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EDITORIALS 


Now — All  Together! 

OO  MUCH  has  been  accomplished  in  the  passage  by  the 
^  Senat"  of  the  paragraphs  in  the  tariff  bill  relating  to 
coal-tar  intermediates  and  dyes  that  we  must  make  a 
final  effort  noir  for  the  embargo.  We  are  rapidly  passing 
out  of  the  period  when  people  generally  were  clamoring  for 
American  industries  and  were  willing  to  go  to  what  they  con- 
sidered great  lengths  out  of  patriotic  motives.  To-day  the 
principal  object  seems  to  be  to  buy  as  cheaply — anj^where — 
as  possible  and  to  sell  at  the  top  price. 

But  actual  conditions  have  changed  little.  Imported 
materials  are  offered  on  a  low  price  basis  more  often  than  upon 
high  quality.  In  his  first  newspaper  interview  a  recently 
arrived  ambassador  took  occasion  to  condemn  our  dyes  and 
praise  those  of  his  countn.-. 

That  the  Senate  saw  fit  to  pass  the  paragraphs  mentioned 
indicates  a  great  gain  notwithstanding  many  difficulties. 
The  way  the  duty  on  scientific  apparatus  was  reduced  from 
55  per  cent  to  35  per  cent  in  about  two  minutes  with  .some 
ten  senators  on  the  floor  indicates  the  many  slips  possible. 
If  j'ou  have  not  expressed  your  views  to  your  senators  and 
representatives,  do  so  now.  If  you  have  urged  favorable 
consideration  of  the  whole  chemical  program,  send  in  a 
reminder. 

Much  has  been  gained.  The  day  can  be  won  if  we  all 
work  together,  and  now! 


Textile  Research  Institute 

TN  THE  hearings  before  the  Senate  committee  invest  i- 
■*  gating  dyes,  the  statement  was  made  that  there  re- 
main to  be  invested  in  education  and  research  several  hun- 
dred thousand  dollars  representing  the  profits  of  the  Textile 
.■Uliance,  in  accordance  with  the  original  understanding  with 
the  State  Department. 

We  urge  that  this  fund  be  devoted  to  the  establishment 
of  an  American  Textile  Research  Institute.  Notwith- 
standing the  work  of  goveriunent  bureaus,  private  corpora- 
tions, and  textile  schools,  there  are  concerted  efforts  abroad 
which  surpass  anything  we  have  to  offer.  As  an  industry, 
textile  manufacturers  have  not  yet  been  convinced  that 
they  can  conduct  research  as  an  association  enterprise. 
We  believe  that  unless  the  present  opportunity  is  utiliz  mI 
it  may  be  many  years  before  adequate  work  will  be  sup- 
ported here. 

A  simple  effective  plan  can  be  de\ised.  Cotton,  wool, 
linen,  and  silk  should  be  represented  in  the  institute.  There 
are  strong  trade  associations  representing  these  fibers.  There 
is  a  splendid  a-ssociation  of  finishers,  and  still  other  groups 
of  spinners,  dyers,  dry  cleaners,  laundrymen,  and  other 
crafts  directly  concerned  with  textiles.  From  these  groups 
a  strong  advisory  committee  can  be  formed  and  by  utilizing 
the  income  from  the  fund  to  be  available  a  deal  of  important 
work  can  be  carried  on  in  existing  laboratories  throughout 
the  country.  The  initial  staff  of  the  institute  could  consist 
of  a  directur  with  proper  assistants,  and  if  desirable  an  early 
acti\ity  could  be  the  establishment  of  informational  servitu; 
and  a  statistical  bureau  and  a  proper  medium  for  broad- 
casting new  information. 


To  divide  the  capital  sumamong  those  now  interested  in 
textile  research  seems  to  us  unwise,  for  provision  should  be 
made  for  study  of  new  problems  as  they  may  arise  in  what- 
ever laboratory'  may  be  best  fitted  for  the  investigation. 
By  keeping  the  present  sum  as  a  fund  other  money  is  sure 
to  be  attracted,  and  there  would  be  available  annually  a 
sum  which  under  wise  administration  would  eventually 
bring  to  the  laboratories  far  greater  support. 

Plans  should  be  perfected,  and  it  is  our  hope  that  the  com- 
mittee appointed  by  the  Textile  Alliance  to  consider  and 
recommend  methods  for  the  employment  of  the  money  in 
hand  may  decide  upon  some  such  program  as  we  have  here 
suggested. 


The  Chemical  Exposition 

"VIO  ONE  can  doubt  that  the  chemical  exposition  has 
played  a  usefid  part  in  promoting  chemical  industry 
in  our  countiy.  We  are  approaching  the  Eighth  National 
Exposition  of  Chemical  Industries.  Let  us  consider  whether 
changes  in  plan  could  be  made  to  advantage. 

The  exposition  serves  as  a  medium  for  the  exchange  of 
ideas  between  exhibitors  and  the  purchasers  of  their  prod- 
ucts. It  has  an  important  educational  function  to  perform, 
and  it  assists  in  creating  the  proper  conception  of  the  chemical 
industry  in  the  minds  of  the  pubhc. 

While  the  tendency  has  been  to  perform  these  services, 
we  believe  much  remains  to  be  accomplished.  Many 
of  the  exliibitors  arc  just  beginning  to  see  the  possibilities 
of  such  an  exliibition.  Others  fail  to  find  in  the  present 
plan  enough  to  gain  their  further  support.  We  suggest 
therefore  that  the  time  has  come  when  the  four  groups  repre- 
senting the  industrj'  should  be  brought  into  closer  coopera- 
tion with  the  exhibition  management  and  that  the  under- 
taking should  be  made  a  cooperative  project.  The  Manu- 
facturing Chemists'  Association,  the  Synthetic  Organic 
Chemical  Manufacturers  Association  of  the  United  States, 
the  Association  of  Scientific  Apparatus  Makers,  and  the 
recently  formed  Chemical  Equipment  Association  include 
the  majority  of  those  who  are  directly  and  financially  in- 
terested. With  this  group  could  be  associated  as  advisers 
representatives  of  scientific  societies  and  others  in  a  position 
to  contribute  to  the  success  of  the  exhibit. 

We  should  like  to  see  an  effort  made  to  conduct  an  imper- 
sonal educational  type  of  exliibit  where  the  public  could  be 
interested  in  the  science  as  a  whole  rather  than  in  in- 
dividual products.  Many  methods  of  treatment  suggest 
themselves  in  this  day  of  expert  model  makers,  motion 
pictures,  and  other  devices.  Either  (concurrently  with 
this  exhibit  or  separately,  there  could  be  held  a  tech- 
nical exhibit  for  that  portion  of  the  public,  both  buyer 
and  seller,  who  can  appreciate  the  strictly  technological 
phases  of  the  industry.  The  first  would  be  for  the  purpose 
of  education,  the  second  for  the  purpose  of  improving  de- 
^^c^s  and  olitaining  orders. 

Much  can  be  done  to  improve  the  coming  exposition  if 
the  exhibitors  will  take  pains  to  place  in  their  booths  ma- 
terials which  will  really  contribute  to  the  interest  of  the  show 
as  a  whole  and  do  .something  toward  educating  the  public. 
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It  is  false  cconiiiiiy  to  invest  comp:ir  ttively  large  sums  in 
space  aJid  then  fail  to  show  products  or  demonstrate  protv 
esses,  and  especially  to  place  in  chai'^c  those  who  are  nut 
sufficiently  well  informed  to  repres(  nt  the  exhibitor.  In 
the  past  some  exhibits  have  been  in  i  liarge  of  men  incompe- 
tent to  answer  questions  and  msike  explanations.  It  is  very 
much  like  buying  expensive  adverllsing  space  and  then 
designating  the  office  boy  to  WTitc  the  copy.  First  im- 
pressions, whether  obtained  throu^;li  the  character  of  the 
exhibit  or  through  the  representative  in  charge,  are  likely 
to  be  lasting,  and  for  several  exliibitors  the  exposition  is 
their  only  contact  with  a  consideral)le  part  of  the  public. 


y 


Fafcts  in  Plain  Words 


/^HEMISTS  wlio  read  beyond  their  own  field  have  (jer- 
^-^  haps  seen  the  paper  of  George  Otis  Smith,  Director 
of  the  U.  S.  Geological  Survey,  in  Ecorwmic  Geology  for 
Januarj'-February  1922.  Under  tlu?  caption  "Science,  the 
Oracle,"  Dr.  Smith  urges  geologists  to  set  forth  facts  in  the 
simplest  possible  form,  being  convinced  "that  at  its  best, 
science  is  simple — that  the  simplest  arrangement  of  facts 
that  sets  forth  the  truth  best  deserves  the  term  scientific." 
Dr.  Smith  uses  several  examples  from  geological  literature 
to  show  how  frequently  words  are  used  for  their  own  sake, 
and  the  failure  of  authors  to  realize  the  need  of  reaching 
their  readers  through  words  more  easily  understood  than 
the  technical  phrases  so  dear  to  many  of  us.  Thus,  "  'dis- 
seminated' and  'disintegration'  are  words  that  please  every 
ear,  trained  or  untrained,  while  the  garden  variety  of  mind 
is  helped  along  by  the  plain  words  'scattered'  and  'breaking 
up.' " 

In  chemistry  it  should  be  possible  for  us  to  state  our  facts 
in  words  sufficiently  plain  to  make  them  easily  understood 
without  introducing  that  extreme  form  of  popularity  which 
is  distasteful  to  many  scientific  T\Titers.  How  often  we  fail 
to  interest  the  laJ^nan  in  a  subject  which  really  concerns 
him,  merely  because  we  persist  in  concealing  our  thoughts 
behind  a  barrage  of  professional  phrases.  Most  of  us  are 
pleased  when  we  find  a  dentist,  a  physician,  a  lawyer,  or  a 
banker  who  ■nill  discuss  his  work  with  us  in  terms  which  we 
understand.  If  we  desire  to  have  our  science  understood 
and  appreciated,  ought  we  not  to  be  willing  to  do  as  much 
for  them? 


^ElTiRAL  of  our  presidents  have  had  the  opportunity 
^  to  Aisit  a  number  of  Sections  of  the  SociETr,  but  so 
far  as  we  know  none  has  traveled  more  widely  in  the  in- 
terests of  the  Society  than  has  President  Smith.  We  have 
followed  him  in  some  places  and  had  the  good  fortune  to 
be  vnX\\  him  in  others.  It  is  certain  that  his  visits  have  done 
a  great  deal  to  promote  the  interests  of  the  Society  and  to 
assist  chemists  in  each  locahty.  His  delightful  discussions 
of  various  phases  of  historical  chemistry  in  America  have 
given  the  younger  men  ideals  toward  wliich  to  look  and 
traditions  of  earnest  constructive  work  to  uphold.  He  has 
urged  colleges  to  wTite  the  history  of  their  chemical  depart- 
ments now,  with  additions  to  be  made  from  time  to  time  in 
future,  so  that  some  future  historian  may  have  better  facili- 
ties in  painting  a  true  picture  of  chemistry  in  America. 
His  talks  with  teachers  as  well  as  witli  students  have  been 
inspiring.  President  Smith  has  done  much  in  his  travels  for 
chemists  and  the  American  Chemical  SociETr. 


Scientific  Research  an  Association  Activity 

IT  WAS  recently  our  pleasant  task  to  review  before  the 
■*■  Institute  of  Margarin  Manufacturers  the  tendency  in 
America  to-day  for  trade  .associations  to  undertake  scientific 
research  as  one  of  their  productive  activities.  Among  the 
hundreds  of  trade  associations  in  this  country,  many  of  which 
engage  upon  work  of  standardization,  there  are  some  thirty- 
five  which  have  become  iilcntified  with  particular  scientific 
problems.  These  a-ssociatiuns  vary  between  such  extremes 
as  four  and  12,500  members.  The  budgets  are  supplied  by 
assessment  or  contributions  and  are  from  $2500  to  several 
hundred  thousand  dollars.  While  we  have  always  main- 
tained that  an  industry  derives  the  greatest  benefit  from 
research  when  it  is  made  a  definite  and  adequately  supported 
part  of  its  own  organization,  it  is  coming  to  be  accepted  that 
many  fundamental  problems  can  be  most  thoroughly  studied 
on  a  basis  which  calls  for  cooperation  among  firms  rather 
than  excessive  expenditure  by  a  single  corporation. 

It  is  encouraging  to  find  several  important  associations 
originally  organized  for  nonscientific  activities  turning  to 
constructive  plans  for  research  and  technical  training.  The 
experience  of  the  associations  that  have  been  engaged  in 
research  for  a  number  of  years  has  encouraged  others  to  ven- 
ture upon  programs  of  their  own. 

The  Institute  of  Margarin  Manufacturers  is  developing 
plans  for  early  attention. 

The  Institute  of  American  Meat  Packers  is  now  consider- 
ing an  ambitious  plan  whereby  it  may  become  so  organizjd 
as  to  combine  a  research  institute,  an  educational  institu- 
tion, and  an  industrial  museum  with  a  trade  association. 
Those  who  heard  the  address  of  Mr.  Thomas  E.  Wilson 
before  the  General  Meeting  of  our  Society  at  Chicago  will 
not  be  surprised  to  find  hmi  chairman  of  the  Plan  Conimis- 
sion  of  the  Institute. 

It  generally  follows  that  those  who  derive  the  greatest 
benefit  from  association  research  are  those  with  the  best 
trained  technical  staff.  To  our  mind,  the  ideal  is  the  con- 
tinuance of  fundamental  research  as  a  group  project  with 
the  utilization  of  its  products  by  the  individuals  of  the  group, 
each  according  to  his  own  needs  and  through  his  own  scientific 
organization. 


Dating  Scientific  Books 

AT  THE  Birmingham  Meeting  the  Council  passed  a 
■^^  resolution  calling  upon  publishers  to  print  the  dates 
at  which  chemical  books  are  written  or  revised  rather  than 
the  date  copjTighted  or  the  date  printed,  so  that  the  pur- 
chaser may  have  some  guide  in  selecting  recent  contribu- 
tions to  the  literature.  This  resolution  has  been  sympathet- 
ically received  on  the  whole  by  the  publishers  in  our  field. 

Many  publishers  have  ex-pected  readers  to  ascertain 
whether  a  book  has  been  revised  by  consulting  the  copy- 
right date  or  the  date  of  the  last  preface.  Others  designate 
a  book  as  the  first  edition  with  a  title  page  date  beneath 
the  imprint  and  continue  to  designate  this  work  as  the  first 
edition  without  change  of  title  page  date,  using  for  example, 
first  edition,  second  impression,  or  third  impression  as  the 
case  may  be,  until  the  book  is  thoroughly  revised.  At 
such  time  the  title  page  date  is  of  course  changed.  This 
is  obviously  what  we  desire,  and  publishers  should  refrain 
from  changing  the  title  page  date  whenever  the  book  is  merely 
reprinted. 

PubUshers,  Uke  other  tradesmen,  comply  with  any  insis- 
tent reasonable  demand.  Book  buyers  can  have  books 
properly  dated  if  they  want  them. 
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Engineering  and  Conservation 


Texts 


nnHE  PART  played  by  research  in  conservation  has  been 
'■  the  subject  of  many  an  article  in  which  the  importance 
of  new  studies  has  been  emphasized.  The  application  of 
acquired  knowledge  in  the  effort  to  conserve  natural  resources 
ought  to  be  an  established  practice  in  engineering,  but  of 
late  the  desire  to  reduce  first  costs  appears  to  have  led  many 
automotive  engineers  away  from  this  sound  principle.  It 
is  disturbing  to  find  strong  light-weight  materials  being 
displaced  by  heavier  ones  in  the  interests  of  low  first  cost 
without  regard  to  what  is  in\'olvod  in  transporting  the  greater 
weight  during  the  life  of  the  car.  In  a  certain  well-known 
car  a  few  dollars  have  been  saved  in  construction  at  an  ex- 
pense of  power  efficiency  estimated  by  different  specialists 
at  from  20  to  50  pej-  cent,  ^^"hen  the  number  of  these  cars 
is  nmltiphed  by  the  amoimt  of  fuel  which  could  be  conserved 
annually  by  a  slightly  higher  first  expenditure,  we  are  led 
to  suggest  legislation,  if  necessary,  to  compel  all  manufacturers 
of  automotive  vehicles  to  include  in  their  designs  such  prin- 
ciples as  experience  has  taught  will  contribute  to  direct  sav- 
ing of  petroleum  products. 

The  indifference  of  automotive  engineers  to  the  problem 
of  future  fuels  is  well  kiiowni.  Cars  are  continualh''  built 
as  if  gasoline  as  it  used  to  be  would  last  forever.  That  may 
be  justified  because  a  gasoline  substitute  has  not  been 
produced  on  a  commercial  scale,  although  motorists  know 
the  changing  characteristics  of  what  they  buy  as  gasoline. 

Realizing  the  importance  of  the  liquid  fuel  situation, 
the  Soci^te  de  Chimie  Industrielle  of  France  has  called 
an  International  Congress  on  Liquid  Fuels,  to  be  held  in 
Paris.     Further  information  is  given  on  page  631. 

So  far  as  obtaining  the  maximum  power  from  present 
fuels  is  concerned,  the  question  of  saving  a  few  dollars  in 
construction  should  certainly  be  made  subordinate,  par- 
ticularly by  those  manufacturers  who  claim  to  have  exalted 
ideals  where  iniblic  welfare  is  concerned. 


OUT  IN  Tacoma  the  Olympic  Chemical  Club  has  created 
an  executive  body  of  six  members  to  cooperate  with 
other  civic  organizations  in  the  upbuilding  of  the  community. 
This  chemical  engineering  council  for  public  welfare  acts 
indc)iendcntly  of  the  Olj-mjiic  Chemical  Clul),  but  its  members 
are  individually  responsible  to  the  Club.  The  council  wiU 
aid  in  the  establishment  of  desirable  new  industries,  assist 
f  stablished  industries  in  developing  along  sound  and  proper 
lines,  and  be  acti^■e  in  all  matters  relating  to  health  and  safety 
in  which  the  science  of  chemistry  plays  a  part.  The  educa- 
tion of  the  public  to  a  better  appreciation  of  chemistry, 
the  ethics  of  chemists  and  chemical  engineers,  the  protec- 
tion of  the  public  from  being  victimized  by  promoters  in 
matters  pertaining  to  chemistrj-,  the  study  of  local  industrial 
resomces  in  order  that  data  may  be  supplied  to  those  inter- 
ested in  establishing  industries  are  other  objects.  Other 
Sections  and  chemical  clubs  may  find  it  well  worth  while  to 
fonsider  this  example  which  they  may  wish  to  follow. 


ALTHOUGH  we  travel  as  much  a#  our  budget  will  allow, 
wc  can  serve  the  science  and  the  industry  to  much 
l)etter  advantage  if  we  can  be  kept  irifonned  regarding  the 
opinions,  desires  and  accomplishments  of  individuals  and 
Local  Sections  in  the  Society.  In  an  effort  to  achieve  our 
ideal  the  Local  Sections  have  been  asked  to  appoint  of!i<'ial 
staff  correspondents  for  This  Journal.  Our  list  is  not  yet 
complete,  but  the  names  of  the  correspondents  who  have 
been  appointed  are  given  on  page  G.').3. 


1_IA\'E  YOU  read  the  preface  wTitten  by  Dr.  E.  E. 
Slosson  for  the  revised  edition  of  Smith's  "Interme- 
diate Chemistry?"  In  a  few  pages  this  interesting  writer  has 
given  us  texts  sufficient  for  a  whole  series  of  lectures  scientifi- 
cally sound  and  popular  in  their  appeal.  Or  those  who 
share  the  view  expressed  by  W.  L.  L.  in  the  Chemical  Bulletin 
for  June  will  find  in  these  thoughts  suggestions  for  really 
scholarly  addresses  in  which  to  teach  about  chemistry  rathei 
than  to  teach  all  men  chemistry. 

"Chemistry  is  the  science  of  power.  AH  the  energy  of  man 
and  beast  and  all  the  energy  of  machinery,  except  that  furnished 
by  windmills  and  water  wheels,  is  chemical  energy  and  nearly 
all  of  this  is  derived  from  two  simple  and  siinilar  chemical  re- 
actions, the  oxidation  of  hydrogen  to  form  wafer  and  of  carbon 
to  form  carbon  dioxide." 

"Chemistry  has  control  of  life  and  death.  An  animal  or  plant 
deprived  for  a  time  of  the  proper  chemical  compounds  will  star\-e 
or  if  it  imbibes  a  minute  amount  of  the  wrong  chemical  com- 
pounds it  dies  at  once." 

"Chemistry  is  the  science  of  terror  and  pity"  for  it  provides 
both  the  materials  for  destruction  and  for  healing.  It  is  man's 
weapon  against  disease,  insects,  fungi,  pain,  and  sleeplessness. 
It  tears  down  and  builds  up. 

"Chemistry  is  the  democratic  science.  It  bestows  upon  the 
poorest  what  once  were  the  gifts  of  kings."  It  is  the  joyous 
science  and  contributes  most  to  the  pleasures  of  life.  "Chem- 
istry is  a  practical  science.  None  touches  everyday  life  at  more 
points  except  its  sister  science,  physics,  between  which  and  chem- 
istry no  clear  boundarj'  can  be  drawn.  None  has  more  avenues 
for  profitable  employment." 

But  read  the  preface  and  consider  the  possibilities  of  ar- 
ranging a  popular  course  of  lectures  in  chemistry  in  your  own 
communitv! 


Earning  Power  of  Research 

^O^lE  years  ago  engineers  at  a  cotton  textile  plant  in- 
^  troduced  an  air  conveying  system  so  that  prepared 
fiber  might  be  quickly  and  cheaply  transported  from  one 
part  of  the  inunense  plant  to  another.  The  .system  was 
successful  until  cold  weather  came.  Then  the  moisture 
in  the  convejing  air  froze  in  the  pipe  between  buildings. 
As  the  moisture  froze,  the  fibers  became  attached  .and  soon 
stopped  the  entire  system.  After  surveying  the  situation 
the  engineers  concluded  that  the  conveyor  must  i)e  sur- 
rounded with  steam  pipes  to  prevent  freezing.  The  cost 
was  estimated  at  $30,000.  The  report  was  made  to  the 
president  in  the  presence  of  the  chemist,  who  required  no 
research  to  understand  the  factors  of  the  problem.  He 
reconmiended  that  the  fibers  be  conveyed  in  cold  air  drawn 
in  from  outside  the  building  and  therefore  of  the  same  rela- 
tive humidity  as  the  air  around  the  conveyor.  Although 
the  engineers  predicted  it  would  not  work,  this  method  was 
tried  and  succeeded.  The  $30,000  wjis  saved  through  the 
observation  of  a  chemist.    It  pays  to  have  one  around. 


BEFORE  research  developed  accelerators  for  the  vul- 
canization of  rubber,  two  to  three  hours  were  required 
to  complete  the  process.  Much  research  still  remains  to 
be  done  upon  organic  accelerators  but  already  results  have 
1  leen  achieved  which  reduce  the  time  to  about  thirty  minutes. 
Another  way  of  stating  this  is  to  say  that  with  the  intro- 
duction of  accelerators  one-tliird  the  former  vulcanizing 
plant  is  required  in  a  factory  of  a  given  size,  and  the  capacity 
of  the  entire  plant  ha«  been  doubled. 
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Detonation  Characteristics  of  Blends  of  Aromatic  and  Paraffin 

Hydrocarbons' 


By  Thomas  Midgley,  Jr.,^  and  T.  A.  Boyd^ 

GSNKRAL  Motors  Ri-:sh,\rch  Corporation,  Dayton.  Ohh 


The  following  paper  presents  the  results  obtained  in  a  careful 
measurement  of  the  effects  of  earious  concentrations  of  benzene, 
toluene,  or  xylene  upon  the  detonation  tendency  of  paraffin  fuels 
in  badly  carbonized  or  high  compression  engines. 

Most  of  the  deteprtfnations  were  ma./c  on  blends  with  l(erosene, 
on  account  of  its  greater  tendency  to  Jclnnate.  As  a  standard  of 
comparison,  use  was  made  of  paraffin  fuch  containing  small  amounts 
of  xylidine,  which,  in  common  with  other  aromatic  amines,  exerts  a 
powerful  suppressing  action  on  detonation. 

A  simple  basis  for  determining  the  amount  of  benzene  necessary 
to  add  to  a  paraffin  fuel  in  order  to  obtain  a  given  effect  is  as  follows: 
Up  to  a  concentration  of  70  per  cent  by  molecules,  the  effectiveness 
of  benzene  for  suppressing  detonation  varies  directly  as  the  square 
of  its  molecular  concentration  {Fig.  3). 

THE  "knocking"  that  is  so  familiar  in  automobile 
engines  when  laboring  on  hills  with  wide  open  throttle 
has  commonly  been  attributed  to  preignition.  This 
conception,  however,  has  been  proved  erroneous.  The 
"knock"  under  such  conditions  is  probably  due  to  a  de- 
tonation of  part  of  the  fuel  charge,  and  the  tendency  of  a 
fuel  to  detonate  is  a  function  of  its  chemical  composition. 
Furthermore,  the  detonating  tendency  of  a  fuel  of  given 
composition  and  structure  varies  with  the  compression  to 
which  it  is  subjected,  with  the  effectiveness  with  which  the 
engine  is  cooled,  and  with  the  degree  of  carbonization  in  the 
cylinders  of  the  engine.  The  tendency  of  a  fuel  to  knock 
or  detonate  in  a  given  engine  is  influenced  also  by  some 
elements  of  design,  such  as,  for  example,  the  spark  plug 
location. 

It  has  been  known  for  some  time  that  the  addition  of  ben- 
zene and  certain  other  aromatic  hydrocarbons  to  parafRn- 
base  gasolines  greatly  reduces  the  tendency  of  the  fuel  to 
detonate  when  used  in  automobile  engines. 

The  extension  of  the  by-product  coking  industry  in  the 
United  States  during  the  recent  war  generated  a  capacity 
for  the  production  of  Ught  oil  which  could  only  be  absorbed 
by  the  use  of  a  part  of  the  material  as  a  motor  fuel.  Since 
1918,  therefore,  mixtures  of  benzene  (or  "motor  benzene") 
and  blending  naphtha  have  been  rather  ;\idely  sold  as  motor 
fuels  m  this  country,  and  at  about  the  same  price  as  gasoline. 

Very  few  accurate  quantitative  data  have  been  published 
on  the  effect  of  the  blending  of  aromatic  hydrocarbons  with 
parafEn-base  gasolines  upon  the  tendency  of  the  latter  to 
knock  or  detonate.  The  primary  reason  why  more  of  these 
fundamental  data  have  not  been  obtained  and  made  gener- 
ally avaOable  is  the  previous  lack  of  a  means  for  measuring 
the  detonating  tendency  of  fuels  with  sufficient  accuracy. 
A  de\nce  has  recently  been  developed  -svith  which  the  tendency 
of  a  fuel  to  detonate  can  be  determineti  with  a  high  degree 
of  accuracy  and  reUabihty.'  The  purpose  of  this  paper 
is  to  present  some  results  obtained  in  the  careful  measure- 

'  Presented  before  the  Petroleum  Section  at  the  63rd  Meeting  of  the 
American  Chemical  Society,  Birmingham,  .413.,  April  3  to  7,  1922. 

'  Chief  and  Assistant  Chief  of  the  Fuel  Section  of  the  General  Motors 
Research  Corporation,  Dayton,  Ohio. 

'  For  a  discussion  of  the  relative  merits  of  the  various  means  that  have 
been  used  for  observing  and  measuring  detonation  in  engines  see  Midgley  and 
Boyd,  "Methods  of  Measuring  Detonation  in  Engines,"  J.  Soc.  Automotive 
Ens..  10  (1922),  7. 


ment  of  the  efTects  of  various  concentrations  of  different 
aromatic  hydrocarbons  upon  the  detonation  tendency  of 
paraffin  fuels  in  badly  carbonized  or  high  compression  en- 
gines. 

In  order  that  the  effects  of  aromatic  hydrocarbons  in  as 
wide  a  range  of  concentrations  as  practicable  might  be  meas- 
ured, they  were  blended  with  kerosene  for  making  the  ma- 
jority of  the  determinations  reported  in  this  paper.  The 
greater  tendency  of  kerosene  than  lighter  parafTin  hydro- 
carbons to  detonate  made  it  possible  to  determine  the  de- 
tonation characteristics  of  blends  up  to  a  concentration  of 
80  per  cent  benzene  without  introducing  the  difficulties  inci- 
dent to  excessively  liigh  engine  compressions. 


«>%/i5Q, 


Fig.  1 — Apparatus  for  Msasurbhbnt  op  Detonation  by  thb 
BotraciNG  Pin  Method 

On  account  of  variations  in  motor  conditions  it  is  e^dent 
that  data  obtained  from  any  particular  engine  are  applicable 
in  a  quantitative  way  only  to  that  one  motor  design  and  set 
of  conditions.  But,  although  widely  different  beha\aor 
may  characterize  the  combustion  of  a  given  fuel  in  two 
engines,  the  relative  behaviors  of  two  given  fuels  will  be 
comparative  in  whate\'er  type  of  motor  they  may  be  run. 
Hence,  in  measuring  the  detonating  tendency  of  any  fuel 
it  is  essential  that  some  standard  fuel  be  used  as  a  basis 
of  comparison.  In  the  tests  reported  herein  small  percent- 
ages of  xyhdine,  in  the  same  paraffin  fuel  as  was  used  for 
blending  with  the  aromatic  hydrocarbons,  were  employed 
as  a  standard.  Xylidine  has  the  property,  common  to  aro- 
matic amines  and  considerably  more  marked  in  a  number  of 
other  materials,  of  exerting  a  powerful  suppressing  action 
on  detonation,  when  present  in  a  fuel  in  percentages  that  are 
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Tablb  I — Physical  Data  on  Fuels  Used  in  Tests 


Sp,  Gr. 

Hydrocarbon  15"  C. 

Kerosene 0.S16 

Commercial  gasoline 0 .  734 

"High  Test"  gasoline 0.704 

Benzene  (90°  benzene) 0.878 

Toluene 0.860  (about) 

Xylene 0.S80  (about) 

'  The  apparatus  used  conformed  approximately  to  the  standard  of  the  C 
Bullelin  6,  published  by  the  U.  S.  Bureau  of  Mines. 

relatively  very  small.  Thus,  it  may  be  seen  from  Fig.  2 
that  1  per  cent  of  xj'lidine  in  kerosene  is  equivalent  for  the 
elimination  of  detonation  to  about  15  per  cent  of  benzene 
in  the  same  fuel.  This  property  of  the  material  makes  it 
possible  to  convert  kerosene  into  a  fuel  that  will  withstand 
very  high  compressions  without  knocking,  and  this  with  the 
addition  of  such  a  small  percentage  of  xylidine  that  the  com- 
bustion characteristics  of  the  fuel,  other  than  its  tendency 
to  detonate,  are  not  materially  changed. 

Phoperties  of  Materials  Used  as  Fuels 

The  materials  used  as  ingredients  of  the  various  fuels 
that  were  either  examined  or  employed  as  standards  in  the 
examinations  were  "high  test"  gasoline,  commercial  gasoline, 
kerosene,  xj-lidine,  benzene  (90°  benzene),  toluene,  and 
xylene.  The  xylidine  employed  was  a  commercial  material, 
composed  of  the  mixed  xylidines.  Some  physical  properties 
of  the  other  materials  are  tabulated  in  Table  I. 

Appar.\tus 

A  '/4-kw.  Delco-Light  engine  was  used  for  making  all  the 
determinations.  This  is  a  single  cylinder,  air-cooled  engine, 
directly  connected  to  a  32-volt  d.  c.  generator,  and  having 
a  2.5-in.  bore  and  a  5-in.  stroke.    The  engine  was  standard 


Absorption  in 

. 

Distillation  Tbhpbratures,  "  C 
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30%       40%       50%       60%       70% 
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212         217.5     222         227.5     233  5 
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268         291 
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114 
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157          178 
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Pio.  2 — Grai'hical  Rbprksentation  op  Data  Obtained  in  Determina- 
tion OP  Dstonation  Characteristics  op  Blends  op  Aromatic  and 

Parappin  Hydrocarbons 
(Plotted  from  data  in  Columns  4,  6.  and  7;  Tables  II.  III.  IV,  and  V) 


mmittee  for  the  Standardization  of  Petroleum  Specifications  as  given  in  their 

in  every  way,  except  that  the  mixing  \alve  was  bored  to  a 
larger  inside  iliameter,  that  a  means  was  provided  for  ad- 
justing the  spark  timing,  and  that  the  compression  was  in- 
creased by  stages  from  the  normal  ratio  of  3.47  :  1  to  a  ratio 
of  5.36  :  1,  by  means  of  a  series  of  cylinder  heads  which  had 
been  cut  down  by  different  amounts  so  as  to  reduce  the  clear- 
ance volume  by  corresponding  stages. 

The  device  that  was  employed  for  measuring  the  relative 
intensities  of  different  detonations,  and  called  the  "bouncing 
pin"  apparatus,  is  shown  diagrammatically  in  Fig.  1.  An 
essential  part  of  this  device  is  a  combination  of  a  bouncing 
pin  with  the  standard  pressure  element  of  the  Midgley 
Indicator.*  This  pressure  element  is  designed  to  screw 
directly  into  the  combustion  chamber  and  to  come  flush 
with  the  inner  surface  of  the  cylinder  head.  The  lower  end 
of  the  element  embodies  a  small  piston,  the  upward  move- 
ment of  wliich  is  resisted  by  a  heavy  spring.  In  the  original 
element  the  movement  of  the  piston  resulting  from  pressure 
changes  in  the  combustion  chamber  is  transmitted  tlirough 
a  very  light  rod  to  an  arm  which  operates  to  change  the  verti- 
cal angle  of  a  small  mirror,  supported  on  a  horizontal  axis 
at  tlie  top  of  the  element,  in  proportion  to  the  pressure  on 
the  piston.  In  the  bouncing  pin  apparatus  the  mirror  and 
the  shaft  connecting  it  to  the  piston  have  been  replaced  by 
a  hea^'y  pin  wliich  rests  on  the  piston  simply  by  gravity. 
During  normal  combustion  this  pin  ino\'es  up  and  down  very 
slightly  (only  a  few  thousandths  of  an  inch),  owing  to  its 
following  the  movement  of  the  piston  resulting  from  normal 
pressure  changes  in  the  cylinder.  But  when  detonation 
occurs  in  the  combustion  chamber  the  rod  jumps  upward 
a  noticeable  distance  and  entirely  clear  of  the  piston.  The 
amplitude  of  movement  of  the  pin  varies  with  tlie  intensity 
of  detonation.  It  has  been  observed  to  jump  as  high  as 
1.5  in.  above  its  normal  position. 

Since  two  successive  explosions  in  a  cjdinder  are  rarely 
exactly  alike,  the  desired  degree  of  accuracy  could  not  be 
obtained  -n-ithout  an  integration  of  the  fluctuations  of  the 
pin  over  a  period  of  time.  The  rest  of  the  apparatus  illus- 
trated in  Fig.  1  was  arranged  to  accomplish  this  result. 
Contact  points  were  held  in  position  in  an  electric  circuit 
by  springs  immediately  above  the  upper  end  of  the  bouncing 
pin,  in  such  a  way  as  to  be  closed  when  the  pin  was  thrown 
free  of  the  piston.  An  integration  of  the  length  of  time  the 
contact  points  were  closed  was  then  obtained  by  measuring 
the  volume  of  gas  evolved  during  a  1-min.  period  bj'  an  elec- 
trolytic cell  placed  in  series  with  the  points.  To  the  cell, 
wliich  contained  a  10  per  cent  solution  of  sulfuric  acid  in 
distilled  water,  110  volts  direct  current  were  applied  through 
a  resistance  unit,  this  high  \'oltage  being  used  to  reduce 
polarization.  Platinum  electrodes  were  used  in  the  cell 
which,  as  is  showTi  in  Fig.  1,  was  designed  so  that  the  evolved 
gas  was  automatically  coUccteii  in  a  slender  graduated  tube 
at  tlie  top  where  its  volume  could  be  easily  noted.  Since 
the  amount  of  gas  evolved  during  a  given  period  by  one  fuel 
was  always  compared  witli  that  evolved  by  a  fuel  of  similar 
detonation  characteristics  that  was  run  immediately  before 
and  after  it,  no  correction  of  the  volume  of  gas  was  made  for 

*  Foi  description  of  this  pressure  element  and  its  function  see  "High 
Speed  Indicators,"  by  Thomas  MidRley,  Jr.,  Trans,  Soc.  Automotive  Eng., 
16  (1920),  317, 
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Tablb  II — 

Data  Obtained  in 

;JBTliRMlNINO  DBTi 

Dbtbrmination 

Compression 

Spark,  DcRrees 

NUHBKR 

Ratio 

before  T.  U.  C. 

12 

3.47 

43 

20 

3.47 

43 

21 

3.47 

43 

13 

3.47 

43 

IS 

3.47 

43 

16 

3.47 

43 

11 

3.87 

22 

3.87 

43 

23 

3. 87 

43 

28 

4.59 

32 

29 

4.59 

32 

10 

5.36 

37 

S.36 

25  ■ 

38 

5.36 

25 

39 

5.36 

25 

40 

5.36 

2.5 

41 

5.36 

25 

42 

5.36 

25 

\L  OF  INDUSTRIAL  AND  ENdIN BERING  CHEMISTRY 


591 


'  BSNJENS  AND  KkROSBNS 


Bknzknb-Ksrossni!  Blbnd 
Benzene  Kerosene 

r  cent  by  Vol.     Per  cent  by  Vol. 


1.0 
2.05 
l;9S 
2.25 
4.3 
4.7 
4.7 
7.05 
7.05 
10.65 
11.3 
11.5 
11.4 
15.8 
15.85 


Table  III— Data  Obta 


Determining  Detonation  Charactbkistics  op  Various  Blends  op  Toluene  and  Kerosene 


Toluenb-Kerosenb  Blend 

Determined 

Equivalent  Xylidinb 

Dbtbrmin 

ATION 

Corapressio 

n          Spark 

,  Degrees 

Toluene 

Kerosene 

IN  Kerosene,  Per  cent  by  Volume 

Number 

Ratio 

before  T.  D, 

.  C. 

Per  cent  by  Vol. 

Per  cent  by  Vol. 

Individual 

Average 

17 

3.47 

43 

20 

80 

1.8 

1.8 

14 

3.47 

43 

25 

75 

2.55 

2.55 

24 

3.87 

43 

45 

55 

5.25 

25 

3.87 

43 

45 

55 

5.35 

5.3 

30 

4.59 

32 

55 

45 

7.4 

31 

4.59 

32 

55 

45 

7.15 

32 

4.59 

32 

55 

45 

7.15 

7.25 

45 

5.36 

25 

70 

30 

11.75 

46 

5.36 

25 

70 

30 

11.9 

11.85 

43 

5.36 

25 

75 

25 

14.4 

14.4 

Table 

IV— Data 

Obtained 

IN  Determining 

Detonation  Characteristics  of  Various  Blends  op  Xylene 

AND  Kerosene 

Xylene-Kerosene  Blend 

Determined  : 

EQur 

i^alent  Xylidinb 

Determination 

Compressio 

u          Spark 

.  Degrees 

Xylene 

Kerosene 

IN  Kerosene, 

Per 

CENT  by  Volume 

Number 

Ratio 

before  T.  D 

.  C. 

Per  cent  by  Vol. 

Per  cent  by  Vol. 

Individual 

Average 

18 

V   3.47 

43 

20 

80 

1.8 

19 

3.47 

43 

20 

80 

2.05 

1.95 

26 

3.87 

43 

45 

55 

6.05 

27 

3.87 

43 

45 

55 

6.05 

6.05 

33 

4.59 

32 

55 

45 

7.75 

34 

4.59 

32 

55 

45 

7.80 

35 

4.59 

32 

55 

45 

7.85 

7.8 

Table  V— Da 


ATioN      Compressi 
R  Ratio 

5.36 
5.36 
4.59 
4.59 
5.36 
5.36 


r  Determining  Detonation  Characteristics  op  Blends  op  Benzene  and  Gasoline 


Benzene-Gasoline  Blend 

Benzene  > Gasoline ■ 

Per  cent  by  Vol.        Per  cent  by  Vol.         Designation 


Determined  Equivalent  Xylidinb  m 
Gasoline,  Per  cent  bv  Volume 
Individual  Average 

5.0 
5.1  5.05 


1. 

1.85 


1.8 


temperature  or  for  the  slight  liquid  pressure  resulting  from 
the  design  of  the  apparatus. 

A  rapid  and  complete  change  of  the  fuel  entering  the  engine 
when  desired  was  facilitated  by  the  use  of  a  special  fuel  sys- 
tem. This  de\'ice  consisted  of  two  carburetor  float  bowls, 
so  arranged  as  to  be  adjustable  for  vertical  position,  and 
two  vertical  glass  tubes  placed  side  by  side,  each  connected 
at  its  bottom  to  one  of  the  float  bowls.  Each  of  these  tubes 
was  connected  in  turn  to  a  3-way  stopcock  from  which  a 
single  fuel  line  of  small  diameter  ran  to  the  engine.  This 
arrangement  permitted  rapid  switching  from  one  fuel  to  an- 
other maintained  at  the  proper  le\el  to  give  the  correct 
amount  of  fuel  to  the  engine.  A  mi.xing  valve,  which  was 
standard,  except  that  it  was  bored  to  a  larger  internal  diam- 
eter, was  used  for  metering  the  fuel  to  the  engine;  so  that 
in  changing  fuels  no  complication  was  introduced  from  the 
residual  fuel  tliat  remained  in  the  float  bowl  of  a  carburetor. 
A  means  was  pro\'ided  for  the  complete  draining  of  the  part 
of  the  fuel  sj'stem  not  in  use,  so  as  to  permit  the  ready  sub- 
stitution of  different  fuels. 

Method 

The  method  of  making  the  determinations  can  best  be 
explained  by  giving  a  specific  example,  for  which  the  com- 


parison of  a  45  per  cent  benzene-55  per  cent  kerosene  blend 
with  fuels  composed  of  smaD  percentages  of  xylidine  in 
kerosene  will  be  employed.  A  compression  ratio  of  3.87 
was  used,  so  that  some  detonation  would  occur,  but  wliich 
was  not  so  violent  as  to  cut  down  seriously  the  power  of  the 
engine  or  to  cause  it  to  operate  in  an  erratic  manner.  The 
fuel  under  examination  was  put  into  one  side  of  the  fuel 
system,  and  the  mixing  valve  on  the  engine  was  adjusted 
so  as  to  give  a  maximum  of  detonation,  wliich  is  an  adjust- 
ment that  lies  close  to  the  leanest  possible  mixture  for  maxi- 
mum power.  By  trial  it  was  found  that  5  per  cent  of  xylidine 
in  kerosene  had  a  very  slightly  lesser  detonating  tendency 
than  the  benzene-kerosene  blend  under  examination.  This 
fuel  was  then  placed  in  the  other  side  of  the  fuel  system, 
and  its  level  was  adjusted  so  as  to  give  the  point  of  maximum 
detonation.  The  setting  of  the  mi.xing  valve  was  left  un- 
disturbed throughout  the  determination  so  that  the  com- 
pression pressure  of  the  engine  would  be  unchanged.  A 
number  of  alternate  1-min.  rims  were  then  made  with  the 
5  per  cent  xylidine  in  kerosene  and  the  45  per  cent  benzene- 
55  per  cent  kerosene  blend,  and-the  amount  of  gas  evolved 
in  the  electrolytic  cell  during  each  period  was  recorded. 
The  output  of  the  generator  on  the  plant  in  volts  and  amperes 
was  also  kept,  simply  as  a  matter  of  record.    After  from 
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Fuel 
[igh  Test"  gasoline.. 

Tablb  vr- 

Sp.  Gr. 

15°  C. 

. ..     0.704 

.  ..      0.734 

-AvBHAcB  Molecular  Weights  of  Paraffin  Fuels,  and 
Average                    First  Normal  Paraffin 
Boiling                 Hydrocarbon  below  Average 
Point                                Boiling  Point 
°  C.                       Formula                           B.  P. 
95                          CeHu                               69 
126                          CJIis                             125.6 
226                           CuHm                            214.5 

i  Data 

ON  Which  They  Are  Based 

First  Normal  Paraffin 

Hydrocarbon  above  Average 

Boiling  Point 

Formula                         B.  P. 

CtHis                             98.5 

CjHm                            149.5 

CnH,,                           234 

...      0.816 

Approximate 
i^erage  Molecu- 
r  Weight  of  Fuel 


Xylidine  in  Paraffin 

15ENZ] 

ENE-i-ARAFFIN  J 

hlend — , 

Fuel  by  Volume 

In  Percentages  by  Volume 

In  Equivalent  Percentages  by  Molecules 

Per  cent 

Benzene 

Kerosene 

Benzene                Kerosene 

1.0 

15 

85 

30.0                        70.0 

2.1 

25 

75 

44.8                        55. 2 

4.2 

40 

60 

61.8                        38.2 

5.9 

50 

SO 

70.8                        29.2 

8.2 

60 

40 

78.5                        21.5 

11.2 

70 

30 

85.0                       15.0 

15.8 

80 

20 

90.6                           9.S 

Benzene 

Com.  Gasoline 

Benzene       Commercial  Gasoline 

0.85 

15 

85 

23.4                        76.6 

1.8 

25 

75 

36.6                        63.4 

3.6 

40 

60 

53.6                        46.4 

5.05 

50 

SO 

63.0                        37.0 

Benzene 

■■High  Test"  Gasoline 

Benzene       ■■High  Test"  Gasoline 

1.65 

25 

75 

34.1                        65.9 

three  to  six  runs  had  been  made  on  each  fuel,  the  5  per  cent 
xylidine  in  kerosene  was  replaced  with  4  per  cent  xj'lidine 
in  kerosene,  and  a  second  series  of  runs  was  made  in  the  same 
manner.  The  amounts  of  gas  e\olved  during  the  1-min. 
runs  were  then  averaged,  and  the  values  thus  obtained  for 
the  xj'lidine-kerosene  fuels  were  plotted  on  a  coordinate 
chart,  having  as  its  vertical  axis  the  amount  of  gas  evolved 
per  minute  and  as  its  horizontal  axis  the  percentage  of  xyli- 
dine in  kerosene.  These  two  points  were  joined  by  a  straight 
line.  From  the  point  at  wliich  this  line  crossed  the  hori- 
zontal line  corresponding  to  the  volume  of  gas  evolved  by 
the  45  per  cent  benzene-55  per  cent  kerosene  fuel  a  vertical 
projection  was  made  to  the  horizontal  scale  at  the  bottom 
of  the  chart  giving  per  cent  of  xylidine  in  kerosene.  The 
intersection  of  tliis  projected  line  ■with  the  bottom  scale  tlien 
gave  directly  the  percentage  of  xylidine  in  kerosene  which 
was  equivalent  in  its  effect  for  the  suppression  of  detonation 
to  45  per  cent  of  benzene  in  kerosene. 

Results 

The  data  obtained  in  the  tests  are  tabulated  in  Tables  II, 
III,  IV,  and  V.  Fig.  2  gives  a  graphical  presentation  of 
these  results.  The  consistency  of  the  results  obtained  with 
different  concentrations  of  the  same  fuel  and  the  close  checks 
that  were  made  in  different  determinations  of  the  detonating 
characteristics  of  a  given  blend  indicate  that  the  values 
obtained  have  a  high  degree  of  accuracy.  The  general 
shape  of  the  curves  in  Fig.  2  is  much  like  what  might  be 
expected.  When  the  aromatic  concentration  of  an  aromatic- 
paraffin  blend  is  comparatively  high,  say  40  per  cent  or 
more,  the  percentage  of  the  paraffin  fuel  in  the  blend  falls 
off  rapidly  as  the  percentage  of  the  aromatic  constituent 
is  increased;  and  so  an  increase  in  the  percentage  of  aromatic 
content  that  is  relatively  small  on  the  basis  of  the  whole 
blend  exerts  a  large  influence  on  the  detonating  tendency  of 
the  fuel. 

Although  the  amount  of  xylidine  used  as  antiknock  material 
in  the  kerosene  in  some  of  the  tests  was  over  15  per  cent, 
it  was  never  high  enough  to  change  materially  the  heating 
value  of  the  fuel.  Practically  the  only  effect  of  the  addition 
of  xylidine  to  the  paraffin  fuels  was  the  elimination  of  de- 
tonation that  resulted  from  its  use.  While  this  effect  is 
probably  not  exactly  a  straight-line  function,  at  least  up  to 
the  higher  percentages  of  jcylidine,  the  amounts  of  the  anti- 
knock material  used  were  never  large  enough  to  cause  a 
great  variation  on  account  of  the  diluting  action  of  the  xyli- 
dine on  the  fuel. 


It  will  be  observed  from  Fig.  2  that  toluene,  on  the  basis 
of  volume,  is  more  effecti\-e  than  benzene  for  eliminating 
detonation  conditions,  and  that  xjdene  is,  in  turn,  stUl  more 
effective  than  toluene  for  this  purpose.  As  may  be  seen  from 
the  shape  of  the  curves  in  Fig.  2,  the  addition  of  only  a  small 
percentage  of  aromatic  hydrocarbons  to  a  paraffin  fuel  has 
but  a  slight  effect  in  suppressing  detonation.  The  curves 
illustrate  to  good  advantage  the  reason  for  the  observed 
fact  that  the  blending  of  less  than  20  per  cent  of  benzene 
with  a  commercial  gasoline  or  a  naphtha  exerts  only  a  small 
influence  toward  causing  the  engine  to  give  smoother  opera- 
tion while  running  on  it.  When  benzene  is  blended  with 
paraffin  fuels  in  percentages  above  20,  however,  its  effect 
increases  rapidly  as  its  concentration  is  raised  relative  to  the 
paraffin  fuel.  Attention  has  previously  been  called  to  the 
fact  that  this  is  due  in  part  at  least  to  the  greater  percentage 
reduction  in  the  amount  of  the  paraffin  constituent  present 
as  the  aromatic  content  is  increased. 

The  vertical  scale  at  the  right  of  Fig.  2  shows  approxi- 
mately the  increments  in  compression  pressure  of  the  engine 
that  are  made  possible  by  the  addition  to  a  paraffin  fuel  of 
the  corresponding  percentages  of  xylidine  given  on  the  \'er- 
tical  scale  to  the  left.  From  the  two  scales  on  the  chart  it 
will  be  observed  that  the  addition  of  1  per  cent  of  xylidine 
to  a  fuel  that  just  gives  incipient  detonation  in  a  given  engine 
makes  it  possible  to  raise  the  compression  of  the  engine  about 
10  lbs.,  and  this  without  any  greater  detonation  being  ob- 
tained than  with  the  untreated  fuel  at  the  original  and  lower 
compression.  The  increment  in  compression  that  each  per 
cent  of  xylidine  makes  possible  can  only  be  approximated, 
but  the  value  given  is  based  upon  a  number  of  observations 
made  under  practical  operating  conditions,  on  motors  rang- 
ing from  the  single  cylinder  Delco-Light  to  the  twelve  cylin- 
der Liberty,  and  over  a  compression  range  of  from  50  to  160 
lbs.  By  referring  the  curves  of  aromatic-paraffin  fuels  to 
the  scale  at  the  right  an  approximation  may  be  obtained  to 
the  relative  composition  necessary  to  give  smooth  operation 
at  a  corresponding  increase  above  the  normal  limiting  or 
critical  compression  of  the  paraffin  fuel  alone. 

Table  VII  and  Fig.  3  give  the  relations  between  percentages 
of  xylidine  by  volume  and  benzene  by  molecules  required 
to  impart  like  detonation  characteristics  to  two  representative 
paraffin  fuels.  The  composition  of  the  benzene-paraffin 
blends  on  the  volume  basis  corresponding  to  the  percentages 
of  xyhdine  in  the  paraffin  fuel  as  given  in  Table  VII  was 
taken  from  the  curves  in  Fig.  2.  The  values  for  the  average 
molecular  weights  of  the  paraffin  fuels  used  in  converting 
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percentages  by  volume  to  the  mol(  i  ular  basis  were  obtained 
by  the  method  of  WOson  and  Bam  ird.'  In  computinR  tli(> 
percentage  composition  of  a  blend  on  the  molecular  ))asis 
from  its  composition  by  volume,  tlif  si)ecific  gravity  and  the 
average  molecular  weight  of  eacli  of  the  ingredients  were 


10     ZO    30    40    SO     60     70    30    SO 
90    30     70     60    SO    4C    30    20     10 
PsfKSNT  BY  Molecules 


100  fiROMffTIC 

0  Paraffin 


Fio.  3 — Relations    between    Percentages    of    Xylidinb  by  VOLnME 
AND  Benzene  by  Molecules  Required  to  Impart  to  Paraffin 
Fuels  Like  Combustion  Characteristics  prom  Stand- 
point   of    Detonation       (Plotted    from    data 
in    Table    VII) 

employed.  In  view  of  the  somewhat  wide  distillation  range 
of  the  benzene  used  in  the  tests  (Table  I)  a  molecular  weight 
of  79  instead  of  78  was  taken  for  benzene.  The  values  ob- 
tained in  these  computations  are  given  in  Table  VII. ^ 

The  curves  of  Fig.  3  give  a  more  definite  basis  for  estimat- 
ing the  percentage  of  benzene  that  must  be  added  to  a  parafEn 
fuel  in  order  to  change  its  detonation  tendency  a  certain 

»  R.  E.  Wilson  and  D.  C.  Barnard,  4th,  "Condensation  Temperatures 
of  Gasoline-  and  Kerosene-Air  Mixtures,"  This  Journal,  13  (1921),  906. 
For  this  purpose  the  distillation  data  of  the  fuel  (Table  I)  were  arranged  in 
the  usual  type  of  curve  in  which  temperature  is  plotted  on  the  vertical  axis 
against  per  cent  disliUed  on  the  horizontal  axis.  From  this  curve  the  per- 
centages of  the  fuel  distilling  in  each  interval  of  10°  were  obtained,  and  these 
values  were  plotted  on  a  chart  on  which  the  scale  of  the  vertical  axis  was 
in  terms  of  per  cent  distilled  and  that  of  the  horizontal  axis  was  in  terms  of 
temperature.  The  average  boiling  point  of  the  fuel  was  taken  as  the  point 
at  which  a  perpendicular  passed  through  the  center  of  gravity  of  the  area 
enclosed  under  this  differential  distillation  curve  cut  the  horizontal  or  tem- 
perature axis.  The  values  obtained  in  this  way  are  given  in  Column  3  of 
Table  VI.  The  approximate  molecular  weight  of  each  of  the  paraffin  fuels 
was  computed  so  as  to  bear  the  same  proportionate  relation  to  the  molecular 
weights  of  the  hydrocarbons  next  above  and  below  it  in  the  paraffin  series 
as  the  average  boiling  point  of  the  fuel  bore  to  the  boiling  points  of  the  normal 
paraffin  hydrocarbons  occupying  like  positions  with  respect  to  it.  The 
data  used  in  the  calculations  and  the  value  obtained  for  the  average  molec- 
ular weight  of  each  fuel  are  tabulated  in  Table  VI. 

•  It  is  recognized  that  these  values  are  only  close  approximations;  but, 
in  view  of  the  wide  variations  between  different  samples  of  commercial 
gasolines,  the  degree  of  their  accuracy  is  as  great  as  can  have  any  signiB- 
cance  when  dealing  with  such  materials.  Because  it  is  such  a  small  factor, 
no  account  was  taken  in  making  these  calculations  of  the  slight  increase 
in  volume  that  occurs  when  aromatic  and  paraffin  hydrocarbons  are  blended. 


amount  than  is  given  in  I'ig.  2.  Fig.  3  shows  that  on  the 
basis  of  molecular  concentration  a  somewhat  lower  percen- 
tage of  benzene  is  required  to  produce  a  given  effect  on  the 
criticiil  compression  of  a  benzene-paraffin  blend,  as  the 
average  molecular  weight  of  the  paraffin  fuel  becomes  smaller. 
But,  since  a  relatively  large  amount  of  benzene  is  required 
to  produce  a  given  effect  on  the  detonation  factor,  the  actual 
percentage  of  reduction  in  the  amount  necessary  with  de- 
creasing molecular  weight  of  the  paraffin  fuel  is  not  large. 
A  simple  basis  for  determining  the  amount  of  benzene  it  is 
necessary  to  add  a  paraffin  fuel  in  order  to  obtain  a  given 
effect  is  as  follows:  Up  to  a  concentration  of  70  per  cent  by 
molecules,  the  effectiveness  of  benzene  for  suppressing  de- 
tonation varies  directly  as  the  square  of  the  molecular  con- 
centration (Fig.  3). 


New  Qualitative  Test  for  Uranium' 

By  Harold  D.  Buell 
Syracuse  University,  Syracuse,  New  York 

IN  testing  .slags  and  ores  containing  or  supposed  to  contain 
uranimn,  it  was  found  that  when  uranium  was  present 
zinc,  added  to  a  nitric  acid  solution  of  the  material, 
gave  a  yellow  deposit  on  the  zinc.  This  test  has  never  been 
recorded  in  the  literature.  It  is  very  simple  in  manipulation 
and  requires  no  special  caution  in  regard  to  acid  strength 
and   temperature. 

A  nitric  acid  solution  of  the  sample  is  prepared.  A  large 
excess  of  acid  is  to  be  avoided  because  the  reaction  may  be- 
come so  violent  as  to  boil  out  of  the  test  tube  and  an  un- 
necessary amount  of  zinc  will  be  used  up.  An  excess  of 
granulated  zinc  is  added  to  the  solution  and  the  reaction  is 
allowed  to  proceed  until  the  acid  is  spent,  when  a  yellow  de- 
posit appears  on  the  zinc.  If  the  reaction  is  too  violent  the 
acid  may  be  diluted;  if  too  slow,  more  acid  may  be  added. 
The  yellow  color  develops  more  rapidly  as  the  concentration 
of  uranium  is  increased,  but  always  appears  when  the  re- 
action completely  stops. 

The  same  yellow  deposit  was  obtained  from  an  aqueous 
solution  of  pure  uranyl  nitrate  crystals,  with  no  free  acid 
present.  The  color  did  not  develop,  however,  for  two  days, 
and  the  aqueous  solution  was  acid  to  litmus  as  a  result  of 
hydrolysis. 

In  a  solution  of  pure  uranyl  nitrate  crystals  with  enough 
free  nitric  acid  to  start  reaction  with  the  zinc,  it  was  possible 
to  detect  O.SS  mg.  of  uranium  per  cc.  of  solution.  By  con- 
centration of  the  solution  a  more  ^■ivid  color  was  obtained. 

Gold,  platinum,  thorium,  lead,  tungsten,  titanium,  chrom- 
ium, mercury,  and  copper  do  not  interfere  with  the  test. 
Iron  and  vanadium  interfere  only  when  present  in  large  quan- 
tities. In  the  latter  case,  the  spent  liquid  is  removed  as 
soon  as  action  has  ceased,  and  the  zinc  and  the  deposit  are 
treated  with  enough  nitric  acid  to  start  reaction.  The  de- 
posit dissolves,  but  reappears  when  the  acid  is  again  ex- 
hausted, and  vanadium  and  iron  remain  in  solution. 

The  test  is  not  applicable  in  the  presence  of  sulfuric  or 
hydrochloric  acids,  when  a  black  deposit  Ls  obtained.  The 
yellow  deposit  appears  only  in  an  oxidizing  solution  of  nitric 
acid,  for  uranyl  salts  are  readily  reduced  to  uranous  salts 
by  nascent  hydrogen.  This  should,  however,  serve  as  a 
preliminary  test  to  indicate  the  presence  of  uranium  at  the 
beginning  of  an  analysis,  rather  than  as  part  of  a  systematic 
scheme  of  qualitative  separation. 

From  the  hterature,  it  appears  that  the  deposit  is  UOs.- 
2II2O.  This  is  the  only  oxide  which  corresponds  in  color 
to  the  deposit  obtained. 

1  Received  February   10,  1922. 
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Carburetor  Adjustment  by  Gas  Analysis'' 

By  A.  C.  Fieldner^  and  G.  W.  Jones* 
Gas  LABOR.tTORv  Chemical  DmsioN,  Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 


The  following  paper  records  experimental  work,  on  the  determina- 
tion of  carbon  dioxide  in  exhaust  gas.  which  has  a  direct  bearing  on 
carburetor  adjustment. 

The  per  cent  carbon  dioxide  in  the  exhaust  gas  bears  a  direct 
relation  to  the  completeness  of  combustion  and  air-fuel  ratio. 

Curves  are  gioen  showing  the  carbon  dioxide  percentage  relation 
to  air-fuel  ratio  and  also  to  completeness  of  combustion,  both  by 
laboratory  and  road  tests. 


Characteristic  curves  are  given  of  two  types  of  carburetors  the  re- 
sults of  which  were  plotted  from  road  tests,  showing  how  the  air-fuel 
ratio  changes  with  change  of  mixture  rate  through  carburetor. 

Procedure  for  sampling  exhaust  gases  while  adjusting  carburetors 
on  the  road  are  gioen  and  a  portable  carbon  dioxide  indicator  is  de- 
scribed. 

Examples  of  carburetor  adjustment  by  gas  analysis  are  given. 


TESTS  made  by  the  Bureau  of  Mines  on  a  large  number 
of  motor  vehicle.?,  to  determine  the  amount  and  com- 
position of  the  exhaust  gases  produced  under  varying 
operating  conditions,  have  shown  that  the  average  automobile 
and  truck  as  used  in  service  waste  from  20  to  30  per  cent  of 
gasolme  by  incomplete  combustion.*  The  average  driver 
uses  a  rich  mixture,  wliich  does  not  contain  sufficient  air  to 
burn  the  gasoline  completely.  In  these  road  tests  the  average 
ratio  of  pounds  of  air  to  gasoline  was  found  to  be  approxi- 
mately 12.5  to  1.  Gasoline  as  used  at  the  present  time  re- 
quires approximately  15  lbs.  of  air  for  complete  combustion. 
Less  than  15  lbs.  of  air  causes  the  appearance  of  carbon  mon- 
oxide, hydrogen,  methane,  and  very  .small  quantities  of  un- 
saturated hydrocarbons  (0.1  per  cent  or  less  in  most  cases) 
in  the  e.xhaust  gas. 

The  heat  losses  due  to  combustibles  in  the  exhaust  gases  of 
the  motor  vehicles  tested  average  for  all  tests  approximately 
30  per  cent  of  the  heat  value  of  the  gasoline  used.  In  some 
instances  this  heat  loss  was  over  50  per  cent.  At  least  50 
per  cent  of  this  could  have  been  prevented  bj'  correct  car- 
buretor adjustment.  Gas  analysis  is  a  positive  method  for 
determining  the  completeness  of  combustion  and  thus  affords 
a  ready  means  of  adjusting  the  carburetor  for  maximum  econ- 
omy of  gasoline.  As  shown  by  the  curves  and  tests  that  fol- 
low, the  Carlson  dioxide  percentage  of  the  exhaust  gas  gives 
directly  the  air-fuel  ratio  of  the  gas  mixture  entering  the  engine 
and  percentage  of  completeness  of  combustion  that  has  taken 
place. 

Derivation  of  Air-Foel  II.\tio  and  Per  cent 
Completeness  of  Combustion  Curves 

The  air-fuel  ratio  for  maximum  power  at  full  load  ex-tends 
from  about  11  :  1  on  the  rich  side  to  15  :  1  on  the  lean  side. 
These  results  were  obtained  from  block  tests  with  a  19.6 
h.  p.  Lycoming  engine  at  a  speed  of  1000  r.  p.  m.  The  inlet 
air  temperature  varied  from  89°  to  101°  F.  and  the  cooling 
water  was  kept  at  150°  F.  It  is  seen  from  Fig.  1  that  the 
maximum  power  range  decreases  as  the  load  is  decreased  and 

'  Presented  before  the  Division  of  Industrial  and  Engineering  Chemis- 
try, at  the  63rd  Meeting  of  the  American  Chemical  Society,  Birmingham, 
Ala.,  April  3  to  7,  1922. 

*  Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines. 

'  Supervising  Chemist,  Pittsburgh  Experiment  Station,  U.  S.  Bureau 
of  Mines. 

*  Assistant  Chemist,  Pittsburgh  Experiment  Station,  U.  S.  Bureau 
of  Mines. 

'  A.  C.  Fieldner,  A.  A.  Straub  and  G.  W.  Jones.  "Gasoline  Ix>sses  Due 
to  Incomplete  Combustion  in  Motor  Vehicles."  Tins  Journal.  13  (1921). 
.■>1;  J.  Soc.  .iutomolive  Eng..  8  (1921).  295;  Bur.  .Mines,  Rfpls.  Invesliea- 
Horn,  IMS. 


is  from  11.5  :  1  to  14  :  1  at  the  lowest  loads  shown.  Berry^ 
and  others  have  olitained  curves  of  a  similar  nature  which  were 
based  on  actuallj-  measuring  the  air  and  gasoline  supplies 
instead  of  on  exhaust  gas  analysis.  The  air-fuel  ratios  for 
the  above  curve  were  obtained  by  calculation  from  a  complete 
analysis  of  the  exhaust  gas  and  the  carbon  content  of  the  gaso- 
line used. 

The  following  formula  was  used  for  computing  the  air-fuel 
ratio : 

a  X  b  X  0.0764 


where 


Lbs.  of  air  per  lb.  of  fuel 

0.0317  (c  -f-  rf  -f  e)  X  0.791 
percentage  of  carbon  in  fuel. 


b  =  percentage  of  nitrogen  by  volume  in  exhaust  gas. 
c  =  percentageof  carbon  dioxideby  volume  in  exhaustgas. 
d  =  percentage  of  carbon  mono.xide  by  volume  in  exhaust 

gas. 
e  =  percentage  of  methane  by  volume  in  exhaust  gas. 
0.0764  =  wt.  of  1  cu.  ft.  of  air  at  60°  F.  and  29.92  in.  Hg. 
0.0317  =  wt.  of  carbon  in  1  cu.  ft.  of  COo,  CO  or  CH^ateO"  F. 

and  29.92  in.  Hg. 
0.791     =  percentage  of  nitrogen  in  normal  air. 
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Fig.  2  gives  the  brake  thermal  efficiencies  obtained  under 
the  same  conditions  as  given  for  the  tests  shown  in  Fig.  1. 
The  curve  shows  that  at  wide  oi^en  throttle  positions  maxi- 
mum efficiency  is  obtained  at  an  air-fuel  ratio  of  16.5  to 
17.5  :  1,  while  at  lighter  loads  the  value  decreases  to  around 

•  O.  C.  Berry.  "Mixture    Requirements   of    Automobile    Engines,"  J, 
Soc.  Aulomotivt  Eng..  5  (1919).  364. 
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13.5  ;  1.  Thermal  efficiency  is  a  measure  of  the  relative 
mileage  which  may  be  obtained  from  a  given  quantity  of  fuel. 
To  obtain  high  mileage  the  carburetor  adjustment  should  he 
at  a  higher  air-fuel  ratio  than  that  for  maximum  power. 
Power  must  be  sacrificed  to  some  degree  in  securing  the  great- 
est mileage.  However,  an  air-fuel  ratio  may  be  chosen  which 
will  give  reasonably  good  economy  of  gasoline  and  at  the  same 
time  not  sacrifice  power  and  flexibility  appreciably.  Several 
cars  tested  by  the  Bureau  showed  that  an  air-fuel  ratio  of 
13.7  to  14.7  :  1  can  be  obtained  with  flexible  and  easy  opera- 
tion. Each  particular  type  of  car  has  a  maximum  air-fuel 
ratio  at  which  it  can  be  operated  satisfactorily.  The  temper- 
ature of  the  intake  air,  type  of  carburetor,  design  of  the 
manifold,  velocity  of  the  air-fuel  mixture,  and  turbulence  in 
the  engine  govern  the  leanest  mixture  which  may  be  used. 

The  relation  of  the  air-fuel  ratio  to  the  percentage  of  carbon 
dioxide  in  the  exhaust  gas  is  sho«Ti  in  Fig.  3.  This  curve 
was  obtained  from  laboratory  block  tests  with  only  one  type 
of  gasoline.  The  region  for  maximum  power,  perfect  com- 
bustion, and  limit  of  maximum  thermal  efficiency  are  given 
as  found  by  Figs.  1  and  2.  The  perfect  combustion  line 
is  the  theoretical  ratios  of  air  to  gasoline  for  complete  com- 
bustion found  by  analysis  of  the  gasoline. 
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I'"'ig.  4  .shows  a  curve  obtained  by  plotting  the  carbon 
dioxide  jiercentages  and  air-fuel  ratios  obtained  in  road  tests 
under  different  conditions  of  operation,  using  different  types 
of  motor  vehicles  and  many  different  grades  of  gasoline.  It 
may  therefore  be  taken  as  an  average  curve  for  the  present- 
day  grade  of  gasoline  and  may  serve  as  a  basis  for  carburetor 
adjustment  by  gas  analysis.  Most  of  the  points  occur  at 
air-fuel  ratios  for  rich  adjustments.  This  curve  follows  closely 
the  curve  oiitaincd  from  the  laboratory  block  tests  to  the  point 
for  complete  cotnbustion. 

By  determining  cari)on  dioxide  in  the  exhaust  gas  the  air- 
fuel  ratio  can  be  read  from  the  curves  and  the  carburetor  may 
be  adjusted  accordingly. 

Relation  between  Per  cent  Completeness  of 

Combustion  and  Per  cent  Carbon 

Dioxide  in  the  Exhaust  Gas 

The  exhaust  gas  from  different  gasolines  should  contain 
from  14  to  14.5  per  cent  carbon  dioxide  at  complete  com- 
bustion of  a  theoretically  correct  mixture  with  air  (without 
excess  of  either  gasoline  or  air).  As  the  combustion  becomes 
less  complete  or  the  air  is  supplied  in  excess  of  that  required, 
the  percentage  of  carbon  dioxide  decreases  proportionately. 
It  is  therefore  possible  to  construct  curves  showing  the  rela- 
tion between  the  percentage  carbon  dioxide  and  completeness 


iG.  4 — Showing  Relation  between  COt  Per  cent  in  Exhaust  Gas 
AND  AiK-FuEL  Ratio  Points  on  Curve  Taken  from  Tests  under 
Actual  Road  Conditions  Made  on  101  Motor  Vehicles  Using  Dif- 
ferent Brands  op  Gasoline 


of  combustion.  These  curves  may  then  be  used  in  estimating 
the  completeness  of  combustion  from  a  carbon  dioxide  de- 
termination in  the  same  manner  as  the  power  plant  engineer 
checks  up  the  efficiency  of  combustion  in  a  boiler.  Fig.  5 
shows  such  a  curve,  the  points  of  which  were  taken  from 
tests  made  with  53  trucks  of  1.5-  to  5-ton  capacity  and 
tested  at  10  mi.  per  hr.  up  a  3  per  cent  grade  under  summer 
conditions.  The  curve  shows  at  a  glance  the  wide  range 
of  combustion  efficiency  found  with  different  trucks  operated 
under  the  same  conditions.  In  some  cases  about  45  per  cent 
of  the  heat  value  of  the  gasoline  passes  out  in  the  exhaust 
as  a  result  of  rich  carburetor  adjustment. 

The  percentage  completeness  of  combustion  of  these  tests 
was  calculated  by  the  following  formula,  making  use  of  the 
exhaust  gas  analysis  and  ultimate  analysis  of  the  fuel : 

Calculations  for  Determining  Completeness  of  Combustion 

From  the  ultimate  analysis  of  the  gasoline  by  weight: 

Per  cent  hydrogen  X  0.5     ratio    of    water   vapor  to   carbon   dioxide   by 

Per  cent  carbon  X  0.0S33     ~      volume  on  complete  combustion   =  A. 
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14,S40  B.  t.  u.  andthat  of 

per  cent  heat  units  due 

to  carbon  =  B. 

percent  heat  units 
—   due  to  hydrogen 


Taking  the  heat  of  combustion  of  ca 
hydrogen  as  62.000  B.  t.  u.. 

14.540  X  percent  carbon 
( t4,,540  X  per  cent  carbon)  +  62.000  X  hydrogen 

62.000  X  per  cent  hydrogen 
14..S40  X  per  cent  carbon  +  62,000  X  percent  hydrogen 

From  gas  analysis  by  volume: 
Per  cent  CO3  +  2CO  +  percent  CHi  =  volume  carbon  containing  gases  =  D. 
Per  cent  CO;  +  (0.3  X  per  cent  CO)         _  completeness  of   combustion 
Per  cent  COi  +  per  cent  CO  +  per  cent  CH«  of  carbon  =  E. 

D  X  A  =  equivalent  volume  of  water  vapor  formed  on  complete  combus- 
tion. 

per  cent  Hi  +  per  cent  CH<    _    completeness    of   combustion    of 
hydrogen  =>  F. 


I  -- 


Hen 


D  X  A 

.  completeness  of  c 


nbustion  of  gasohne  =  (B  X  E)  +  CCC  X  F). 


The  factors  A,  B,  and  C  are  practically  constant  for  any 
given  grade  of  ga.solinc.  Tiiis  greatly  simplifies  the  calcula- 
tions when  a  series  of  tests  are  made. 

Sampling  Exhaust  Gases 

The  exhaust  gas  should  be  sampled  from  the  exhaust  pipe 
at  a  point  between  the  engine  and  the  muffler.  The  location 
should  be  as  near  the  muffler  as  possible  in  order  that  the 
gases  from  the  different  cylinders  may  have  the  maximum 
mixing  before  sampling. 

If  samples  are  taken  from  the  muffler  they  may  become 
contaminated  with  air  due  to  leakage,  and  in  some  types  of 
motor  vehicles  the  pressure  may  not  be  sufficient  to  cause  the 
exhaust  gas  to  flow  through  the  .sampling  arrangement. 

CARBuuETon  Adjustment 

To  adjust  a  carburetor  by  gas  analysis,  tests  should  bo 
made  on  the  road  under  the  different  conditions  under  which 
the  automobile  or  truck  is  driven  by  the  operator.  The 
automobile  should  be  run  until  it  is  thoroughly  warmed  up 
and  operating  satisfactorily  and  then  tested  at  a  given  speed, 
say  20  mi.  per  hr.  on  the  l(>vel,  by  taking  cxhau.st  gas  samples 
and  analyzing  for  carbon  dio.xide  content.  By  referring  to 
Fig.  4  the  air-fuel  ratio  can  be  obtained.  Should  the  per- 
centage of  carljon  dioxide  lie  low,  the  carburetor  is  given  a 
slightly  leaner  adjustment  and  again  tested,  and  a  record  is 
kept  of  the  carbon  dioxide  jiercentage  and  carl)uretor  ad- 
justment for  each  test.  If  the  carburetor  has  two  or  more 
independent  adjustments  they  should  be  investigated  sepa- 
rately to  determine  the  effect  of  each  adjustment  at  the  given 
speed.  When  the  highest  carbon  dioxide  percentage  con- 
sistent with  flexible  operation  at  this  speed  has  been  obtained, 


the  automobile  should  be  tested  at  other  speeds  and  a  record 
kept  of  the  carbon  dioxide  percentages  and  carburetor  settings. 
Then,  by  plotting  the  carbon  dioxide  percentages  found 
at  the  different  speeds,  the  carburetor  setting  giving  the 
highest  average  carbon  dioxide  percentage  at  the  different 
speeds  and  also  flexible  operation  should  be  chosen  as  the  best 
adjustment. 

If  a  characteristic  curve  of  the  carburetor  being  tested  is 
known,  only  one  test  is  necessan,'  to  adjust  for  most  conditions 
under  which  the  automobile  may  be  used.  Fig.  6  shows  such 
a  curve  of  the  metering  pin  type  of  carburetor  and  gives  the 
air-fuel  ratio  which  the  carburetor  meters  into  the  engine  at 
the  different  mixture  rates  passing  through  the  carburetor. 
The  curve  was  obtained  by  averaging  the  tests  from  three 
automobiles  using  this  type  of  carburetor  and  shows  that 
as  the  velocity  of  gas  mixture  increases  the  air-fuel  ratio 
likewise  increases  to  a  certain  point,  above  which  it  remains 
fairly  constant.  This  particular  carburetor  gives  the  needed 
rich  mixture  at  low  velocities  for  flexibility  in  dri\nng  at  low 
speeds  and  then  increases  the  air  ratio  as  the  speed  increases, 
which  permits  economy  of  gasoline. 

The  tests  made  on  these  three  automobiles  gave  low  per- 
centages of  carbon  monoxide,  good  mileage,  and  high  values 
for  completeness  of  combustion.  The  carbon  dioxide  per- 
centage in  the  exhaust  gas  is  over  12  per  cent  at  mixture  rates 
over  9  cu.  ft.  per  min.  In  adjusting  a  carburetor  of  this 
type  it  is  necessarj',  having  the  characteristic  curve  as  shown 
in  Fig.  0,  oiJy  to  test  the  car  at  one  speed,  say  at  20  mi.  per 
hr.  on  level  grade,  and  to  adjust  the  carburetor  to  give  a  car- 
bon dioxide  percentage  of  12.5,  as  shown  in  Fig.  6.  At  low 
speeds  and  idling  positions  the  mixture  is  rich  enough  to  give 
good  operation. 
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Fig.  7  gives  a  similar  curve  sh( 
a  surface  evaporation  type  of  cai 
ity  increases,  the  mixture  becom( 
the  air-fuel  ratio  should  go  the  oi 
the  mixture  is  leaner;  it  should 
qualities  and  light  loads.    Undci 


^ing  the  characteristics  of 
I  iirctor.    As  the  air  veloc- 

richer,  while  for  economy 
her  way.    At  low  velocity 

he  richer   for  good  idling 

the  usual  driving  condi- 
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in  Fig.  8.  In  the  upper  end  of  this  jet  are  several  very  fine" 
holes  evenly  spaced  about  the  top  at  an  angle  of  4.5°  with  the 
horizontal.  From  these  holes  dilute  caustic  soda  solution 
is  forced  out  of  the  jet  for  absorbing  the  carbon  dioxide. 
From  the  bulb  of  the  Ijuret  extends  a  slender  tube  of  the 
proper  size  to  cover  the  carbon  dioxide  percentages  which 
may  be  found  in  the  usual  type  of  gases.  For  exhaust  gases 
the  scale  extends  from  5  to  14.5  per  cent.  For  gas  which  may 
have  a  higher  carbon  dio.vide  content  a  tube  slightly  larger 
in  diameter  must  be  used. 

C  and  H  are  wide-mouth  bottles  of  500-cc.  capacity; 
J  is  a  250-cc.  wide-mouth  bottle.  The  buret  and  bottles 
with  capillary  connections  and  rubber  tubing  are  mounted 
on  a  suitable  stand,  as  shown  in  Fig.  9. 

Bottle  C  is  filled  to  the  point  indicated  in  the  figure  with  5 
per  cent  sulfuric  acid  solution.  The  height  may  vary  some- 
what without  appreciably  affecting  the  accuracy  of  analysis, 
but  sufficient  solution  must  be  present  to  form  a  seal  for  the 
lower  end  of  the  buret  when  the  buret  is  filled  with  liquid 
and  ready  for  taking  a  sample.  The  dilute  acid  solution  is 
introduced  into  C  by  removing  the  small  glass  plug  B  and 
slipping  a  piece  of  hollow  glass  tubing  into  the  rubber  con- 
nection at  B  the  other  end  of  which  dips  into  the  reserve 
supply  of  solution.  By  suction  on  tube  A,  the  acid  Is  drawn 
into  bottle  C  until  filled  to  the  proper  height.  The  glass 
tubing  is  then  removed  and  the  glass  plug  reinserted. 

Bottle  J  is  fiDed  with  a  10  per  cent  caustic  soda  solution  by 
remo\ang  glass  plug  M  and  inserting  a  small  funnel  in  its  place. 

Enough  water  is  poured  into  bottle  H  to  form  a  water  seal 
with  the  rubber  tube  extending  into  the  bottle  from  G. 
After  the  caustic  soda  solution  is  blown  to  the  tip  of  jet  K 
by  blowing  on  rubber  tube  L  and  opening  pinch  clamp  T 
the  indicator  is  ready  for  use. 


tions  the  carbon  dioxide  percentage  cannot  be  increased  so 
high  as  that  shown  in  Fig.  6,  for  the  mixture  would  be  too 
lean  at  low  speeds  to  give  satisfactory  operation.  Until 
curves  similar  to  the  above  are  obtained  by  actual  road 
tests  for  each  type  or  class  of  carburetor  definite  methods 
or  values  for  percentage  of  carbon  dioxide,  which  the  exhaust 
gas  should  contain,  cannot  be  given.  The  two  above  curves 
are  given  as  examples  to  show  the  types  of  curve,  one  of 
which  gives  very  good  mileage,  completeness  of  combustion, 
operation,  and  carbon  dioxide  analysis,  and  the  other  in 
which  the  carburetor  functions  in  the  wrong  direction  and 
makes  it  very  difficult  to  get  a  good  combustion  efficiency. 

Carbon  Dioxide  Lvdicatoh 

A  carbon  dioxide  indicator  for  adjusting  carburetors  on  the 
road  has  been  devised,  by  means  of  which  the  exhaust  gas 
sample  is  taken  directly  into  the  buret  while  the  car  is  in 
motion  and  the  carbon  dioxide  percentage  is  determined 
while  stopping  until  the  analysis  is  made,  or  on  smooth  roads 
while  the  car  is  in  motion. 

The  indicator  was  designed  to  be  as  nearly  leak-proof  as 
possible  and  easily  and  speedily  operated  by  the  lajTnan, 
yet  accurate  within  the  limits  of  sampUng  the  gases. 

Two  minutes  are  required  to  sample  and  analyze  the  gas, 
a  marked  saving  in  time  over  the  usual  method.  The  time 
is  so  short  that  temperature  changes  do  not  affect  the  result 
appreciably. 

Tar  and  soot  in  the  exhaust  gas  do  not  clog  the  indicator 
because  its  only  stopcock  has  a  large  (6-mm.  bore)  opening. 

The  only  special  part  of  the  indicator  is  the  buret,  which 
is  provided  with  a  rugged  stopcock  having  large  openings  in 
the  plug  and  connecting  branches  to  give  an  easy  passage  for 
the  gas.  Below  the  stopcock  is  the  body  of  the  buret,  which 
has  a  glass  jet  extending  nearly  to  the  top  of  the  bulb  as  shown 


To  make  a  determination  cock  E  is  turned  to  the  position 
as  shown  in  section  A-A  (Fig.  8),  and  by  blowing  in  rubber 
tube  A,  liquid  is  forced  into  the  buret;  when  the  Uquid  reaches 
cock  E,  it  is  turned  180°,  thus  filling  the  buret  completely 
with  the  liquid.  Fig.  10  shows  the  arrangement  for  sampling 
the  exhaust  gas  from  a  motor  vehicle  while  in  motion.  The 
gas  coming  through  the  exhaust  tube  causes  a  stream  of  gas 
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Table  I — Tests  on  Ford  Touring  Car 


Weather- 

-clear; 

temperature— 

-68°  F.;    humidity— 65. 

All  tests 

nade  o 

'er  a  l-o 

ni.  CO 

irse  and  up  an  average  3 

per  ce 

nt  grade. 

Course  wa 

s  macadamized 

and  in 

good  condition. 

Mi. 

Gasolii 

e 

Mi. 

EST      per 

Used 

' — Exhaust 

Gas  Analysis^ 

per 

Increase 

>ro.       Hr. 

Cc. 

COs 

(h 

CO       CH,     H,   Tested 

Gal. 

Per  cent 

1        15.1 

278 

7.4 

2.1 

10.3     0.2     5.3        B 

13.0 

2       15.6 

222 

11.5 

2.0 

4   1     0.0     1.8        A 

17.0 

23!5 

3        19.4 

235 

11.0 

2.0 

4  S     0.0     2  4        .\ 

16.0 

4        18.8 

290 

7  2 

2.4 

no     0.0     6.4        B 

13.0 

23!i 

to  pass  through  cock 
E  and  out  through 
the  water  seal  H. 
When  the  automo- 
bile is  operating  at 
the  desired  speed  a 
sample  is  taken  into 
the  indicator  by  turn- 
ing cock  E  to  the 
left  90°,  thus  allow- 
ing the  Hquid  in  the 
buret  to  fall  and  pull 
in  a  sample  of  gas. 
The  exhaust  pressure 
is  sufficient  to  force 
the  gas  out  through 
the  bottom  of  the 
buret  into  bottle  C. 
Cock  E  is  then  turned 
90°  to  the  right  and 
the  gas  in  the  buret 
allowed  to  stand  30 
sec.  to  permit  the  gas 
to  come  to  the  sur- 
rounding temperature 
and  allow  the  buret 
to  drain.  Allowing 
the  gas  to  stand  and 
cool  draws  some  liq- 
uid from  C  into  the 
bottom  of  the  buret 
on  account  of  con- 
traction  of    the  gas. 


Table  II — Tests  Made  on  Six-Cylinder  Car 

Weather — clear;    temperature — 65°  F.;    humidity — 60. 

All  tests  made  over  a  1-mi.  course  and  up  an  average  3  pei 

Course  macadamized  and  in  good  condition. 


Gasoline 
Used 
Cc. 

403 
370 
318 
418 
345 


CO. 

8.7 


Air- 
Fuel 
Ratio 
11.4 
12.0 
13.8 
11.4 
13.4 


9.4 
10.2 
11.9 

9.0 
10  9 


At  the  end  of  -30  sec.  cock  E  is  turned  90°  to  the  left,  and 
enough  gas  is  allowed  to  enter  to  bring  the  gas  volume  exactly 
to  the  bottom  of  the  buret.  E  is  then  turned  90°  to  the  right. 
There  is  now  a  definite  measured  volume  of  gas  in  the  buret 
at  the  temperature  of  the  indicator.  Caustic  soda  is  forced 
into  the  buret  from  the  jet  K  by  blowing  on  L  and  at  the  same 
time  opening  pinch  clamp  T.  Six  separate  small  charges  or 
more  of  the  caustic  soda  solution  are  forced  into  the  buret 
in  succession,  allowing  sufficient  tune  for  the  caustic  solution 
to  drain  down  the  buret  before  the  next  charge  is  introduced. 
An  interval  of  10  sec.  has  been  found  sufficient.  The  highest 
point  reached  by  the  solution  is  the  correct  reading. 

The  indicator  is  made  ready  for  another  analj^sis  by  again 
blowing  into  tube  A  and  filling  the  buret  as  previou.sly  di- 
rected. The  dilute  sulfuric  acid  solution  in  C  when  forced 
into  the  buret  neutralizes  the  caustic  soda  solution  each  time 
so  there  is  no  absorption  of  carbon  dioxide  when  the  sample 
is  being  taken  and  brought  to  the  surrounding  temperature. 

A  small  amount  of  solution  is  blown  each  time  over  into 
bottle  H  when  the  buret  is  filled  so  that  the  liquid  height  in 
C  is  kept  apijroximately  at  the  same  level  in  C. 

A  few  drops  of  phenolphthalein  solution  are  added  to  the 
caustic  soda  solution  which  turns  the  solution  in  C  pink 
when  it  has  become  exhausted. 

The  bottle  J  holds  sufficient  caustic  solution  to  make  from 
25  to  35  determinations,  depending  on  how  economically 
the  solution  is  used. 

It  is  very  necessary  when  the  first  charge  of  caustic  soda 
solution  is  blown  into  the  buret  that  only  enough  pressure  is 
applied  barely  to  cause  the  caustic  solution  to  run  down  the 
sides  of  the  jet,  othermse  a  small  bubble  of  gas  will  be  blown 
out  of  the  bottom  of  the  buret  and  this  in  turn  will  give  too 
large  a  percentage  indication  of  carbon  dioxide. 

Laboratory  tests  show  the  indicator  to  be  accurate  to  0.2 
per  cent  with  carbon  dioxide  contents  of  14  per  cent  and  more 
accurate  at  lower  percentages.  On  actual  road'  tests  with 
automobiles  where  conditions  are  very  unfavorable,  as  a 
result  of  temperature  changes  and  the  jolting  action  of  the 
machine  in  motion,  the  error  may  be  as  high  as  0.5  per  cent. 
This,  however,  is  within  the  accuracy  of  taking  samples  under 
these  conditions. 

The  following  samples  show  the  gain  in  mileage  which  can 
be  obtained  by  proper  carburetor  adjustment. 

Table  I  shows  tests  made  on  a  Ford  automobile.  The 
driver  had  used  the  adjustment  showm  in  test  for  some  time. 
By  adjusting  the  carburetor  to  give  a  higher  carbon  dioxide 
percentage,  as  shown  in  Test  2,  the  mileage  was  increased  23.5 
per  cent. 

Table  II  shows  results  obtained  with  a  six-cylinder  auto- 
mobile. By  adjusting  the  carburetor  to  give  a  carbon 
dioxide  percentage  as  shown  in  Test  3  a  marked  increase  in 
mileage  was  accomplished. 


Table  III — Tests  Made  on  an  Eiqht-Cyundbr  Automobile 


Hr. 

14.7 

15.0 
15.0 
14.8 
14.8 
14.6 
15.0 
15.0 


Gasoline 
Used 

570 

473 
453 
453 
435 
422 
422 


8.0 
8.3 
8.3 
8.7 
8.9 
8.9 
8.5 


COi 
8.9 

11.7 

II. S 

11.9 

12.2 

12.3 

12  4 


-Exhaust  Gas  Analysis- 


3.1 
2.2 
2.1 
1.6 
1.4 
1.0 
1.2 


1.0 

0.6 
0.7 
0  3 
0  2 
0.0 
0.0 


0.5 
0.5 
0.4 
0.4 
0.4 
0  4 
0.3 


Carburetor   Ad- 
justment 
A  at  3.5 

B  i/<  turn  to  right 
A  1.3  turns  to  left 
B  same  as  Test  10 
A  1.5  turns  to  left 
B  same  as  Test  lU 
A  1.7  turns  to  left 
B  same  as  Test  10 
A  same  as  Test  3 
B  2  turns  to  left 
A  1.9  turns  to  left 
B  same  as  Test  4 
A  2.1  turns  to  left 
B  same  as  Test  5 


443  8.5  11. fi  2.8 

A  =  Air  valve  adjustment;  B  =  Gasoline  adjustment. 

Test  10  gives  the  adjustment  of  carburetor  that  had  been  used  previous  to  tests. 

The  carburetor  was  then  adjusted  by  exhaust  gas  analysis  to  give  as  high  CO2  content  as  possible  and  still  be  easy  to  operate. 

Tests  were  then  made  over  the  1-mi,  course  and  up  a  3  per  cent  grade  to  determine  the  maximum  efficiency  which  might  be  obtained.     Tests  I  to  6  give 
results  of  these  tests.     The  car  was  aflerwards  operated  at  adjustment  as  i;ivcn  under  Test  4. 
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Table  III  shows  results  obtained  with  an  eight-cylinder 
automobile.  The  adjustment  which  has  been  used  pre^^ous 
to  the  tests  is  given  by  Test  10.  By  readjusting  the  carbu- 
retor the  mileage  wasMncreased  as^shown.     The  adjustment 


shown  by  Test  6  was  found  to  be  too  lean  when  tested  at  low 
speed  on  hills  and  the  carburetor  was  changed  back  to  the 
setting  given  by  Test  4  and  operated  at  that  adjustment 
satisfactorily. 


Table  IV — Effect  of  Carburetor  Adjustment  on  Gasoline  Consumption  and  Exhaust  Gas  Analysis  on  Loaded  3.S-Ton  Trdck 

Truck  equipped  with  a  4-cylinder,  3V<-in.  bore  X  5V<-in-  stroke  L  head  motor,  having  a  White  carburetor  containing  low  and  high  speed  nozzles  of  fixed  size. 
The  carburetor  was  not  heated,  the  inlet  air  to  carburetor  was  partly  heated,  and  portion  of  the  intake  manifold  is  cast  in  cylinder  block.  The  total  weight 
of  loaded  truck  was  8.55  tons.     In  was  geared  13.3  to  1  in  high  gearand  governed  for  maximum  speed  of  15  mi.  per  hr.     Tests  were  conducted  at  15  and  10  i  ' 


per  hr.  up  3  per  cent  grade  and  on  level  i 
57.4°  B6..  distiUation  10  per  cent— 198° 


Carb. 
Low 


0.032 
0.032 
0.033 
0.033 
0.037 

0.032 
0.032 
0.033 
0.033 
0.037 

0.032 
0.032 
0.033 
0.033 
0.037 


Setting 

Nozzles 

High 


0.032 
0.035 
0.03S 
0.040 
0.046 

0.032 
0.035 
0.038 
0.040 
0.046 

0.032 
0.035 
0.038 
0.040 
0.046 


0.032 
0.032 
0.033 
0.033 
0.037 
I  Changed  gears. 


0.032 
0.035 
0.038 
0.040 
0.046 


1530 
1360 
1577 
1547 
1734 

1096 
1067 
1090 
1117 


1655 
1642 
1662 
1669 
1642 

1156 
1143 
1143 
1130 
1133 


ade,  of  dry  pavement.     Choke  on  carburetor  aii  was  left  wide  open 
F.;  SO  per  cent — 262°  F.:  dry — 433°  F.;  average  275°  F. 
Gasoline 
Consumption 
Gal.  Mi. 

per  per  . — Exhaust  Gas  Analysis,  Per  cent 

O2  CO  CH. 


all  tests  which  were  conducted  with  gasolin 


Gal.  COj 

ResuUs  of  lesls  at  15  mi. 

0.2871              3.48  10.8 

0.2741               3.65  11.6 

0.2805              3.57  10.4 

0.3373              2.96  9  0 

0.4679              2.14  5.8 
ResuUs  of  lesls  al  10  mi 


per  hr.  up  3  per  cent  grade 

0.4  3.1  0.8 

0.3  4.5  0.4 

1.3  4.6  0.9 

0.3  7.9  0.6 

1.0  13.4  1.4 

per  hr.  up  3  per  cent  grade 


0.3007 
0.2780 
0.2871 
0.3060 
0.3770 

0.1780 
0.1756 
0.1770 
0.1907 
0.2928 

0.1727 
0.1727 
0.1743 
0.1803 
0.3001 


3.33 
3.60 
3.48 
3.27 
1.99 


10.9 
U.9 
10.8 
10.0 
3.9 


Results  of  tests  at  15  n 
5.61  11.0 

5.69  11.6 

3.63  10.9 

3.24  9.3 

3.42  5.9 

Results  of  lesls  at  10  1 


4.6 
3.1 

4.5 
6.4 
12.5 
level  grade 
3.3 
3.8 
4.1 


i.  per  hr.  level  grade 


3.78 
5.78 
5.73 
5.54 
3.33 


11.0 
12.3 

11.5 
9.5 
5.4 


10. 


0.7 
0.6 
0.7 
0.6 


0.3 
0.6 
0.5 
0.8 


0.9 
1.0 
2.6 


1.9 
1.4 

1.4 
3.7 


0.7 
1.0 
3.0 


82.2 
82.0 
77.7 
73.0 


Lb.  Air 
per  Lb. 
Gaso- 
line 


12.6 
12.7 
13.2 


13.0 
13.7 
13.1 
12.0 
9.2 

12.4 
13.3 
13.6 


12.8 
13.6 
13.0 
11.7 


Per  cent 
Complete- 
ness of 
Combustion 


did  not  ba 


:  mixture  1 


Remarks 
vas  not  lean  enough  with  any  adjustment  to  decrease  power  sufficiently  so  that  the  truck  would  not  meet  conditions  of  tests.     The  motor 
1  any  test  after  becoming  thoroughly  warmed,  with  air  choke  wide  open.     On  tests  with  0.032-in.-0.032-in.  nozzles  in  carburetor  (smallest 
used")   the  truck  did  not  possess  the  flexibility  in  operation  it  did  with  other  adjustment,  not  being  as  sensitive  to  throttle  changes. 

With  0.037-in.-0.046-in.  nozzles  in  carburetor  the  mixture  was  too  rich  and  the  motor  did  not  develop  its  normal  power.     W  ith  this  adjustment  the  truck 
would  not  ascend  3  per  cent  grade  at  10  mi.  per  hr.  in  fourth  gear;  the  last  part  of  this  test  was  run  in  third  gear. 
Nozzles  0.033  in.-0.040  in.  are  supplied  by  mai 


ufacturers  as  standard  for  this  truck  for  the  Pittsburgh  district. 
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Table  IV  shows  tests  made  on  a  loaded  3.5-ton  truck  in 
which  the  carburetor  was  of  the  fixed  jet  type.  Different 
jets  were  tested  under  the  conditions  given  in  the  table. 
A  marked  saving  of  gasoline  is  possible  by  choosing  the 
proper  jets  to  give  better  combustion  without  losing  power. 


Table  V  shows  tests  made  on  a  5-ton  loaded  truck  equipped 
with  a  carburetor  having  adjustable  and  low  speed  jets. 

Table  VI  shows  tests  made  on  a  5-ton  loaded  truck  equipped 
with  the  jets,  one  for  idling  and  one  for  high  speeds. 


Table  V — Effect  of  Carburetor  Adjustment  on  Gasoline  Consumption  and  Exhaust  Gas  Analysis  of  Loaded  5-Ton  Truck 

Truck  was  equipped  with  a  4-cylinder  5-iii.  bore  X  6-in.  stroke  L  head  motor  having  a  Zenith  carburetor  containing  one  nozzle  for  idling  and  lower  speeds, 

a  main  and  compensating  nozzle  for  high  speeds.     The  size  of  the  low  and  high  speed  nozzles  for  different  tests  were  changed.     The  carburetor  was  not 

heated;  inlet  air  was  partly  heated;  and  a  very  small  portion  of  the  intake  manifold  was  cast  in  the  cylinder  block.     The  total  weight  of  the  truck  loaded  was 


11.8  tons.     It  was  geared  10. .S  to  1  in  high  gear  and  governed  foi 
up  3  per  cent  grade  on  dry  asphalt  pavement.     Choke  on  carburet' 
tUlation  10  per  cent— 198°  F.;  50  per  cent— 262°  F.;  dry — 433°  F.; 

Gasoline 


speed  of  12  mi.  per  hr.     Tests  were  conducted  at  speeds  of  10  a 
;  left  wide  open  on  all  tests  which  were  conducted  with  gasolin 


Carb. 


120 
125 
130 


120 
125 
130 
135 


Setting 

Nozzles 

High 


130 
140 
145 
150 


966 
964 
950 


586 
456 
548 
514 


ConsuE 
Gal. 
per 


0.3207 
0.37.38 
0.3675 
0.4089 

0.3809 
0.4445 
0.4517 
0.5254 


iption 
Mi, 


Gal.  COj 

Results  of  tests  al  to  1 
3.12  12.4 

2.67  11.9 

2.72  9.3 

2.44  8.8 

Results  of  tests  at  6  n 
2 . 62  9.7 

2.25  8.1 

2.21  7.1 

1.90  6.2 


-Exhaust  Gas  Analysis,  Per  cent 


CO  CH4 

.  up  3  per  cent  grade 

2.0  0.7 

4.1  0.7 
6.9  0.9 
8.4              0.7 

,  per  hr.  up  3  per  cent  grade 
0.3  6.7  0.8 

0.4  9.4  0.6 

0.4  11.1  0.7 

0.4  12.8  1.0 


1.1 
0.2 
0.6 
0.4 


0.5 
1.4 
2.9 
3.5 

3.0 

4.7 
5.6 
7.2 


Lb.  Air 
per  Lb. 
Gaso- 


15.0 
13.3 
12.6 
11.9 


Remakes 
The  oil  was  carried  high  in  crank  case  on  these  tests  as  it  was  considered  somewhat  light  for  the  motor.    This  caused  the  exhaust  to  be  slightly  smoky, 
rhe  nozzles  125-140  are  supplied  by  manufacturers  as  standard  for  Pittsburgh  district  for  this  truck. 


Table  VI — Effect  of  Carburetor  Adjustment  on  Gasoline  Consumption  and  Exhaust  Gas  Analysis  of  Loaded  5-Ton  Truce 


•ith 


ylinder  5-in.  bore  X  6-in.  stroke  L  head  motor  having  a  Stromberg  Model  G  3  carburetor  with  adjustable  low  and  high  speed 
not  heated;  inlet  air  was  partly  heated;  and  a  very  small  portion  of  the  intake  manifold  was  cast  in  the  cylinder  block.    The 


total  weight  of  the  truck  loaded  was  11.8  tons.     It  was  geared  10.5  to  1  in  high  gear  and  governed  for  a 
at  speeds  of  10  and  6  mi.  per  hr.  up  3  per  cent  grade  on  dry  asphalt  pavement.    Choke  on  carburetor  air  was  left  wide  op 
with  gasoline  57.4°  Be.;  distillation  10  per  cent — 198°  F.;  50  per  cent — 262°  F.;  dry — 433°  F.;  average  275°  F. 
Gasoline 
Consumption 
Gal.  Mi. 

per  . — —Exhaust  Gas  Analysis,  Per  cent  by  Volume- 


LOH 


IV. 
1V« 
I'A 


•/« 


Setting 
Nozzles 
High 


Motor 


967 
985 
978 
978 
964 


per 

Mi. 

0,3627 
0 . 3492 
0.3727 
0.4071 
0.4515 
0.5011 
0.6187 


Gal.  COs 

Results  of  tests  at  10  i 
2.75 


CO 

.  per  hr.  up  3  per  i 


11.4 
10.4 
9.9 

8.4 


l'/« 


566 
501 
516 
539 
524 
539 
(') 


0.4258 
0.4467 
0.4541 
0.4726 
0.5379 
0.6163 
0.7516 


2.87 

2.68 

2.46 

2.21 

2.00  7.8 

1.62  6.7 

Results  of  tests  at  6 

2.35  8.8 

8.0 
8.1 


0.6 
0.6 
0.3 
0.3 
0.5 
0.5 
0.3 


3.5 

3.7 
5.2 
6.6 


CH, 
'.nt  grade 
0.5 
0.4 
1.0 
0.7 
0.6 
0.8 
1.0 


9.5 

12.1 

per  hr.  up  3  per  cent  gradt 

0.9  8.1  0.7 

0.9  9.5  1.0 

0.9  8.4  1.1 

Analysis  indicated  air  leak  in  sample 

7.8  0.7  9.4  1.9 

7.1  1.1  10.0  1.5 

5.8  2.0  11.1  2.8 


H2 


1.8 
3.2 
4.1 
5.1 


79.3 
77.6 
76.3 
73.1 


Lb.  Air 
per  Lb. 
Gasoline 

14.4 
14.4 
13.3 
12.5 
11.9 
11.5 
10.0 


4.6 
5.0 
5.1 


76.9 
75.6 
76.4 


11.9 
11.1 
11.8 


2.24 
2.20 
2.11 
1V«  2  524  0.6379  1.86  7.8  0.7  9.4         '     1.9  5.3  74.9  10.7 

I'A  2'A  539  0.6163  1.62  7.1  1.1  10.0  1.5  6.0  74.3  10.9 

I'A  3'A  (')  0.7516  1.35  5.8  2.0  11.1  2.8  5.6  72.7  10.0 

'  Mixture  too  rich  for  motor  to  develop  normal  power.     Necessary  to  use  lower  gear  for  part  of  this  test.     The  carburetor  given  this  setting  by  service 
.station  carburetor  adjustor  as  being  correct  for  this  unit. 

Remarks 
I  all  tests  as  it  was  considered  light  for  this  motor.     This  condition  caused  the  exhaust  to  be  smoky  at  times. 


The  oil  was  carried  high  i 


Gasoline  Statistics 

The  nation's  gasoline  reserve  is  continuing  its  record-breaking 
climb,  according  to  figures  compiled  by  the  United  States  Bureau 
of  Mines,  which  show  that  on  Way  1  the  total  stocks  on  hanti 
amounted  to  892,267,766  gal.,  an  increase  of  38,000,000  gal.  over 
the  previous  high  record  mark  of  April  1.  While  production 
records  are  being  broken,  the  figures  for  the  consumption  of 
gasoline  are  also  on  an  upward  spurt.  Thus,  while  domestic 
production  for  April  1922  registered  an  increase  of  10.96  per  cent 
over  the  production  in  April  1921,  domestic  consumption  of  this 
product  in  April  1922  shows  an  increase  of  11.57  per  cent  over  the 
consumption  figures  for  April  1921.  While  the  figures  for 
domestic  production  plus  imports  of  gasoline  for  April  1922 
registered  an  increase  of  13.43  per  cent  over  similar  figures  for 
April  1921,  the  figures  for  domestic  consumption  plus  exports 
and  shipments  for  April  of  this  year  show  an  increase  of  13.61 
per  cent  o\er  similar  figures  for  the  corresponding  period  last  year. 

The  production  of  gasoline  during  April,  which  amounted  to 
472,920,182  gal.,  showed  practically  no  increase  over  March. 
Total  consumption  figures,  including  exports  and  shipments  to 
insular  possessions,  however,  show  an  increase  of  12,000,000  gal. 
Exports  for  April  amounted  to  .^8,007,495  gal.;  shipments  to 
insular  possessions,  1,894,426  gal.;  imports,  10,581,720  gal.; 
domestic  consumption,  385,563,870  gal. 


A  daily  average  of  1,357,000  bbl.  of  oil  was  run  through  the 
stills  of  the  303  refineries  reported  to  the  Bureau  of  Mines  as 
operating  during  the  month  of  April.  These  figures  show  a  de- 
crease of  30,000  bbl.  in  the  daily  average  run,  and  also  three  less 
operative  plants  than  the  report  of  the  previous  month.  The 
April  reports  show  operative  plants  to  be  running  77  per  cent  of 
their  daily  indicated  capacity. 

The  seasonal  decline  in  the  gasoline  stock  curve,  occurring 
generally  during  .\pril  or  May,  has  not  yet  started,  as  is  evidenced 
by  the  sharp  increase  in  reserves. 

Both  production  and  stocks  of  kerosene  showed  an  increase 
during  the  month  of  April.  Stocks  of  this  material  on  hand  in 
May  amounted  to  325,836,126  gal.  Production  of  kerosene  in 
April  amounted  to  188,809,385  gal.  Exports  and  shipments 
during  the  month  consisted  of  90,000,000  gal.,  this  being  the 
largest  amount  since  December  1920. 

Production  of  gas  and  fuel  oil  decreased  58,000,000  gal.  during 
April,  and  stocks  increased  32,000,000  gal.,  indicating  a  sub- 
stantial decrease  in  the  consumption  of  this  product.  The 
month's  output  of  gas  and  fuel  oil  amounted  to  791,642,710  gal., 
and  stocks  on  hand  May  1  amounted  to  1,282,800,569  gal. 

Production  of  lubricating  oil  in  April  amounted  to  72,945,168 
gal.,  the  daily  average  production  increasing  64,000  gal.  during 
the  month.  Stocks  of  this  product  remained  practically  station- 
ary, amounting  on  May  1  to  237,229,814  gal. 
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Prevention  of  Corrosion  of  Metals  by  Water  in  a 

Closed  System' 

By  Perry  West 
Ami  Corrosion  Encinebrinc  Co.,   117  W.  54th  St.,  Nbw  York,  N.  Y. 


Metals  rust  to  an  appreciable  degree  only  when  they  are  in  contact 
with  both  water  and  free  oxygen.  In  all  cases  where  water  is  con- 
fined in  a  closed  system  the  free  Ji.ssohed  oxygen  in  the  water  is 
either  the  principal  cause  or  the  principal  contributory  element  caus- 
ing corrosion.  The  removal  of  this  oxygen  will  in  most  cases 
practically  stop  corrosion,  and  in  other  cases  materially  reduce  corro- 
sion caused  by  other  agencies. 

Free  carbonic  acid  gas  promotes  corrosion  in  the  presence  of  free 
oxygen,  but  is  practically  inactive  in  its  absence  except  at  extremely 
high  temperatures.  Other  free  acids,  such  as  nitric,  hydrochloric 
or  sulfuric,  will  cause  corrosion  if  in  proper  concentration,  but  in 
their  u.sual  diluted  state  require  the  presence  of  free  oxygen  in  the 
water  to  mak.e  their  corrosive  action  very  effective. 

Carbonates  of  calcium  and  magnesium  and  other  temporary 
all(aline  salts  may  retard  corrosion  by  depositing  a  protective  coating 
on  the  metal  and  by  acting  as  negative  chlorides.  At  eery  high 
temperatures  these  carbonates  may  give  off  carbonic  acid  or  caustic 
solutions,  thereby  promoting  corrosion,  especially  in  the  presence  of 
free  oxygen. 

Some  chlorides,  especially  magnesium  chloride,  hydrolyze  to  form 
free  acids,  which  are  highly  corrosive  in  the  presence  of  free  oxygen, 
but  are  not  very  corrosive  otherwise,  unless  allowed  to  collect  in  strong 
concentrations.  Carbonates  and  chlorides  are  both  scale-forming  and 
therefore  provide  some  protection  against  their  own  corrosive  action. 
This  does  not  prevent  pitting,  which  is  the  real  measure  of  corrosion. 


Sulfates  and  nitrates  are  more  scale-forming  than  they  are  corro- 
sive, but  fail  to  act  in  either  way  except  at  high  pressure  boiler  tem- 
peratures. At  extremely  high  temperatures  they  may  be  dissociated 
and  act  as  do  chlorides  at  lower  temperatures. 

Increase  in  temperature  increases  corrosion.  It  is  about  ten 
times  as  rapid  at  180  °  F.  as  it  is  at  50",  and  at  210°  it  is  again  about 
ten  times  as  rapid  as  at  180°. 

Commercial  processes  for  the  elimination  of  dissolved  oxygen 
depend  on  one  of  two  methods.  In  the  deoxidizing  method  the  hot 
water  is  allowed  to  pass  into  a  deactivating  tanl{  where  it  is  brought 
into  contact  with  thin  sheets  of  specially  prepared  metal.  The  water 
exerts  its  corrosive  activity  on  the  comparatively  cheap  and  easily 
replaced  metal  rather  than  on  the  piping  system.  The  deaerating 
process  removes  the  free  dissolved  gases  from  the  water  by  heating,  by 
vacuum,  or  by  a  combination  of  both  while  the  water  is  sprayed  over 
baffles  in  a  deactivator.  The  latter  process  removes,  of  course,  nitro- 
gen, carbon  dioxide,  etc.,  as  well  as  oxygen. 

Gas-free  water  is  not  only  noncorrosive,  but  also  prevents  scoring 
of  engines,  turbines,  etc.,  by  eliminating  the  dirt  of  corrosion.  Il 
also  increases  condenser  efficiency  from  20  to  25  per  cent  by  eliminat- 
ing the  air  blanket  around  the  tubes,  without  requiring  any  more 
energy  to  remove  the  air  before  it  enters  the  boilers. 

The  prevention  of  corrosion  by  the  removal  of  free  oxygen  applies 
to  brass  as  well  as  to  iron  and  steel. 


SCIENTIFICALLY,  corrosion  may  be  understood  to 
mean  the  destruction  of  metals  by  some  chemical 
or  electrochemical  action.  Even  in  this  field  we  have 
a  great  variety  of  actions:  corrosion  of  metals  in  contact  with 
atmosphere,  corrosion  of  metals  in  contact  with  Water,  a 
combination  of  these,  i.  e.,  of  a  metal  in  contact  with  water 
and  air,  and  the  various  forms  of  corrosion  caused  by 
the  action  of  the  different  acids,  alkalies,  and  salts. 

This  article  will  describe  one  phase  of  these  corrosive 
actions,  namely,  the  simple  corrosion  which  is  usually  caused 
by  a  natural  uncontaminated  water  confined  in  a  closed 
system. 

Some  striking  examples  of  this  kind  of  corrosion  are  to  be 
found  in  the  water  piping,  boilers,  heaters,  and  tanks  of 
buildings;  in  the  feed  systems,  boUers,  economizers,  heaters, 
and  pumps  of  power  plants;  in  the  various  water  handling 
systems  of  industrial  works,  and  in  the  water  handling  sys- 
tems and  power  plants  aboard  ship. 

This  is  the  simple  oxidizing  or  rusting  process.  It  has 
always  been  such  a  natural  occurrence  for  iron  in  contact 
with  water  to  rust  that  until  quite  recently  it  was  taken  as  a 
matter  of  course  that  water  always  had  and  always  would 
corrode  this  and  certain  other  metals. 

In  just  the  same  way  there  were  many  phenomena  con- 
nected with  corrosion  which  could  not  be  explained  by  the 
simple  assumption  that  the  oxj'gen  in  the  air  or  water  alone 
oxidized  or  caused  metals  to  rust.  For  instance,  it  was 
discovered  that  metals  which  corroded  very  easily  in  a  damp 
atmosphere,  corroded  very  little  or  not  at  all  in  an  absolutely 
dry  atmosphere;  and  also  that  metals  which  were  ordinarily 

>  Presented  at  the  7th   National  Exposition   of  Chemical  Industries, 
New  York,  N.  Y  ,  September  11  to  17,  1921. 


corroded  by  water  failed  to  be  acted  upon  under  certain  con- 
ditions. The  piping  systems  of  closed  hot  water  heating 
plants,  where  the  same  water  is  circulated  over  and  over,  or 
the  piping  of  sprinkler  systems,  where  the  same  water  is 
allowed  to  stand  in  the  pipes,  were  discovered  to  undergo  very 
little,  if  any,  corroding  action. 

Starting  with  these  and  other  known  facts  which  seemed 
to  indicate  that  it  was  not  a  matter  of  course  for  metals  to  be 
corroded  either  in  air  or  in  water,  Mr.  F.  N.  Speller,  Metal- 
lurgical Engineer,  of  Pittsburgh,  and  Dr.  William  H.  Walker, 
Professor  of  Industrial  Chemistry  at  the  Massachusetts 
Institute  of  Technology,  started  out  a  Mttle  over  ten  years 
ago  to  find  out  just  what  were  the  causes  of  the  corroding 
action  of  water  upon  metals,  and  to  devise  some  remedy  for 
the  cure  of  tliis  enormously  destructive  action. 

Up  to  that  time  most  of  the  examples  of  corrosion  already 
referred  to  were  assumed  to  be  perfectly  natural  hazards 
which  were  simply  endured  without  any  effective  cure.  In- 
cluded in  these  were  the  corroding,  pitting,  and  bursting  of 
the  hot  water  piping  systems  of  buildings,  with  the  resulting 
red  and  dirty  water  discoloration,  and  the  costly  repairing 
of  pipes  buried  in  walls,  floors,  etc.,  together  with  the  con- 
tinual annoyance,  inconvenience,  and  repairs  to  building 
construction  and  decorations  caused  by  leaky  pipes.  Other 
examples  were  the  rusting  away  of  the  cold  water  piping  of 
buildings,  the  corroding  of  the  water  pipes  in  power  plants, 
industrial  works,  aboard  ship,  etc.,  and  the  corroding  of 
boilers,  economizers,  engines,  and  turbines. 

Theory  of  Corrosion 

At  the  present  time,  the  entire  theory  of  this  kind  of  cor- 
rosion has  been  very  accurately  worked  out  and  very  effective 
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remedies  have  been  developed.  In  the  working  out  of  these 
theories  it  has  been  conclusively  shown  that  the  rusting  of 
metals  does  not  take  place  to  any  appreciable  degree  unless 
the  metal  be  in  contact  with  both  water  and  free  o.xygen,  as 
the  action  at  ordinary  temperatures  is  practically  nil  where 
the  metal  is  in  contact  with  oxygen  alone,  or  oxj^gen-free 
water  alone.  In  other  words,  all  three  elements,  namely, 
metal,  water,  and  free  o.xj'gen,  must  be  brought  into  contact. 
Once  this  fundamental  fact  is  fuUy  understood  the  whole 
subject  of  corrosion,  of  the  character  to  which  we  are  referring, 
becomes  quite  clear. 


Positive  hydrogen  lons(H), 
and  negative  hydroxyl(OH") 
formed  by  the  dissociation 
of   the  water  molecule(H20) . 


"2 

0 

=    (H* 
02 

)(0H-) 

HgO 

Dissolved  Oxygen  gas   (O2). 
B 


Representing  in  cell-form  the 
flow  of  current  over  an  Iron 
surface   placed  In  the  water. 

Note   the  direction  of  current 
and  the   movement   of   the   Ions, 


■♦• 

♦ 

—(OH") 

UjO 

O2 

- 

■* 
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♦ 

u' 

(Fe**) 

*KOH") 

O2 

- 

The  first  stage   in  corrosion: 
the   appearance   of   the  ferrous 
lon(Fe    ) ;    the  hydrogen     ions 
have   now   lost   their  charges 
and  are  molecular  gas   particles 
at   the   cathode.   They  will   stop 
further  action  unless   removed. 
D 


Fe**  +20H"=Fe(0U)2 

Further  corrosion  Is  now 
impossible  since  all  the  oxygen 
has  been  consujned  In  converting 
the  ferrous  hydr»te(Fe(oe)o) 
into  ferric  hydrate(Fe(0H)3)  or 
else  in  depolarizing  the  oathod- 
Ic  surface, as  follows: 
2H2  +  O2  =  2  HgO. 
Note  the  gas  film  o?er  the 
cathodic  surface. 


(H-) 


1 


Fe(OH)o 

(oirr 

Fe(0H)3 
(H,0) 


4Fe(0H)*+O2*2H_0 
4  FoTOH), 


Fro.  1 EUBCTROCBBMICAl.   MSCUANISU  o»  ( 

Briefly  stated,  this  theory  of  corrosion  is:  that  the  iron  or 
other  metal  in  contact  with  the  water  first  dissolves,  according 
to  the  solution  pressure  of  the  metal.  The  next  step  is  that 
the  dissolved  metal  hydrolyzes  by  combining  with  the  hy- 
droxyl  radical  in  water  and  sets  hydrogen  free.  This  hydro- 
gen tends  to  plate  out  on  the  surface  of  the  iron  as  a  result  of 
very  weak  electrolytic  currents  set  up  between  different  parts 
of  the  metal,  which  act  as  battery  plates,  with  the  water  as 
an  electrolyte.  The  accumulation  of  small  hydrogen  bubbles 
on  the  surface  of  the  iron  tends  to  polarize  these  circuits  and, 
unless  disposed  of,  will  very  quickly  create  an  equilibrium 
causing  the  above  action  to  cease.  In  practice,  however, 
there  is  always  dissolved  in  natural  waters  enough  free  oxygen 
to  combine  with  this  hydrogen  and  prevent  this  polarization, 
thus  allowing  the  action  to  continue  as  long  as  raw  water  is 
added  to  the  system.  This  results  in  the  formation  of  metal- 
lous  hydroxide,  which  is  the  first  stage  of  corrosion.  The 
process  would  not  proceed  beyond  this  stage  were  it  not  for 
the  further  action  of  other  portions  of  the  free  dissolved  oxy- 


gen in  the  water.  Tliis  oxygen  continues  to  act,  however, 
first  to  oxidize  the  metallous  liydroxide  to  the  metallic  hydrox- 
ide, then  to  the  metallous  oxide  which  forms  the  metallic 
oxide,  or  in  the  case  of  iron  or  steel,  ordinary  red  rust.  The 
various  stages  of  this  process  are  shown  diagrammatically  in 
Fig.  1. 

Effect  op  Acids,  Alkalies,  or  Salts 

In  the  foregoing,  the  corrosive  action  of  water  has  been  dis- 
cussed without  reference  to  the  influence  of  any  free  acids, 
alkalies,  or  salts  which  it  might  contain.  Inasmuch  as  most 
natural  waters  carry  dissolved  carbonic  acid  and  some  alkalies 
and  salts,  the  natural  question  is — what  bearing  do  these 
have  upon  corrosion? 

CARBONIC  ACID — Most  natural  waters  contain  a  small  per- 
centage of  free  dissolved  carbonic  acid  gas,  which  may  be 
added  to  by  the  decomposition  of  carbonates  and  organic 
matter  at  high  temperatures  in  heaters,  boilers,  etc.  Car- 
bonic acid  gives  the  water  a  slight  acid  tendency  which 
makes  of  it  a  better  electrolyte  and  speeds  up  the  above 
process,  but  inasmuch  as  this  acid  is  not  strong  enough  to 
form  a  salt  of  the  metal  or  to  dispel  the  hydrogen  gas  from 
the  water,  it  will  not  force  the  action  beyond  the  polarization 
stages  unless  free  oxj^gen  be  present. 

Carbonic  acid  wUl,  therefore,  speed  up  the  rusting  process 
only  in  case  free  oxygen  is  present,  but  will  not  cause  appreci- 
able corrosion  in  its  absence. 

STRONGER  ACIDJ5 — Stronger  acids,  such  as  sulfuric  or  hydro- 
chloric, •nill  of  course  attack  the  metal  and  cause  corrosive 
action  entirely  apart  from  the  actions  discussed,  provided 
they  occur  in  proper  concentration,  but  even  these  actions 
are  very  materially  increased  by  the  presence  of  free  ox'ygen 
to  keep  the  metallic  surface  more  or  less  free  of  hydrogen. 
In  such  weak  concentrations  as  are  ordinarily  found  they  are 
inactive  without  free  oxygen. 

CARBONATES — The  general  effect  of  the  carbonates  and  some 
other  temporary  hardening  alkaline  salts  is  to  retard  corro- 
sion. This  is  brought  about  by  the  protective  coating  de- 
posited on  the  metal — especially  if  the  water  is  heated — and 
by  the  alkaline  reaction  of  these  substances  in  the  water. 
So  marked  is  the  influence  of  these  temporary  hardening 
salts  ujwn  corrosion  that  some  of  the  harder  waters,  especially 
in  limestone  districts,  are  practically  noncorrosive,  except  at 
very  high  temperatures.  Some  exceptions  may  be  found  to 
the  rule  in  the  case  of  sodium  and  some  other  carbonates 
which  form  caustics  and  acetates  at  high  boiler  temperatures, 
setting  free  oxygen,  which  in  conjunction  with  each  other 
increase,  rather  than  retard,  corrosion. 

CHLORIDES — Some  of  the  chlorides,  especially  magnesium 
chloride,  will  hydrolyze  and  partly  dissociate  into  the  hydrox- 
ide and  hydrochloric  acid,  which  combines  with  the  metal  of 
the  pipes,  etc.,  to  form  a  metallic  chloride,  setting  free  hydro- 
gen. The  amount  of  hydrochloric  acid  thus  set  free  in  ordi- 
nary cases  is  very  small,  and,  if  allowed  to  act  but  once  and 
then  come  to  equilibrium,  would  cause  comparatively  little 
corrosive  trouble. 

If  free  oxj'gen  be  present  in  the  water,  however,  which  is 
usually  the  case  unless  particular  pains  ha^-e  been  taken  to 
remove  it,  this  free  oxygen  combines  with  the  hydrogen  set 
free,  forming  water  and  depolarizing  the  electrolytic  circuit, 
thus  allowing  the  process  of  corrosion  to  proceed.  In  the 
meantime  the  new  metallic  chlorides  formed  may  re-hydrolyze, 
forming  the  metallic  hydroxide  and  setting  the  hydrochloric 
acid  free  again.  The  process  will  then  begin  all  over  again 
and  continue  as  an  indefinite  cyclic  process,  so  long  as  there 
is  enough  free  oxygen  present  to  keep  the  electrolytic  circuit 
depolarized.  As  new  water  is  added  additional  hydrochloric 
acid  is  set  free  and  if  allowed  to  concentrate,  as  in  boilers,  is 


THE  JOlUNAL  OF  INni'STRIAL  AND  ENGINEERING  CHEMISTRY 


603 


90"       100-       no-       120-       130- 
T  E  M  P  E  R AT  URE       IN     °  F 

Fig.  2 


one  of  the  most  dangerous  corrosive  agents  met  with  in  prac- 
tice. 

In  the  case  of  sea  water,  which  is  sometimes  heated  for  bath 
purposes,  tliis  action  is  very  marked  and  can  be  retarded  only 
by  neutrahzing  the  acid  or  b}'  the  removal  of  the  free  oxj-gen 
from  the  water. 

SULFATES  AND  NITRATES — In  the  casc  of  power  plants  where 
high  enough  temperatures  are  carried  in  the  boilers,  economiz- 
ers, etc.,  the  sulfates  and  nitrates  of  calcium  and  magnesium 
may  be  broken  up  so  as  to  act  very  much  the  same  as  the 
ehlorides  in  the  lower  temperature  systems.  Sulfates  and 
nitrates  are  not  materially  affected  by  the  temperatures  of 
ordinary  domestic  hot  water,  and  have  no  particular  bearing 
upon  incrustation  or  corrosion  in  these  sj'stems. 

It  will  be  seen  that  soft  waters  and  such  hard  waters  as 
■contain  small  quantities  of  bicarbonates  are  not  scale-forming 
in  ordinary  domestic  hot  water  systems  and  do  not,  there- 
fore, tend  to  protect  against  corrosion  in  this  way. 

The  foregoing  gives  a  fair  idea  of  the  relationship  between 
the  chemical  properties  of  the  water  and  the  subjects  of  in- 
crustation and  corrosion,  from  which  it  may  be  seen  that  a 
good  chemical  analysis  of  the  water  is  a  very  helpful  factor 
in  designing  apparatus  for  protection  against  corrosion. 

Effect  of  Temperatuhe 

This  corrosive  activity,  being  an  electrochemical  action 
involving  hydrolyzing  and  ionizing,  naturally  takes  place 
much  faster  at  high  than  at  low  temperatures.  The  corro- 
sive actiWty  in  domestic  hot  water  systems  is,  therefore,  from 
five  to  ten  times  as  rapid  as  in  cold  water  sj-stems,  other  con- 


ditions being  equal.  In  the  case  of  sea  water  the  magnesium 
chloride  augments  the  action  so  as  to  make  corrosion  with 
cold  salt  water  almost  as  serious  as  with  hot  fresh  water.  In 
power  plants  the  action  may  be  many  times  as  fast,  depending 
upon  temperatures.  At  150°  it  may  take  as  much  as  one 
hour  to  complete  the  corrosive  action,  while  at  a  tempera- 
ture of  212°  one  minute  is  sufficient. 

Amount  of  Free  Oxygen  Present 

Ordinary  potable  waters,  with  the  exception  of  some  deep 
well,  or  other  ground  waters,  contain  on  an  a\erage  about  5 
per  cent  of  dissolved  air.  Of  this  about  20  per  cent  is  oxj'gen, 
which  means  about  1  per  cent  of  oxygen  bj'  volume  at  ordinary 
temperatures  and  atmospheric  pressure.  The  solubility  of 
oxj'gen  in  water  at  various  temperatures  and  pressures  is 
shown  in  Fig.  2. 

Much  higher  saturations  may  be  reached  under  higher 
pressures  such  as  are  generally  found  with  air  pressure  tank 
systems.  Everj'  pound  of  this  oxj-gen  maj'^  be  responsible 
for  at  least  3  lbs.  of  corrosion,  which  means  that  for  every 
thousand  gallons  of  water  about  0.25  lb.  of  iron  or  steel  may 
be  eaten  away  by  this  corrosion.  Since  the  useful  life  of 
ordinary  iron  or  steel  pipe  is  practicallj-  ended  by  pitting 
when  20  per  cent  of  its  weight  is  corroded  awaj',  the  rate  of 
destruction  in  a  hot  water  ser\'ice  system  may  run  as  high  as 
1.25  lbs.  per  1000  gal.  of  water.  This  would  mean  the  loss 
of  about  1000  lbs.  per  year  for  an  ordinary-sized  building, 
which  would  represent  a  replacement  cost  of  about  S2000. 
It  is  estimated  that  the  annual  loss  occurring  in  this  way  in 
domestic  hot  water  ser\dce  systems  alone  thi-oughout  the 
United  States  amounts  to  $50,000,000. 
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In  domestic  hot  water  systems  a  reduction  to  1  cc.  of  free 
oxygen  per  liter  of  water  may  substantially  stop  corrosion, 
whOe  with  high  temperatures  in  power  plants  it  must  be  re- 
duced to  0.2  cc.  per  liter. 


Fio.  3 — Section  tiirouoh  Dkaura 


Deactivator 


Elimination  of  Dissolved  Oxygen 

As  has  been  suggested,  the  way  to  prevent  this  corrosion 
is  to  eliminate  the  free  oxygen.  Some  of  the  latest  develop- 
ments in  commercial  apparatus  for  eliminating  dissolved 
oxygen  will  now  be  described. 

Basically  there  are  two  methods,  which  may  be  designated 
as  the  deoxidizing  method  and  the  deaerating  method.  Tiie 
deoxidizing  process  is  carried  on  by  allowing  the  hot  water  to 
pass  from  the  heater  into  a  tank  or  deactivator  where  it  is 
brought  into  contact  with  thin  sheets  of  perforated  metal 
especially  prepared,  and  arranged  to  allow  the  water  to  exert 
its  corrosive  activity  upon  this  comparativelj'  cheap  and  easily 
replaceable  metal  instead  of  the  more  expensive  and  less  easily 
replaceable  materials  of  the  piping  system.  If  the  water  is 
to  be  used  for  domestic  or  certain  industrial  purposes,  it  is 
then  passed  tlirougli  a  hot  water  filter  to  free  it  from  the 
objcctional  discoloration  caused  by  the  products  of  corro- 
sion in  the  deactivator,  and  is  ready  to  use  in  the  system  with- 
out danger  of  any  further  corrosion  or  discoloration. 

The  deaerating  process  is  carried  on  by  removing  the  free 
dissolved  gases  from  the  water  by  heating,  by  \acuum,  or  by 
a  combination  of  the  two  while  tlie  water  is  in  a  highly  divided 
state  brought  about  by  sprajing  or  cataracting  over  baffles  in 
a  deactivator.  This  process,  as  will  be  easily  understood, 
removes  not  only  the  oxygen,  but  the  other  free  dissolved 
gases,  such  as  carbon  dioxide,  nitrogen,  etc. 

The  removal  of  all  ga.scs  eliminates  airbinding  and  splash- 
ing difficulties,  besides  stopping  corrosion. 

Water  treated  by  either  process  is  sometimes  termed  de- 
activated water,  meaning  that  it  is  minus  its  corroding 
activity. 


The  remo\'al  of  oxygen  by  the  deoxidizing  process  and  the 
removal  of  the  gases  by  the  deaerating  process  amount  to 
from  90  to  99  per  cent  of  the  quantities  contained  in  the  raw 
water  in  some  of  the  commercial  apparatus  now  on  the 
market. 

Numerous  experiments  have  shown  that  the  rate  of  corro- 
sion is  practically  in  proportion  to  the  percentage  of  free 
o.xygen  present,  so  that  a  removal  of  90  per  cent  means  an 
increase  of  tenfold  in  the  life  of  pipes  and  other  apparatus 
protected. 

The  passage  of  deactivated  water  through  an  old  corroded 
system  not  only  prevents  further  corrosion,  but  will  gradually 
dissolve  and  wash  out  the  existing  accumulations  and  keep  the 
system  clear  and  free  from  corrosion. 

It  is  also  interesting  to  know  something  about  the  cost  of 
tliis  apparatus  and  about  the  return  it  may  be  expected  to 
show. 

Ordinarily  speaking,  the  cost  of  this  apparatus  will  run 
from  5  to  10  per  cent  of  the  replacement  cost  of  the  materials 
protected.  This  means  that  the  carrying  and  depreciation 
charges  might  amount  to  from  0.5  to  1  per  cent  of  the  re- 
placement cost.  Figuring  on  an  average  life  of  10  jts.  for 
piping  and  apparatus  without  protection,  it  would  mean 
that  for  a  total  cost  of  from  5  to  10  per  cent  of  the  cost  of 
replacement  the  entire  system  may  be  protected  and  such 
replacement  costs  postponed  practically  indefinitely. 

Another  way  of  measuring  the  cost  is  on  the  basis  of  amor- 
tizing the  cost  of  the  apparatus  over  a  period  of  10  jts.  The 
sinking  fund  cost,  together  with  the  carrying  charges,  would 
amount  to  from  0.75  to  1.5  per  cent  per  jt.,  and  at  the  end 
of  10  yrs.  the  entire  first  cost  and  carrying  charges  would  be 
wiped  out,  thus  giving  a  fully  paid-up  insurance  for  the 
remainder  of  the  life  of  the  building. 

Deaerating  Deactivator 

The  apparatus  shown  diagrammaticallj-  in  Figs.  3  and  4 
consists  of: 

Type  F  deaerating  deactivator 

Water  line  governor  X,  controlhng  inlet  valve  W 

Recording  thermometer  Y 

Thermostat  T,  controlling  steam  valve  S 

The  deactivator  is  constructed  in  three  sections,  A,  B,  and 
C,  bolted  together  to  form  one  unit.  A  is  an  exchanger,  B 
is  a  booster  heater,  using  low  pressure  steam,  and  C  is  a 
deaerator.  The  shells  are  Vis-in.  open  hearth  steel,  sections 
A  and  C  being  coated  inside  with  the  finest  grade  of  porcelain 
enamel.  The  coils,  pipes,  pans,  stay-rods  and  diaphragms 
are  of  cold-rolled  copper  or  Tobin  bronze,  making  for  stability 
and  long  life;  in  fact,  all  working  parts  exposed  to  water  con- 
tact are  practically  corrosion-proof. 

The  water  which  would  normally  pass  directly  down  pipe 
D  from  the  roof  tank  to  the  heater  is  by-passed  through  the 
deactivator  around  valve  Z.  While  passing  through  coils  G 
the  water  is  heated  up  by  exchange  of  heat  from  the  liot  water 
which  is  leaving  the  deactivator.  The  incoming  water 
pa.s.ses  on  through  coils  II,  in  which  it  is  raised  to  207°,  the 
temperature  being  regulated  by  the  thermostat  T  and  the 
steam  valve  S.  At  this  temperature  the  water  readily  gives 
up  its  dissolved  gases  as  it  falls  over  the  cascade  plates  K. 
The  deaerated,  noncorrosive  water  leaves  the  machine  via 
the  exchanger  section,  in  which  it  gives  up  a  large  part  of  its 
heat  to  the  incoming  cold  water.  The  temperature  of  the 
water  passing  to  the  heater  is  approximately  120°. 

Deoxidizing  Deactivators 

Two  types  of  deoxidizing  deactivators  are  shown  in  Figs. 
5  and  6.    In  both  of  these  types  the  raw  heated  water  is 
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passed  throuRli  a  deactivator  fillm  with  specially  prepared, 
iuRhly  corrosive  deactivating  ma i'  rial.  The  desipn  of  the 
system  is  such  that  the  water  remains  in  contact  with  the 


DEACTIVATED    WATER - 
HEATERS 

Fig.  4 — Principle  of  De.^era 


metal  long  enough  to  expend  substantially  all  of  its  corrosive 
activity  upon  the  cheap,  easily  replaceable  metal  instead  of 
upon  the  more  expensive  and  less  accessible  metal  of  the  pii> 
ing  and  apparatus. 

The  type  shown  in  Fig.  5  is  the  simplest  possible  arrange- 
ment of  this  apparatus.  It  is  designed  especially  for  use  in 
large  residences  and  small  apartment  houses.  Any  form  of 
heater,  coal,  gas,  garbage  burner,  or  steam  may  be  used.  The 
cold  water  entering  the  heater  is  first  passed  through  a  coagu- 
lite  tank  where  the  water  dissolves  a  minute  quantity  of  coagu- 
lite  which  causes  the  colloidal  rust  to  settle  in  the  deactivat- 
ing tank,  thereby  insuring  a  supply  of  clean,  noncorrosive 
hot  water. 

For  use  in  large  apartment  houses,  or  hotels,  where  sudden 
demands  on  the  hot  water  supply  service  may  be  expected, 
a  special  hot  water  filter  is  added  to  the  above  equipment. 
The  arrangement  is  as  shown  in  Fig.  6.  In  an  apparatus  of 
this  type,  absolutely  clear  hot  water  is  obtainable  at  all  loads. 

A  small  auxiliary  heater  is  used  to  reheat  the  water  re- 
turned by  the  circulation  line  as  this  returned  water  does  not 
have  to  be  deactivated  again.  Automatic  temperature  con- 
trol, gages,  and  recording  thermometer  are  usually  supplied 
to  control  the  operation  of  the  apparatus  and  to  provide  a 
record. 

Fig.  7  shows  another  type  of  deaerating  deactivator  in- 
tended for  use  where  large  volumes  of  water  are  to  be  treated 


under  varying  temperatures,  usually  from  100°  to  200°  F., 
for  tlie  removal  of  the  free  dissolved  gases  from  the  water  so 
as  to  render  it  inactive  toward  the  corrosion  of  iron  and  steel. 
This  type  of  ajjpuratus  is  especially  applicable  to  the  treat- 
ment of  feed  water  for  steam  boilers,  where  the  normal  operat- 
ing temperature  of  the  water  to  be  treated  is  not  high  enough 
to  allow  it  to  be  treated  economically  in  a  simple  "B"  type 
deoxidizing  apparatus.  This  is  a  condition  usually  met  with 
in  steam  power  plants  where  the  available  exhaust  is  only 
sufficient  to  raise  the  temperature  of  the  feed  water  to  a 
degree  within  this  range  and  when  there  is  quite  a  variation 
between  high  and  low  points  and  it  is  not  desirable  to  reheat 
to  a  higher  and  more  steady  temperature  with  live  steam  on 
account  of  the  extra  cost  and  maintenance  of  auxiliary  heat- 
ers, the  decrease  in  efficiency  of  economizers,  and  the  with- 
drawal of  the  high  pressure  steam  from  the  supply  to  tlie 
prime  movers.  The  eficetiveness  of  this  type  is  due  to  the 
fact  that  the  bulk  of  the  gases  is  removed  by  the  vacuum  de- 
aerating  process  and  the  residual  gas  by  the  deoxidizing  proc- 
ess, thus  allowing  each  process  to  operate  through  its  most 
economical  range. 

This  system  is  applicable  for  the  prevention  of  corrosion 
in  feed  piping,  pumps,  boilers,  economizers,  etc.,  in  all  kinds 
of  central  and  industrial  power  plants,  and  is  especially 
efficacious  in  the  prevention  of  the  very  rapid  and  destruc- 
tive corrosion  which  is  following  the  introduction  of  steel 
tube  economizers  and  otlier  such  steel  and  wrought  iron 
apparatus  as  is  being  installed  to  meet  the  requirements  of 
higher  steam  pressures  and  temperatures. 

It  is  also  ob\dous  that  any  reheating  of  the  feed  water  to 
a  temperature  above  that  afforded  by  the  normal  available 
exhaust  steam  serves  only  to  reduce  the  efficiency  of  an 
economizer,  so  that  this  type  of  deactivator  has  an  advantage 
wherever  economizers  are  used. 

The  principle  of  operation  and  construction  of  the  appara- 
tus is  briefly  as  follows: 

The  arrangement  shown  in  Fig.  7  is  for  use  in  connection 
with  the  deactivation  of  feed  water  where  an  open  feed  water 
heater  is  to  be  used.  A  closed  feed  water  heater  or  other 
means  of  heating  the  water  to  be  deactivated  may  be  sub- 
stituted for  the  open  feed  water  heater  with  certain  slight 
modifications. 

In  the  arrangement  shoii\Ti,  the  feed  water  is  brought  to  the 
open  heater  in  the  usual  way  and  is  generally  controlled  by 
a  water  line  governor  and  regulating  valve  as  indicated. 
Instead  of  the  open  heater  being  vented  to  the  atmosphere 
in  order  to  free  it  of  the  noncondensable  vapors,  it  is  vented 
through  pipes  1,  2,  and  3  into  pipe  4,  and  thence  into  the  de- 


FiG.  5 — Deoxidizing  Deactivator,  Type  B-3 
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activator  through  perforated  jiipes  5  and  G,  where  all  of  the 
steam  which  pa.sses  over  with  the.se  noncondensable  vapors  is 
condensed  by  mingling  with  the  water  entering  the  deactiva- 
tor. This  prevents  the  usual  lo.<s  of  steam  to  the  atmosphere 
where  the  open  heater  is  vented  in  the  usual  manner.  Pipe 
14  acts  as  an  automatic  emergency  vent  whenever  the  de- 
activator is  shut  down  or  the  vacuum  fails. 


:    ■      ^  -X  .     -I 


Fig.  6 — Dboxidizing  Dbactivator,  Type  B-4 

Located  in  vent  line  4  is  a  low  range  vacuum  governor  for 
preventing  anything  more  than  a  slight  vacuum  being  carried 
on  the  feed  water  heater  so  as  to  prevent  an  excess  of  steam 
being  carried  over  from  the  open  heater  to  the  deactivator. 
The  water,  leaving  the  feed  water  heater  through  pipe  7, 
passes  either  to  the  deactivator  through  pipe  S,  or  directly 
to  the  boiler  feed  pumps  to  pipes  9  and  10,  as  conditions  may 
require. 

A  stop  valve  is  located  in  pipe  9,  for  by-passing  the  water 
direct  to  the  feed  pump  whenever  the  deactivator  is  out  of 
operation. 

The  water  in  flowing  to  the  deactivator  passes  through  a 
differential  vacuum  governor  chamber,  which,  together  with 
the  vacuum  governor  in  the  line  leading  to  the  deactivator, 
automatically  maintains  the  vacuum  in  the  deactivator  at  a 
point  slightly  below  the  boiling  pressure  corresponding  to  the 
temperature  of  the  entering  water. 

From  the  inlet  pipe  the  water  passes  to  distributing  pan  1 1 , 
from  which  it  flows  to  pans  12  and  13  over  perforated  pipes  5 
and  6.  As  a  result  of  the  water  being  cataracted  over  a  series 
of  pans,  and  thus  being  broken  up  into  small  particles  under 
a  vacuum  practically  corresponding  to  the  boiling  point  of  the 
water,  tiie  major  portion  of  the  dissolved  air  and  other  non- 
condensable  vapors  are  removed. 

This  process  usually  removes  the  free  dissolved  oxygen 
down  to  about  from  0.75  to  0.5  cc.  per  liter,  which  is  low 
enough  substantially  to  prevent  corrosion  under  certain  con- 
ditions, but  not  low  enough  effectively  to  prevent  serious 
corrosion  in  the  feed  piping,  pumps,  and  steel  tube  economiz- 
ers of  the  modern  high  pressure  plant.  In  order  to  reduce 
this  residual  dissolved  oxygen  to  0.2  cc.  per  liter,  which  seems 
to  be  the  practical  condition  under  which  serious  corrosion  is 
arrested,  the  water  after  leaving  the  deaerating  process  is 
passed  through  a  thick  body  of  deactivating  material  con- 
sisting of  thin  perforated  sheets  of  s{)ecially  prepared  metal 
located  in  the  lower  .section  of  the  deactivator.  The  action 
of  the  residual  oxygen  on  this  metal  is  similar  to  what  its 
action  would  otherwise  be  on  the  interior  surfaces  of  the  feed 


piping  and  economizers,  causing  the  metal  to  corrode  and  fix 
the  free  dissolved  corrosive  gases.  This  metal,  being  of  a 
cheap  character  and  in  an  accessible  place,  is  easily  and 
cheaply  replaced  by  way  of  the  manholes  or  removable  heads 
on  the  deactivator,  thus  transferring  the  corrosi\e  destruc- 
tion from  the  expensive  and  inaccessible  materials  of  the  plant 
to  this  inexpensive  and  accessible  metal. 

In  certain  cases  where  the  volume  of  water  handled  or 
temperature  conditions  make  it  impractical  to  remove  the 
residual  oxygen  by  means  of  these  metal  plates,  a  chemical 
treatment  is  either  substituted  for  the  metal,  or  added  to  the 
deactivating  system.  It  will  be  noted  that  the  deactivator 
is  provided  with  shut-off  valves  for  use  in  case  of  emergency, 
and  that  the  whole  apparatus  is  simple  and  automatic  in  its 
operation. 

In  cases  where  head  room  will  not  permit,  the  heater  may 
be  placed  nearer  the  level  of  the  deactivator,  but  special 
arrangement  must  be  made  to  allow  the  water  to  flow  from 
the  heater  to  the  deactivator  under  vacuum.  This  arrange- 
ment is  not  advisable  if  it  can  be  avoided.  A  head  of  from 
3  to  6  ft.  between  the  bottom  of  the  deactivator  and  the  feed 
pump  suction  is  required. 

The  vacuum  required  for  the  operation  of  the  system  is 
usually  produced  by  the  regular  vacuum  pumps  wherever 
condensers  are  used  and  requires  no  increase  in  the  usual 
capacity  of  the  dry  vacuum  pumps,  since  the  air  removed  in 
the  deactivator  does  not  again  ha\e  to  be  removed  in  the 
condensers.  The  required  vacuum  may  of  course  be  pro- 
duced by  a  steam  jet  ejector  or  a  separate  vacuum  pump 
wherever  other  vacuum  producing  means  are  not  available, 
and  requires  very  little  power  for  operation. 

It  is  of  course  understood  that  the  removal  of  the  free 
dissolved  oxygen  bj'  this  means  or  by  other  means  is  usually 
the  most  important  factor  in  the  prevention  of  corrosion  in  the 
feed  piping,  pumps,  economizers,  etc.,  and  sometimes  in  the 
boilers  themselves.  Several  other  advantages,  however, 
should  not  be  overlooked.  They  will  accrue  wherever  the 
dissolved  oxygen  and  other  noncondensable  vapors  are  re- 
moved from  tlie  feed  water.  One  of  these  is  that  the  rust 
and  sludge  are  caught  in  the  deactivator  and  blown  off  in- 
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stead  of  bcinp;  allowed  to  pass  to  1 
dangerous  and  uneconomical  sen 
water  is  kejit  clean,  which  redm 
scoring  of  engine  cj'lindcrs  and  thr 
Still  another  is  that  the  eflicicncy 


'  boilers  and  form  a  very 
'.  Another  is  that  the 
s  foaming  and  ])revcnts 
iioving  parts  of  turbines. 
)f  a  surface  condenser  is 


increased  from  20  to  25  per  cent,  on  account  of  the  absence 


of  noncondensable  vapors  throughout  the  entire  condenser 
instead  of  just  around  the  dry  air  suction  pipe  under  ordinarj' 
conditions. 

The  yearly  saving  effected  by  a  deactivator  of  this  type 
will  show  from  25  to  50  per  cent  on  the  cost  of  the  installation, 
regardless  of  the  other  advantages  enumerated. 


Wood  as  a  Chemical  Engineering  Material' 

By  Clark  S.  Robinson^ 
Dei-artmknt  of  Chkmkm.  Knoinbrring,  Massacihisetts  Institute  uf  Technology,  Cambridge,  Massach 


Tlllil  value  of  wood  as  a  material  of  construction  in  tlie 
chemical  industries  is  very  coimnonly  underestimated. 
This  arises  from  the  fact  that  little  information  is 
available  in  the  literature  in  reizurd  to  the  use  of  wood  for 
such  purposes,  and  it  is  often  true  that  on  account  of  lack 
of  information  the  plant  operator  makes  use  of  unsuitable 
wood,  or  puts  it  to  improper  uses.  It  is  the  purpose  of  this 
article  to  give  a  fairly  comprehensive  outline  of  the  various 
woods  and  their  uses  for  chemical  jilant  work. 

Adv.\ntages 

Chemical  apparatus 
made  of  wood  is  usu- 
ally less  expensive  in 
its  first  cost  than 
when  made  of  metal. 
In  many  cases  the 
difference  in  favor  of 
wood  is  great.  WTien 
used  for  water  or 
other  liquids  which 
do  not  destroy  the 
wood,  the  life  of  the 
wood  is  very  long. 
Cypress  tanks  are 
known  to  have  lasted 
for  130  JT^.,  wliile 
wooden  water  pipes 
have  been  in  service 
underground  for  100  yrs.,  such  life  being  much  in  excess 
of  that  obtained  from  the  ordinary  steel  of  to-day.  In 
many  localities,  the  water,  contains  material  which  quickly 
corrodes  the  best  of  steels  while  wood  is  quite  unaffected. 
Wood  does  not  require  frequent  painting  to  prevent  corro- 
sion as  is  the  case  with  steel,  and  it  can  usually  be  repaired 
or  remodeled  by  the  local  carpenter. 

Wood  is  a  poor  conductor  of  heat,  and  wooden  apparatus 
exposed  to  frost  requires  much  less  heat  to  keep  the  contents 
from  freezing  than  is  the  case  with  metals.  Conversely  the 
contents  of  tanks  and  piping  can  be  kept  cold  more  easily 
when  wood  is  used. 

Wooden  piping  is  not  common  in  chemical  plants,  but  it 
has  many  advantages,  among  wliich  are  the  absence  of  corro- 
sion due  to  electrolysis  by  straj'  electric  currents,  and  its 
greater  carrying  capacity  under  given  pressure  drop.  Its 
value  may  be  indicated  by  the  fact  that  one  large  chemical 

1  Received  April  4,  1922. 

=  Published  as  Contribution  No.  17  from  the  Department  of  Chemical 
Engineering,  M.  I.  T. 

•  Assistant  Professor  of  Chemical  Engineering. 


plant  in  this  country  has  nearly  one  hundred  miles  of  wooden 
pipe.  Its  cost  is  also  less  than  that  of  iron  or  steel,  con- 
siderably so  in  the  larger  sizes. 

Disadvantages 

Wood  is  not  a  suitable  material  for  use  in  apparatus  han- 
dhug  strong  oxidizing  agents,  such  as  concentrated  nitric  or 
sulfuric  acids.  It  is  readily  attacked  by  strongly  alkaline 
solutions.  It  must  be  protected  by  a  suitable  protective 
coating  from  the  action  of  certain  chemicals,  such  as  con- 
centrated hydrochloric  acid. 

Wood  is  mechanically  weaker  than  metals,  and  this  limits 
the  use  to  apparatus  of  comparatively  moderate  pressure, 
steel-banded  wooden  pipe  having  been  used  up  to  130  lbs. 
pressure,  and  reinforced  tanks  up  to  50  lbs.  pressure. 

Wooden  tanks  and  piping  swell  when  brought  into  contact 
with  liquids,  and  shrink  if  allowed  to  dry  out  afterwards. 
Tliis  permits  the  joints  of  the  apparatus  to  open  up,  and  leaks 
develop.  The  apparatus  must  therefore  be  kept  full  of  liquid 
and  if  tliis  is  not  practicable,  it  should  be  filled  with  water  to 
prevent  drying  out. 

Kinds  of  Wood  Available 

The  kinds  of  wood  most  commonly  met  with  in  this  country 
are  listed  below  in  the  approximate  order  of  their  popularity 
for  chemical  work  in  general. 

1 — Red  Gulf  or  Louisiana  cypress  (.Taxodium  dislichum) 

2 — Long  leaf  yellow  or  hard  pine  (Pinuj  paluslris) 

3 — California  redwood  iSequoia  sempervirens) 

4 — White  pine  {Pinus  slrobus) 

5 — Douglas,  Washington,  or  Oregon  fir  (Pseudotsuga  laxifolia) 

6 — Hard  maple  (.Acer  saccharum) 
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7 — Yellow  poplar  (,Populus  delloides) 

8 — White   oak    (Quercus  alba) 

9 — Tamarack   {Larix  taricina) 
10 — Spruce  (Picra  rubra) 
11 — Norway  pioe  iPinus  resinosa) 

Tests  on  Effect  of  Solutions  on  Woods 

A  series  of  tests  were  performed  by  S.  J.  Hauser  and  Clar- 
ence Behrman  for  the  Hauscr-Stander  Tank  Company  on 

the  action  of  a  num- 
ber of  common  solu- 
tions on  sLx  woods: 
cypress,  long  leaf 
pine,  Douglas  fir, 
redwood,  hard  maple, 
and  white  oak.  These 
tests  included: 

1 — The  contamination 
of  the  liquid  by  the  extrac- 
FiG.  3  tion    of    coloring     matter 

from  the  wood. 
2 — The  absorption  of  liquid  by  the  wood. 
3 — The  swelling  or  shrinking  of  the  wood. 
4 — The  effect  upon  the  strength  and  hardness  of  the  wood. 

color — The  color  imparted  to  the  liquid,  while  not 
important  in  many  chemical  operations,  is  frequently  the 
determining  factor  in  tlie  use  of  wood  for  drinking  water, 
for  laundry  purposes,  and  in  the  preparation  of  many  food 
products. 

Oak  and  redwood  contain  large  amounts  of  coloring  matter 
which  is  extracted  freely  by  water  both  hot  and  cold,  the  red- 
wood being  a  little  the  better  with  respect  to  the  latter. 
Maple  is  better  than  oak  or  redwood,  but  is  considerably 
worse  than  fir,  pine,  and  cypress,  the  last  of  which  has  little 
effect  on  the  water. 

Where  wood  is  to  bo  used  for  handling  drinking  water 

or  for  food  prod- 
ucts where  a  taste 
of  the  wood  must  be 
avoided,  fir  and  pine 
should  not  be  used. 
Cypress  and  maple 
are  best  in  this  re- 
spect. 

The  relative  effect 
in  the  cold  of  various 
chemicals  on  the  six 
kinds  of  woods  with 
reference  to  color  ex- 
tracted is  given  in 
Table  I.  The  effect 
i.s  indicated  by  the 
numbers  1  to  4,  1 
meaning  little  or  no 
color  and  4  strong 
color. 

The  relative  effect 
of  the  above  solu- 
tions when  boiling 
hot  is  as  a  rule  un- 
changed from  when 
in  the  cold,  though 
the  colors  are  of  course  intensified  in  all  cases. 

ABSORPTION — The  relati\-e  absorption  of  the  same  chemi- 
cals was  .studied.  No  relation  between  the  concentration 
and  the  amount  absorbed  was  apparent;  so  Table  II  gives 
the  results  for  the  average  of  several  concentrations  of  eacii 
solution.     Low  absorption  is  represented  by  1 ;  large  by  4. 


T 

ABLB    I 

Long 

Leaf 

Solution 

Cypress 

Pine 

5%  and  25%  acetic  acid 

1 

1 

50%  and  100%  acetic  acid 

2 

2 

S%  and  25%  HCl 

1 

1 

Concentrated  HCl 

4 

4 

10%  H.SO. 

1 

1 

25%  HjSO. 

2 

2 

5%  HNO, 
1%  NaOH 

4 

4 

2 

3 

Concentrated  NaOH 

3 

3 

Saturated  Ca(OH)2 

2 

5%  bleaching  powder 

1 

2 

Na;S  solution 

4 

4 

5%  NaiCO. 

2 

3 

10%  NaHSO. 
10%  NaCI 
10%  CaCl. 
25%  CaCl. 

2 

2 

2 

1 

1 

.   1 

I 

I 

Turpentine 

2 

2 

Linseed  oil 

1 

1 

Red-    Hard 
wood    Maple 


SWELLING  AND  SHRINKAGE — It  was  found  that  all  the  woods 
expanded  in  aqueous  solutions  and  that  a  part  of  this  ex- 
pansion was  lost  up- 
on subsequent  dry- 
ing. Some  woods 
after  treatment  witli 
nitric  acid  and  the 
alkalies  showed 
shrinkage  after  dry- 
in  g  .  Redwood 
showed  the  greatest 
swelling  and  oak  the 
least. 

EFFECT   ON    PHYSI- 
CAL PROPERTIES — 

The  effect   of   these 

solutions  upon  the  softness,  brittlcness,  and  other  physical 

properties  of  the  woods  was  noted. 

Acetic  acid  in  any  concentration  has  no  effect  on  any  of 
the  woods. 


TablB  II 

Douglas 

Long  Leaf 

Cypress 

F 

r 

Pin 

e 

Solution 

Hot  Cold 

Hot  Cold 

Hot 

Cold 

Water 

3 

2 

4 

3 

3 

3 

HCl 

4 

2 

4 

3 

3 

2 

HiSO. 

4 

2 

4 

2 

3 

3 

HNOi 

2 

2 

3 

3 

3 

2 

Acetic  acid 

3 

3 

2 

2 

2 

2 

NaOH 

4 

4 

4 

4 

3 

4 

NajCOi 

4 

2 

4 

3 

4 

2 

Na.S 

4 

4 

4 

4 

4 

4 

Ca(OH). 

4 

4 

4 

4 

2 

2 

Bleaching 

powder 

2 

2 

2 

2 

2 

2 

NaHSOi 

■i 

3 

3 

3 

2 

2 

NaCI 

3 

1 

4 

2 

3 

1 

CaCl. 

1 

1 

2 

2 

1 

1 

Turpentine 

4 

3 

3 

2 

1 

1 

Linseed  oil 

3 

2 

3 

2 

1 

1 

Fatty  acid 

3 

2 

3 

1 

2 

1 

Dilute  hydrochloric  acid  (.5  per  cent)  makes  redwood 
brittle,  while  25  per  cent  acid  has  a  similar  effect  on  maple 
and  oak;  cypress,  fir,  and  pine  are  unaffected.  Concen- 
trated acid  destroys  all  woods. 

Dilute  sulfuric  acid  (5  per  cent)  has  little  effect  on  any  of 
the  woods,  except  redwood,  which  is  made  brittle.  Cypress 
and  pine  are  not  seriously  attacked  by  cold  25  per  cent  acid, 
Ijut  hot  acid  of  this  strength  and  concentrated  acid  destroy 
all  woods. 

Nitric  acid  has  little  action  in  the  cold  on  cypress,  fir, 
and  pine  in  tiie  5  per  cent  concentration.  The  hot  solution 
attacks  all  woods. 

Maple,  oak,  and  redwood  aro  readily  attacked  by  1  per 
cent  sodium  hydroxide  even  in  the  cold,  cypress  and  pine 
being  unaffected  up  to  10  per  cent  boiling  hot.  Pine  is  not 
affected  by  cold  25  per  cent  sodium  hydroxide  solution. 

Sodium  sulfide  up  to  20  per  cent  concentration  is  destruc- 
tive in  the  cold  only  to  oak  and  redwood. 
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Hot  sodium  carbonate  solution  shrinks  oak  and  softens 
redwood,  and  hot  sodium  chloride  solution  makes  the  latter 
brittle.    The  other  woods  are  not  affected. 

Tiiese  experiments  indicate  that,  except  for  nitric  acid  and 
cau.'itic  soda,  at  least  one  of  tiie  si\  woods  tested  is  suitable 

for  each  of  the  chem- 
icals used,  when  in 
moderate  concentra- 
tions. Cypress,  fir, 
and  pine  are  tiie 
woods  least  affected; 
maple  and  oak  are 
for  general  use,  of  re- 
stricted value.  There 
is  considerable  dilTer- 
ence  of  opinion  re- 
garding redwood. 

Information    Com- 
piled BY  Forest 
Products   L.\b- 

ORATORY 

A  few  years  ago 
the  Forest  Products 
Laboratory  compiled 
information  from 
users  of  wood  in 
chemical  plants.^  Ex- 
periences were  very 
Fig.  u  contradictory,       but 

certain  general   con- 
clusions could  be  drawn. 

For  pickling  tanks  cypress  was  the  most  popular,  with 
white  pine  a  close  second.  The  other  resinous  pines  were 
also  used. 

For  hydrochloric  acid,  any  variety  of  resinous  wood,  if 
impregnated  with  tar  or  other  protective  coating,  was  appar- 
ently suitable. 

For  acetic  acid,  any  wood  was  satisfactory,  with  the  possible 
exception  of  Douglas  fir. 

Cypress  was  preferred  for  saponifications  and  for  most  acid 
•work,  while  long  leaf  pine  was  also  very  popular. 

Filter  press  plates  are  usually  made  of  paraffined  maple, 
although  other  woods  are  sometimes  used. 

Tamarack  is  suitable  for  hydrofluosilicic  acid  up  to  12 
per  cent  and  for  dilute  organic  acids. 

In  general,  the  results  of  the  compilation  check  very  well 
the  experinaental  results  of  Hauser  and  Bahlman.^ 

Solvents 

Wooden  apparatus  for  use  with  alcohol  and  other  solvents 
should  not  be  constructed  of  resinous  woods,  on  account  of 
the  solvent  action  on  the  resins,  but  should  be  made  up  of 
■either  yellow  poplar  or  white  oak.  The  former  imparts  no 
color  or  taste  to  these  liquids,  but  does  not  have  the  strength 
of  the  oak,  which,  however,  gives  up  color  readily  to  many 
of  the  liquids. 


Solutions  whi(;h  absorb  water  readily,  such  as  certain  hot 
concentrated  solutions  of  hydroscopic  salts,  will,  when  brought 
into  contact  with  wood,  partly  dehydrate  it,  causing  it  to 
shrink  and  to  leak.  Other  materials  such  as  hot  tar  have 
somewhat  the  .same  effect. 

Hydrogen  Peroxide 

Maple  has  been  found  to  withstand  the  action  of  10  per 
cent  solutions  of  hydrogen  peroxide  indefinitely. 

Cby.stai.lizing  Tanks 

The  use  of  wood  for 

crystallizing  tanks  is 
unsafe  only  when  the 
wood  has  absorbed 
large  quantities  of  the 
saturated  solutions. 
Under  these  conditions 
the    tendency    is    to  fh-  s 

cause  disintegration  of  the  wood.  If  relatively  nonporous 
wood  be  selected,  wooden  crystallizing  tanks  are  very  satis- 
factory and  are  long  lived. 

Tanks 

Round  wooden  tanks  are  constructed  either  straight  or 
tapered.  The  construction  of  the  bottom,  the  sections  of 
wliich  are  held  together  by  dowel  pins,  and  of  the  stave,  is 
shown  in  Fig.  1.  The  tanks  are  shipped  ready  to  assemble 
according  to  directions  furnished  by  the  makers.  The  tanks 
should  not  be  painted  on  the  inside. 

The  tank  hoops  are  usually  made  of  steel,  preferably  round, 
although  flat  bands  are  sometimes  used,  with  malleable 
iron  lugs.  In  cases  where  the  liquid  handled  uiU  attack 
steel,  monel  metal,  copper,  brass,  or  other  suitable  metal 
should  be  used.  Corrosion  may  be  diminished  by  placing 
under  the  hoops  wooden  blocks  on  at  least  every  alternate 
stave  to  hold  the  metal  away  from  the  sides  of  the  tank. 

The  approximate  cost  at  the  pre.sent  time  of  open  top, 
round,  wooden  tanks  for  staves  2  in.  and  3  in.  thick  is  shomi 
in  Fig.  2. 

The  tanks  should  be  so  supported  that  all  of  the  weight 
comes  on  the  bottom  and  not  on  the  staves,  the  ends  of  the 
latter  clearing  the  floor  by  at  least  an  inch. 

Rectangular  tanks  are  constructed  as  shown  in  Fig.  3. 

These  tanks  are  heavily  rodded,  the  rods  being  made  of 
resistant  metals  and  completely  buried  in  the  wood  where 
necessary  to  avoid  corrosion.  Long  tanks  must  either  have 
a  partition  as  sho\\ii,  or  have  external  bracing.  One  com- 
pany imbeds  the  rods  in  acid-resistant  pitch. 


Fig.  7 

*  Chem.  Mel.  Eng.,  18  (1918),  528. 

*For9ome  further  work  on  this  subject  see  Abrams,  "The  Effect  of 
Chemical  Reagents  on  the  Microstructure  of  Wood,"  This  Journal,  13 
<1921),  786. 


Tanks  to  withstand  a  \acuum  are  usually  made  with  in- 
ternal partitions,  wliile  for  pressure  external  bracing  with 
thick  staves  of  strong  wood  such  as  oak  is  used.  A  tjfpical 
pressure  tank  good  for  40  lbs.  pressure  is  shown  in  Fig.  4. 

Agitators  for  wooden  tanks  can  be  constructed  of  either 
wood  or  metal.    An  all-wood  stirrer  is  shown  in  Fig.  5. 

Revolving  drums  of  wood  are  used  in  tanneries.  These 
must  be  specially  braced  at  the  ends  to  take  care  of  the  bear- 
ings.    Such  a  drum  is  shown  in  Fig.  6. 


610 


THE  JOURNAL  OF  IXDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  7 


Piping 

Modern  piping  for  water  is  made  of  white  pine.  If  the 
water  carries  in  suspension  abrasive  solids,  such  as  fine  coal 
dust,  hard  maple  is  used  and  has  been  found  to  have  about 
ten  times  the  life  of  cast  iron.  For  solutions  of  chemicals 
where  white  pine  would  he  unsuitable,  other  more  suitable 

woods  could 
undoubtedly  be 
used. 

Wood  pipe  is 
made  either  by 
boring  out  a 
solid  log,  or 
with  stave  con- 
struction. An 
example  of  the 
former  is  given 
in  Fig.  7  which 
is  a  type  suitable  for  la\-ing  directly  on  the  floor  of  the 
plant,  the  flat  sides  preventing  rolling.  The  wood  stave 
pipe  is  made  up  as  shown  in  Fig.  S.  The  staves  are  held 
together  by  a  tightly  wound  steel  band  (copper  is  some- 
times used  for  chemical  work)  and  the  whole  pipe  is  then 
given  a  protective  coating  of  asphaltic  composition.  The 
pipes  are  made  with  mortise  (B)  and  tenon  (A)  joints,  as 
shown  in  Fig.  9,  and  connection  is  made  by  dri%ing  the  ends 
together,  giving  a  joint  of  extreme  tightness  when  swelled. 
Fittings  for  water  are  usually  cast  iron,  but  for  chemical 
uses  the  wooden  fittings  are  better.  A  typical  tee  is  shown 
in  Fig.  10. 

Towers  and  Columns 
Wooden  towers  and  columns  can  be  used  advantageously- 
for  handling  gases  and  vapors  containing  acid  or  other  cor- 
rosive substances.     The  WTiter  has  seen  an  ordinary  wooden 
silo  filled  with  coke  in  very  satisfactory  use  as  a  scrubber 
for  furnace  gases  containing  large  amounts  of  sulfurous  and 
sulfuric  acids.    Fig.  11  shows  some  acid  towers  of  wood  (iO 
ft.  high  by  6  ft.  in  diameter,  at  a  paper  mill. 
Filter  Presses 
Modern  box  filters  are  in  common  use  in  chemical  plants 
and  manufacturers  of  plate  and  frame  filter  presses  supply 


^->^^^^^^^^ 


presses  of  suitable  woods  for  handling  difficult  liquors.     Yel- 
low pine  plates  resist  alum  solutions  for  from  6  to  10  mo. 

Protective  Co.4.tings 

Wooden  apparatus  is  used  successfully  with  corrosive 
liquids  when  protected  with  resistant  materials.  The  most 
popular  coating  at  the  present  time  for  acids  is  asphalt  or 
pitch  which  has  been  thorougiily  air-blo^Ti,  appUed  in  a 
layer  at  least  0.25  in.  thick.  Asphaltic  paints  and  similar 
coatings  are  usually  too  thin  to  be  of  lasting  value.  Some 
concerns  line  wooden  tanks  with  pure  Para  rubber  with  hard 
rubber  fittings  to  withstand  concentrated  hydrochloric  acid. 
Such  tanks  have  lasted  for  25  yrs.  Lead  lined  wooden  tanks 
are  used  for  dilute  sulfuric  acid.  .\s  a  general  rule,  however, 
it  is  better,  except  in  difBcult  cases,  as  noted  above,  to  leave 
the  inside  of  the  tank  uncoated  and  unpainted. 
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Apparatus  of  Tran.sparent  Bakelite  for 
Measuring  Hydrofluoric  Acid' 

By  L.  J.  Curtman 

Depart.me.nt   of  Chemistry,  College  of  City    of  New  York. 
New  York,  N.  Y. 

QRADVATE 

HAVING  expermientally  demonstrated  that  48  per  cent 
hydrofluoric  acid  was  without  appreciable  action  on 
transparent  bakelite,  the  writer  had  a  number  of 
10-cc.  graduates  made  from  this  material.  They  have 
proved  verj'  serviceable  in  analytical  work.  Their  shape  is 
loss  flaring  than  the  old  style  conical  graduate  but  more  so 
than  the  cylindrical  graduate,  in  order  to  facilitate  pouring 
hydrofluoric  acid  from  the  usual  wax  containers. 
The  advantages  possessed  by  these  graduates  are: 

1 — They  are  not  attacked  by  hydrofluoric  acid. 

2 — They  are  transparent  and  hence  permit  the  measurement  of  hydro- 
fluoric  acid. 

3 — They  are  less  brittle  than  glass. 

4— They  are  noninflammable. 

."> — They  will  not  soften  or  become  distorted. 

6 — They  can  be  readily  cleaned  with  hot  water. 

MEDICINE  DROPPER 

A  medicine  dropper  made  of  transparent  bakelite  has  been 
found  vastly  superior  to  the  improvised  lead  tubes  which 
have  been  used  heretofore  in  carrying  out  one  of  the  best 
qualitative  tests  for  silica  and  silicates.-  The  transparent 
dropper  enables  one  to  see  the  quantity  of  hydrofluoric  acid 
in  the  tube  and  thus  to  control  the  amount  of  acid  to  be  trans- 
ferred. It  has  the  additional  advantage  over  the  lead  or 
hard  rubber  tubes  of  being  easily  cleaned. 

The  graduate  and  dropper  will  soon  be  manufactured  in 
(luantity  and  will  be  offered  for  sale  by  dealers  in  chemical 
ajiparatus. 

>  Received  April  29,  1922. 

'  See  A.  A.  Noyes,  "Qualitative  Analysis,"  8th  edition,  48. 


Science  Building  at  Tulanc  University 

Construction  has  been  bcRun  on  a  new  building  at  Tulane 
Iniversity  wliicli  will  accoramodalc  the  departments  of  botany, 
zoology,  pharmacology,  and  physiologic  chemistr>'.  The  build- 
ing is  to  cost  about  S18(),(X)(),  of  which  S12.'),000  have  been  sub- 
scribed by  the  (ieneral  Ivducation  Hoard.  The  laboratory  will 
be  equipped  at  a  cost  of  js^il ),()()(),  and  it  is  expected  that  th^ 
building  will  be  completed  in   December. 


.Julv,  1922 
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Syntlusis  of  Urea  from  Ammonia  arui 
Carbon  Dioxide' 

By  Norman  W.  Krase  and  V.  L.  Gaddy 
Fixed  Nitrogkn  Rksisarcii  Lauokat.jkv,  Ami:kican  Univuksitv.  \Vasiiin.;t.js,  I).  C. 


The  follouiing  paper  describes  the  Jcoelopmenl  of  a  process  for  ihc 
synthesis  of  urea  from  ammonia  and  carbon  dioxide.  The  process 
consists  in  the  preparation  of  ammonium  carbamate,  autoclaoing  to 
cause  partial  conversion  to  urea,  distillation  of  the  resulting  sludge  to 
separate  the  urea  from  the  unconuerlcJ  ammonia  and  carbon  dioxide, 
and  condensation  of  the  distillate  u'ilh  additional  gas  to  form  a  new 
charge.  A  small-scale  experimental  plant  for  testing  the  process  was 
built  and  operated. 

A  discussion  of  the  conoersion  reaction  from  a  theoretical  stand- 
point is  given. 

Cost  considerations  lead  to  the  conclusion  that  the  cost  of  urea  by 
this  process  would  be  largely  dependent  on  the  cost  of  ammonia.  It 
seems  possible  that  the  process  might  have  commercial  significance  for 
the  production  of  urea  for  fertilizer  purposes,  and  in  any  case  the 
process  is  of  interest  for  the  production  of  urea  for  its  present  uses  in 
the  arts. 

LIMITATIONS  on  the  use  to  which  urea  has  been  put 
may  be  ascribed  almost  entirely  to  the  difficulties  and 
cost  attendant  upon  its  commercial  production.  In 
recent  years  the  greater  part  of  the  urea  manufactured  in 
this  country  has  been  produced  from  crude  calcium  cyanamide. 
Tlie  jjresent  cost  of  urea  obtained  in  this  manner  limits  its 
use  to  liigh-grade  products. 

The  cliemical  characteristics  of  urea  make  it  adaptable  in 
many  arts ;  its  suitability  as  a  stabilizer  in  explosive  mixtures, 
-as  a  constituent  of  varnishes  and  an  ingredient  in  the  trans- 
parent celluloid  used  for  photogi-aphic  films,  as  a  factor  in 
•organic  sjnitheses  and  medicinal  preparations  is  outstanding 
«\'idence  of  the  usefulness  of  urea  in  technical  processes.  In 
recent  years,  other  uses  for  urea  have  been  discovered,  the 
developments  of  which  have  been  checked  by  cost  considera- 
tions. Foremost  among  these  latent  possibilities  is  the  use  of 
urea  for  fertQizing  piu-poses.  Many  references'  could  be 
cited  showing  the  value  of  urea  as  a  nitrogenous  fertOizer. 
It  is  logical  to  infer  that  greater  and  more  varied  uses  for  urea 
await  improvements  in  methods  for  its  synthesis. 

The  materials  required  in  the  process  herein  described  are 
ammonia  and  carbon  dioxide.  Sources  of  ammonia  are  by- 
product coke  ovens  and  nitrogen  fixation  plants  using  either 
the  cyanamide  or  Haber  process.  Carbon  dioxide  is  a  waste 
product  of  many  industries  and  can  readily  be  concentrated 
if  necessary.  It  should  be  pointed  out,  however,  that  a  plant 
for  the  synthesis  of  ammonia  by  the  Haber-Bosch  process, 
in  which  hydrogen  is  produced  by  the  water-gas  reaction, 
also  supplies  carbon  dioxide  in  large  amounts.  The  gas  com- 
ing from  the  water  used  in  scrubbing  the  nitrogen-hydrogen 
mixture  contains  70  to  SO  per  cent  carbon  dioxide  and  seems 
■entii'ely  adaptable  for  use  in  the  sjii thesis  of  urea  by  the  proc- 
■ess  to  be  described.  Carbon  dioxide  may  also  be  obtained 
from  limekiln  gas,  which  contains  15  to  40  per  cent  carbon 
dioxide,  depending  on  the  type  of  kiln  or  retort.  The  carbon 
dioxide  content  of  the  gas  may  be  increased  by  absorption  in 
water  at  moderate  pressures  (2o  atmospheres)  exactly  as 
carried  out  in  the  water  scrubbers  of  a  Haber  plant. 

'  Received  March  8,  1922. 

"  MiU.  deut.  Landw.  Ges.,  31  (1916),    16,  90;  Jahrb.  deut.  Lande.  Ges..  34 
.(1919).  305;    Wochschr.  Brau.,  36  (1919),  355, 


I'kevious  Work 

Basaroff,' in  1870,  found  that  "consideralile"  quantities  of 
urea  could  be  obtained  by  heating  ammonium  carbamate  in 
sealed  tubes  at  a  tcmijunilure  between  130°  and  140°  C, 
He  also  found  that  commercial  ammonium  carbonate  is  partly 
converted  to  urea  by  similar  treatment,  but  no  yields  are 
given.  Herroun,^  in  ISSl,  discovered  that  urea  and  ammon- 
ium cyanate  are  formed  when  a  mixture  of  air  with  the  vapors 
of  benzene  and  ammonia  solutions  is  passed  over  a  heated 
platinum  wire  and  subsequently  cooled.  These  experiments 
were  performed  in  simple  laboratory  apparatus  and  yielded 
only  sufficient  product  to  serve  for  analysis.  Mixter,^  in 
1882,  sjTithesized  urea  from  ammonia  and  carbon  dioxide  by 
passing  the  mixed  gases  through  a  hot  tube  at  atmospheric 
pressure.  Urea  was  formed  at  the  rate  of  10  to  15  mg.  per 
lir.;  the  quantity  of  ammonia  used  per  hour  is  not  stated, 
however.  Bourgeois,'^  in  1897,  carried  out  experiments  very 
similar  to  those  of  Basaroff,  and  by  alternate  heating  and 
cooling  with  release  of  pressure  managed  to  obtain  a  6  per 
cent  conversion  to  urea.  Finally,  in  1911,  the  reaction  was 
investigated  quite  thoroughly  by  Fichter  and  Becker.' 

Theoretical  Consider.\tions 

In  August  1919,  this  Laboratory  began  an  investigation  of 
the  synthesis  of  urea  from  ammonia  and  carbon  dioxide. 
Preliminary  experiments  were  performed  with  ammonium 
carbamate,  which  was  made  by  passing  ammonia  gas  and 
carbon  dio.xide  into  absolute  alcohol  according  to  the  method 
of  Mente.'  The  ammonium  carbamate  was  sealed  in  hea\'j' 
glass  tubes  and  heated  at  different  temperatures  for  several 
hours.  After  cooling,  the  contents  of  the  tubes  were  removed 
and  analyzed  for  urea.  The  yields  of  urea  were  extremely 
low.  It  was  later  realized  that  several  important  factors 
influencing  this  reaction  were  not  at  first  fully  appreciated,  ' 
These  factors  are  brought  out  by  a  consideration  of  the 
thermochemistry  and  thermodynamics  involved  and  will  be 
briefly  discussed. 

The  formation  of  urea  from  ammonium  carbamate  is 
essentially  expressed  by  the  equation: 


(NHajaCOj  :; 

Ammonium 
carbamate 


CO(NH2)2  +  H2O  -  heat 
Urea  Water 


The  equilibrium  for  this  reaction  in  dilute  solutions  has 
been  determined  by  Lewis  and  Burrows'  at  77°,  110°,  and 
132°  C.  Applying  van't  Hoff's  equation,  the  data  of  Lewis 
and  Burrows  lead  to  the  value  —6400  cal.  for  the  heat  of 
reaction,  whUe  Matignon  and  Frejacques'"  give  for  the  heat 
of  the  reaction  the  calculated  value  —6000  cal.  and  state 
that  the  experiment.ol  value  is  —7700  cal.     The  method  of 

■  J.  prakt.  Chem.,  (2J  1  (1870),  283. 
'  J.  Chem.  Soc,  39  (1881),  471. 
s  Am.  Chem.  J.,  4  (1882-83),  35. 

•  Bull.  soc.  chim.,  [3]  17  (1897),  474. 
'  Bct-.,  44  (1911),  3473. 

>  Ann.,  as  (1888),  235. 

•  J.  Am.  Chem.  Soc,  34  (1912).  1515 
i«  Bull.  soc.  chim.,  31  (1922).  101. 
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experimentally  determining  the  heat  of  reaction  is  not  stated. 
In  any  case,  the  data  are  sufficient  to  show  that  the  reaction 
is  endothermie  and  Jhat  improved  yields  of  urea  w-ill  be  ob- 
tained as  the  temperature  is  raised. 

Although  the  data  of  Lewis  and  Burrows  for  the  equi- 
librium in  this  reaction  are  undoubtedly  satisfactory  for 
dilute  solutions,  nevertheless  the  extrapolation  of  their  re- 
sults to  tlie  concentrated  "melts"  or  solutions  obtained  in 
actual  practice  can  hardly  be  very  reliable.  A  ver>'  rough 
calculation  can  be  made,  however,  on  the  assumption  tliat  the 
fugacities  of  carbamate,  urea,  and  water  are  proportional  to 
the  molal  fractions  of  the  three  substances. 

At  132°  C,  Lewis  and  Burrows  obtained  a  solution  which 
contained  0.967  g.  of  carbamate,  0.0331  g.  urea,  and  1.511  g. 
of  water.  Considering  the  mass  law  expression  where. f',/- 
and  P  are  the  fugacities  of  carbamate,  urea,  and  water,  re- 
spectively, we  obtain  from  the  data  of  Lewis  and  Burrows, 
K  =  0.0385. 

An. analysis"  was  made  of  a  solidified  "melt"  resulting  from 
heating  pure  ammonium  carbamate  at  125°  C.  in  a  sealed 
tube.  The  total  weight  of  the  "melt"  was  1.5464  g.  Its 
urea  content  was  0.4089  g.  Since  water  and  urea  are  formed 
in  equivalent  quantities  w'e  may  take  the  water  content  as 
equal  to 

gQ  X  0.4089  =  0.1227  g. 

Calculating  the  molal  fractions  and  substituting  in  the 
mass  law  expression,  we  obtain 

K  =  0.134. 

It  will  be  noted  that  even  though  the  temperature  is  lower 
than  that  at  which  Lewis  worked,  the  equilibrium  constant 
is  considerably  larger.  This  must  be  due  to  the  incorrectness 
of  our  assumption  that  the  fugacities  of  the  substances  in- 
volved are  proportional  to  their  molal  fractions.  In  all 
probability  the  fugacity  of  the  carbamate  increases  much  more 
rapidly  than  its  concentration  because  of  the  decreased  hydrol- 
ysis in  concentrated  solutions.  From  the  point  of  view  of  the 
manufacture  of  urea  by  this  process  it  is  very  fortunate  that 
higher  jnelds  can  be  obtained  than  would  have  been  predicted 
from  an  extrapolation  of  the  data  of  Lewis  and  Burrows. 

In  connection  with  any  attempt  to  make  theoretical  cal 
culations  as  to  the  yield  to  be  expected  it  must  be  noted  that 
the  system  is  really  one  of  gi'cat  complexity.  We  have  ^ery 
little  information  concerning  the  hydrolysis  of  ammonium 
carbamate,  and  other  secondary  reactions  may  occur  in  the 
"melt,"  as  will  be  noted  from  the  following  list: 

(NH3)2CO,  +  HjO  =  (NH<),CO, 
(NH,)2CO,  =  NH4HCO3  +  NH, 

NH,HCOa  =  NH3  +  CO2  +  H2O 

(NH4)jCO,  =  2NH3  +  CO2  -1-  H2O 

Further  Experimental  Work 

From  the  considerations  just  mentioned  we  can  conclude 
that  the  commercial  .success  of  the  process  lies  in  the  ability 
to  utilize  solid  ammonium  carbamate  as  the  starting  material 
and  that  the  highest  practicable  temperature  should  be  em- 
ployed. The  glass  tube  experiments  were  continued  in  order 
to  determine  the  influence  of  other  factors.  This  laboratory 
was  soon  able  to  establish  conditions  under  which  a  conver- 
sion of  approximately  40  per  cent  of  the  total  ammonia  to 
urea  could  be  consistently  obtained. 

It  is  evident  that  since  the  equilibrium  is  established  in  the 
liquid  phase  and  presumably  only  a  negligible  amount,  if  any, 
of  urea  is  in  the  gaseous  phase,  the  extent  of  conversion  is 
dependent  on  the  ratio  of  the  volumes  of  liquid  and  gas 

'<  Tbe  authors  are  indebted  to  Mc-ars.  E.  J.  Fox  and   L.  Pinck  of  this 
Laboratory  for  analytical  assistance  in  connection  with  this  investigation. 


phases.  Accordingly,  experiments  were  conducted  in  which 
the  weight  of  ammonium  carbamate  in  a  given  reaction 
volume  was  varied  between  wide  limits.  The  density  of 
packing,  as  measured  by  the  grams  of  carbamate  per  cubic 
centimeter  of  the  volume  of  the  container,  was  found  to  be 
an  important  factor  in  determining  tlie  \'ield,  as  is  shown  in 
Fig.  I. 

Another  factor  whose  influence  it  was  desirable  to  deter- 
mine is  the  per  cent  of  water  present  in  the  original  carbamate. 
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In  order  to  obtain  some  qualitative  information  on  this  point, 
a  number  of  mixtures  of  carbamate  and  water  were  subjected 
to  different  temperatures  and  the  time  intcr\-al  necessary  to 
form  a  clear  solution  noted.  This  time  interval  is  a  measure 
of  the  rate  of  heat  conduction  through  the  mixture,  and  while 
it  is,  of  course,  dependent  on  the  dimensions  of  the  container, 
it  does  give  a  qualitative  measure  of  the  rate  of  heat  trans- 
ference through  the  charge.  Fig.  II  shows  these  results 
graphically.  The  effect  of  water  on  the  rate  of  the  reaction 
is,  of  course,  intimately  connected  with  this,  and  the  results 
of  experiments  in  which  mixtures  containing  different  per- 
centages of  water  were  heated  for  1  hr.  at  150°  C.  are  graphi- 
cally shown  in  Fig.  III.  The  very  rapid  increase  in  tiie  rate  of 
the  reaction  with  the  addition  of  small  percentages  of  water 
is  noteworthy.  It  is  believed  that  this  effect  is  due  primarily 
to  the  better  heat  conductivity  of  the  material  containing 
water.  Additions  of  water  greater  than  about  1.5  per  cent 
apparently  result  in  a  partial  re\'ersal  of  the  reaction. 

The  laboratory  experiments  just  described  yielded  the 
information  that  solid  ammonium  carbamate  is  the  best  start- 
ing material  for  the  urea  conversion  reaction  and  that  the 
yield  of  urea  is  markedly  dependent  on  the  density  of  packing 
of  the  charge.  Qualitative  information  regarding  the  effect 
of  water  on  the  rate  of  heat  conductance  through  the  charge 
and  the  effect  of  water  on  the  rate  of  conversion  was  obtained. 
The  further  developments  arising  from  the  operation  of  a 
small-scale  plant  will  now  be  described. 

ExPERIMIiNTS  WITH  SmALL  EXPERIMENTAL  PlANT 

preparation  of  ammontom  carbamate — Previous  workers 
in  this  field  have  u.sed  the  method  of  Mentc,'  in  which  am- 
monia and  carbon  dioxide  are  passed  into  cold  absolute  alco- 
hol, ammonium  carbamate  separating  out.  The  use  of 
absolute  alcohol,  of  course,  limits  the  use  of  this  method  to  a 
laboratory  scale.  Another  objection  is  that  it  is  impossible 
to  remove  the  last  traces  of  alcohol  from  the  precipitated 
carbamate.  According  to  Fichtcr  and  Becker,'  traces  of 
alcohol  exercise  an  inhibiting  effect  on  the  formation  of  urea, 
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but  the  present  writers  Iiave  not  been  able  to  substnntijilc 
this.  An  analysis  of  their  data  indicates  that  more  than  one 
influencing  factor  was  varied  at  one  time,  and  the  decreased 
yield  may  be  in  part  accounted  for  bj'  a  decreased  density  of 
packing. 

Other  known  methods  of  preparinn  ammonium  carbamate 
involve  the  use  of  nonaqueous  li(iuids  in  which  carbamate  is 
not  appreciably  soluble,  the  condensation  of  gaseous  mix- 
tures on  cold  surfaces,  or  the  use  of  liquid  ammonia  and 
gaseous  carbon  dioxide. 

In  view  of  the  fact  that  this  Laboratory  was  contemplating 
a  series  of  investigations  in  which  about  10  to  12  lbs.  of  am- 
monium carbamate  would  be  used  during  a  single  conversion 
experiment,  it  was  necessary  U>  develop  a  method  for  con- 
veniently i)roparing  large  quantities  of  this  material.  The 
use  of  li(iui(l  ammonia  and  g:iM'ous  carbon  dioxide  was 
thoroughly  tested,  with  several  gallons  of  liquid  annuonia  at 
a  time.  It  was  concluded  that  this  method  of  preparation 
was  wasteful  of  ammonia  and  too  expensive  to  warrant  fur- 
ther consideration.  Another  fartor  that  largely  determined 
the  course  of  further  experiments  developed  after  some  con- 
versions had  been  carried  out  in  the  large  autoclave.  It  was 
realized  that  the  urea  formed  from  ammonium  carbamate 
would  be  mixed  with  water  and  unchanged  ammonium  car- 
bamate, since  an  equilibrium  had  been  definitely  established 
at  approximately  40  per  cent  conversion.  The  logical 
method  of  separation  was  to  distil  off  the  ammonia,  carbon 
dioxide,  and  some  of  the  water,  and  to  recondense  the  vapors 
to  form  ammonium  carbamate  for  a  repetition  of  the  conver- 
sion reaction.  In  fact,  the  whole  success  of  the  process  of 
producing  urea  from  ammonimn  carbamate  seemed  intimately 
linked  with  the  development  of  a  condenser  to  recover  the 
unchanged  ammonia  for  further  use  in  the  process.  Data  on 
which  to  base  a  reliable  calculation  as  to  the  capacity  and 
efficiency  of  a  condenser  were  not  available.  An  apparatus 
suitable  for  investigating  this  point  was  therefore  constructed. 

CONDENSATION  OP  MIXTURES  OF  .\MMONIA,  CARBON  DIOXIDE, 

AND  w.\TER — The  vapor  pressure  temperature  relations  of 
ammonium  carbamate  at  temperatures  from  80°  to  200°  C. 
ha\-e  been  carefully  measured  by  Briner,'^  whose  results  are 
shown  graphically  in  Fig.  IV.  In  order  to  extend  this  curve 
to  lower  temperatures,  data  have  been  collected  from  other 
sources,  as  indicated  in  Table  1 . 

Table  1 — Vapor  Pressure  of  .Ammonium  Carbamate 

Temperature  Vapor    Pressure 

°  C.  Cm.  Hg  Source   of    Data 

0  1.24  M.  and  F.' 

10  2.98  M.  and  F. 

20  6.20  M.  and  F. 

30  12.40  M.  and  F. 

40  24. SO  M.  and  F 

SO  47.00  M.  and  F. 

55  60.00  M.  and  F. 

60  77.00  M.  and  F. 

77.2  227.00  B.= 

81.0  240,  BS  M.  and  F. 

98.5  640.00  B. 

100  686.00  M.  and  F. 

I  Matignon  and  Frejacques,  Compl.  rend.,  170  (1920),  462. 

'  Briner,  J.  chim.  phys.,  4  (1906),  266. 

From  these  data  it  is  possible  to  calculate  by  means  of  the 
Clausius-ClapejTon  equation,  the  heat  of  condensation  (or 
vaporization)  of  ammonium  carbamate.  Between  the 
temperatures  of  80°  and  25°  C.  the  heat  of  condensation  as 
given  by  this  equation  is  12,380  cal.  per  mole  (78  g.).  The 
separation  of  the  unchanged  carbamate  from  the  urea  would 
probably  be  effected  by  distillation  at  a  temperature  not 
exceeding  80°  C.  because  of  the  instabihty  of  urea  at  higher 
temperatures.  The  ad\-antages  of  condensing  carbamate  at 
about  25°  C.  are  ob\'ious.  The  association  of  such  large 
quantities  of  heat  \\"ith  the  condensation  (or  vaporization)  of 
this  compound  is  e\idently  due  to  the  fact  that  in  addition 

"  J.  chim.  phys.,  4  (1906),  266. 


to  the  latent  heat  we  must  include  the  heat  of  combination 
(or  dissociation)  of  ammonia  and  carbon  dioxide,  since  the 
vapor  of  ammonium  carbamate  is  a  mixture  of  these  two 
separate  gases. 

In  addition  to  the  necessity  of  removing  such  large  cjuanti- 
ties  of  heat  from  the  condensate  it  was  known  that  solid 
ammonium  carbamate  is  a  \ery  poor  conductor  of  heat;  con- 
sequently the  writers  were'  confronted  with  the  problem  of 
removing  this  heat  through  a  layer  of  ammonium  carbamate 
which,  as  previously  mentioned,  is  a  very  poor  conductor  of 
heat.  The  methods  in  commercial  use  for  the  preparation 
of  similar  compounds,  such  as  ammonium  carbonate,  employ 
very  large  surfaces  on  which  the  vapors  slowly  condense. 
The  condensate  is  removed  by  breaking  off  the  layers  either 
by  mechanically  beating  the  large  metal  sheets  that  form  the 
condensing  surface  or  by  other  similar  and  etiually  cumber- 
some processes.  These  methods  do  not  appear  to  be  appli- 
cable to  the  present  process,  especially  in  the  case  of  smaU 
installations  where  compactness  of  apparatus  is  essential. 
It  appeared  that  a  limited  surface  kept  constantly  cold,  and 
from  which  the  condensate  could  be  continuously  removed 
by  some  sort  of  scraping  device,  would  be  a  better  solution 
of  the  problem. 

The  condenser  used  in  this  work  was  designed  to  operate 
on  this  principle  and  consisted  essentially  of  a  cylindrical  tube 
surrounded  by  a  jacket  in  which  the  cooling  medium  was 
circulated  and  provided  with  a  rotating,  scraping  blade  fitting 
closely  inside  the  cooled  tube.  The  mixed  gases,  ammonia 
and  carbon  dioxide,  together  with  the  desired  quantity  of 
water  vapor,  were  led  into  the  upper  end  of  this  tube  and 
condensed  out  on  the  cool  walls  from  which  the  condensate 
was  continuously  remo\'ed  by  the  revolving  blade. 

CONDENSATION  EXPERIMENTS — In  Order  to  determine  the 
efficiency,  capacity,  and  operating  characteristics  of  the  con- 
denser, an  investigation  of  the  condensation  of  measured 
quantities  of  ammonia,  carbon  dioxide,  and  water  was 
undertaken.  For  this  work  the  two  gases,  ammonia  and 
carbon  dio.xide,  were  separately  measured  by  means  of 
calibrated  orifice  meters;  the  carbon  dioxide  was  then 
passed  through  a  saturator  containing  water  at  such  a 
temperature  that  the  desired  quantity  of  water  was 
carried  along  with  the  gas.  The  ammonia  and  humidified 
carbon  dioxide  were  then  led  through  a  chamber  and  inti- 
mately iruxed  at  such  a  temperature  that  no  condensation 
occurred.  From  the  mixing  chamber  the  gases  entered  the 
condenser  where  the  gas  mixture  came  into  contact  with  the 
cold  condenser  wall  and  deposited  out  in  a  laj'er  that  was 
continuously  scraped  off  by  a  blade  revolving  at  about  50 
r.  p.  m.  The  condensate  was  allowed  to  fall  into  a  hopper 
provided  at  the  lower  end  of  the  tube. 

A  series  of  experiments  were  made  with  different  rates  of 
flow  of  gas  into  the  condenser  and  different  percentages  of 
water  in  the  gas.  In  each  case  the  ratio  of  the  volumes  of 
ammonia  to  carbon  dioxide  was  2  :  1  as  in  ammonium  car- 
bamate. Results  of  these  experiments  are  graphically  shown 
in  Fig.  V.  Examination  of  these  curves  reveals  a  character- 
istic relation  between  the  rate  of  flow  of  the  gases  into  the 
condenser  and  the  efficiency  of  condensation.  With  a  fixed 
percentage  of  water  each  curve  shows  a  definite  maximum 
efficiency  which  decreases  when  the  rate  of  gas  flow  is  raised 
or  lowered.  It  is  probable  that  this  region  of  maximum 
efficiency  is  a  function  of  the  turbulence  of  the  gases  in  the 
condenser  and  of  the  space  velocity.  It  is  also  noteworthy 
that  the  efficiency  is  dependent  on  the  water  content  up  to  a 
limiting  value  of  about  1  per  cent.  The  curves  comprising 
Fig.  VI  show  the  effect  of  the  rate  of  gas  flow  on  the  capacit}', 
or  hourly  production,  of  the  condenser.  It  is  seen  that  with 
a  fixed  water  percentage  the  capacity  increases  to  a  constant 
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value  which  repreaents  the  maximum  output  of  ammonium 
carbamate  with  a  specified  water  content  regardless  of  the 
amount  of  gas  sent  into  the  condenser.  Sufficient  data  have 
been  collected  from  these  experiments  to  afford  a  basis  for  an 
approximate  calculation  of  the  efficiency  and  capacity  of 
larger  condensers  of  the  same  general  type. 
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USE    OF    ASIMONIUM    CARB.\MATE    BRIQUETS — In    all    other 

processes  of  a  similar  nature,  and  in  the  several  German 
patents  on  the  process,  it  is  apparently  necessary  to  cool 
Ao\w\  the  autoclave  before  each  introduction  of  the  charge. 
The  volatility  of  ammonium  carbamate  and  its  high  vapor 
pressure  at  elevated  temperatures  served  to  increase  the 
difTiculties.  Finally,  however,  the  idea  of  forming  carbamate 
into  a  briquet  of  such  a  size  as  to  enter  the  autoclave  easily 
was  adopted.  Experiments  on  briquetting  the  charge  showed 
that  the  material  was  well  suited  to  the  production  of  strong 
and  easily  handled  britiuets  even  when  subjected  to  the 
small  pressures  availalilc  in  the  simple  briquetting  press  that 
was  assembled  for  these  experiments.  A  test  of  loading  the 
autoclave,  previously  heated  to  the  working  temperature, 
150°  C,  with  one  of  these  briquets  was  then  made.  The 
entire  practicabilitj^  of  this  method  of  loading  was  demon- 
strated in  an  apparatus  that  was  not  entirely  suitable  for  a 
fair  test  since  the  operation  of  closing  the  autoclave  after  the 
introduction  of  the  charge  was  unnecessarily  slow.  With  a 
propcrlj'  designed  rapid  closing  head,  no  difficulty  should  be 
experienced  in  introducing  the  charge  without  cooling  the 
autoclave. 

Experiments  were  then  continued.  The  results  of  the 
glass  tube  experiments  were  substantiated,  the  yield  of  urea 
being  consistently  in  the  region  of  40  per  cent;  that  is,  40 
per  cent  of  the  ammonia  originally  present  in  the  charge  of 
carbamate  was  converted  to  urea  in  the  course  of  approxi- 
mately 4  hrs.  In  one  experiment  a  conversion  of  41.1  per 
cent  was  obtained. 

coffVERSiON  EXPERiME>fTS — Examination  of  the  vapor 
pressure  curve  in  Fig.  IV  shows  the  high  pressures  that  the 
autoclave  in  which  the  conversion  reaction  is  carried  out 
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must  withstand.  Consequently,  the  autoclave  used  in  these 
experiments  was  tested  to  a  pressure  of  2500  lbs.  per  sq.  in. 
previous  to  its  use.  The  working  pressure  was  calculated 
to  be  between  1200  and  1800  lbs.  per  sq.  in.  It  was  known 
that  ammonium  carbamate  under  the  conditions  of  the  con- 
version attacks  steel.  The  parts  coming  into  contact  with 
the  charge  were  therefore  i)rotectpd  by  a  thick  layer  of  tin. 
The  main  body  of  the  autoclave  was  a  section  of  extra  heavy 
steel  pipe  18  in.  long  and  4.7.">  in.  inside  di.'iinetor.     The  pipe 


was  threaded  at  both  ends  to  receive  flanges,  to  which  in 
turn  were  bolted  the  top  and  bottom  flanges  that  closed  the 
openings  at  each  end.  A  steam  jacket  around  the  pipe  and 
suitable  means  for  measuring  the  pressure  and  temperature  of 
the  charge  were  provided.  The  capacity  of  the  finished  auto- 
clave was  0.174  cu.  ft.  or  4.93  liters,  and  it  was  capable  of 
containing  12  lbs.  or  5500  g.  of  ammonium  carbamate. 

Effect  op  Water  on  the  Co>fVERsiON 

The  effect  of  water  on  the  conversion  reaction  was  first 
studied,  since  it  was  necessary  to  know  the  limits  within 
wliich  good  yields  could  be  obtained.  Autoclave  charges 
were  prepared  containing  percentages  of  water  ranging  from 
1  to  10.  These  charges  were  carried  through  the  conversion 
reaction,  and  the  yield  was  noted  in  each  case.  The  results 
are  shown  graphically  in  Fig.  VII.  As  was  expected,  the 
addition  of  water  to  the  system 

(NHs).,COo  :;=±  C0(NH..)2  +  H2O 

resulted  in  a  partial  reversal  of  the  reaction  and  a  consequent 
decrease  in  the  percentage  of  ammonia  converted  to  urea. 
The  figure  shows  that  each  per  cent  of  water  added  lowered 
the  conversion  api)ro.\imately  1  per  cent.  There  is,  there- 
fore, considerable  latitude  permissible  in  the  operation  of  the 
condenser,  since  variations  of  several  per  cent  in  the  water 
content  of  the  ammonium  carbamate  cause  only  a  small  loss 
in  the  conversion. 

Effect  of  Temperature  on  the  Conversion 

The  temperature  at  which  the  conversion  reaction  is  carried 
out  was  showni  by  the  preliminary  exjieriments  to  have  a 
marked  influence  on  the  equilibrium.  A  study  of  this  factor 
was  next  made.  Two  charges,  each  containing  7.5  per  cent 
of  water,  were  autoclaved;  one  was  heated  at  approximately 
150°  C.  for  4  hrs.,  the  other  at  approximately  140°  C.  for  the 
same  period.  The  yields  were  34  and  19.75  per  cent,  re- 
spectively. These  very  significant  results  indicate  that  the 
reaction  is  endothermic  and  is  probably  accompanied  by  an 
appreciable  heat  change.  It  is,  therefore,  very  desirable  to 
maintain  as  high  a  temperature  as  possible  during  the  course 
of  the  conversion.  The  limitation  on  the  extent  to  which  the 
temperature  may  be  increased  is  e\idcnt  from  the  \-ai)<)r 
pressure  curve  already  referred  to  (Fig.  IV)  and  involves 
mechanical  considerations  regarding  the  strength  of  the 
autoclave. 

Effect  of  Water  on  the  Equiubrium  Pressure 

The  experiments  to  determine  the  elTect  of  water  on  the 
equilibrium  showed  that  the  maximum  iircssun^  of  the  sys- 
tem was  dei)pndent  on  the  original  water  content  of  the 
charge.  This  relation  is  shown  in  Fig.  VIII.  Matignon 
and  Frejacqucs"  while  working  with  dry  carbamate  obtained 
a  pressure  of  55.09  atmospheres  (810  lbs.  per  sq.  in.)  at  150°  C. 
This  is  close  to  the  value,  approximately  900  lbs.  jjorsq.  in., 
obtained  by  an  extrapolation  of  the  curve  in  Fig.  VIII  to  0 
per  cent  water.  It  may  be  noted  that  an  increase  in  the 
percentage  of  water  is  accompanied  by  an  increase  in  the 
total  pressure  of  the  charge.  A  possible  explanation  of  this 
surprising  fact  is  that  a  change  in  the  gaseous  eciuilibrium 
results,  due  to  a  change  in  composition  of  the  liquid  phase. 
As  the  conversion  proceeds,  water  is  formed  and,  if  we  may 
make  the  somewhat  doubtful  assumption  that  increased  per- 
centages of  ammonia  are  being  removed  from  the  gas  phase 
because  of  its  greater  solubility  in  water,  we  must  expect  an 
increased  total  pressure  as  the  eiiuilibrium  adjusts  itself  by 
an  increased  ])artial  pressure  of  carbon  dioxide. 

It  will  be  noted  that  the  pressures  obtained  are  of  the  same 
magnitude  as  those  used  in  the  Haber  process  for  the  synthe- 

•>  Compl.  rend.,  171  (1920).  1003 
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sis  of  ammonia.  Tlie  prolilem  of  tlesigninR  apparatus  to 
operate  at  these  pressures  is,  liowever,  imicli  simpler  since 
we  are  dealing  with  a  much  Iciwcr  temperature  and  with 
heavier  gases,  and  consequently  the  iiuestion  of  the  porosity 
of  metals  to  gases  does  not  enter.  .Moreover,  it  is  necessary 
to  maintain  this  higli  pressure  only  in  one  stage  of  the  i)roc- 
ess  and  not  in  pipe  connections  where  ordinarily  great  dilli- 
culties  arise.  Furthermore,  it  is  necessary  to  use  autoclaves 
of  small  diameter  in  order  to  cau.se  rapid  transfer  of  heat 
through  the  charge,  and  thcrefoie  the  difficulties  of  holding 
the  pressure  are  much  reduced.  Only  mechanical  considera- 
tions limit  the  height  of  the  autoclave. 

Distillation  of  Autoclave  Sludge 

One  step  in  the  process  still  to  be  investigated  was  the 
distillation  of  the  autoclave  shulge,  to  separate  the  uncon- 
verted ammonium  carbamate  ami  tondense  it  for  further  use  in 
the  process.  For  these  experiments  actual  sludges,  formed 
by  the  con\'ersion  of  the  carbamate  charge,  were  discharged 
into  the  still. 

The  composition  of  the  sludges  was  approximately  the 
same  for  all  distillation  experinirnts;  40  per  cent  of  the  total 
ammonia  was  in  the  form  of  un\a,  and  the  remainder  was 
combined  with  carbon  dioxide  in  the  proportion  of  two  moles 
of  ammonia  to  one  of  carbon  dioxide.  A  quantity  of  water 
equivalent  in  moles  to  the  quantity  of  urea  was  also  present. 

The  sludge  was  released  slowly  from  the  autoclave  into  the 
still  and  cooled  to  about  57°  to  59°  C.  In  order  to  insure 
uniform  composition  in  all  parts  of  the  sludge  and  to  facilitate 
the  escape  of  vapor,  the  still  was  equipped  with  a  stirring 
device.  Fig.  IX  shows  the  complete  installation.  The  still 
was  provided  mth  a  jacket  and  fitted  up  so  that  either  cooling 
water  or  steam  could  be  circulated. 

The  results  of  the  conversion  experiments  indicated  that 
about  40  per  cent  of  the  ammonia  would  be  removed  from 
each  charge  as  urea.  Assuming  that  the  remaining  CO  per 
cent  could  be  recovered  by  distillation  and  condensation,  it 
became  necessary  to  make  up  this  deficiency  during  the  for- 
mation of  the  new  autoclave  charge.  The  most  direct  method 
was  to  introduce  the  "make-up''  gases  into  the  gas  stream 
distilling  from  the  sludge  and  thus  utilize  the  same  condenser 
for  both  pui'poses — recovery  and  "make-up"  of  the  deficiency. 
Tliis  procedure  was  thorouglJy  tested. 

DISTILLATION  EXPERIMENTS — In  the  first  experiments  on 
the  distillation  of  sludges  the  gases  were  allowed  to  pass  over 
into  the  condenser  as  a  result  of  their  own  vapor  pressure. 
Additional  or  "make-up"  ammonia  and  carbon  dioxide  were 
mixed  with  these  vapors  just  before  their  entrance  into  the 
condenser.  The  course  of  the  distillation  could  be  followed 
from  the  results  of  analyses  of  the  sludge  residue  taken  from 
time  to  time  during  the  distillation.  The  amount  of  "make- 
up" gas  was  determined  bj'  metering  the  ammonia  and  carbon 
dioxide.  The  general  conclusion  from  these  experiments  is 
that  the  rate  of  distOlation  as  governed  by  the  vapor  pressure 
of  the  solution  is  too  slow  to  be  practicable.  It  is  not  possible 
to  heat  the  solution  to  a  sufficiently  high  temperature  to  give 
a  satisfactory  current  of  ^■apor,  since  above  80°  urea  de- 
composes on  continued  heating  in  solution.  It  was  very 
e\-ident  that  some  carrier  for  the  gases  must  be  provided  to 
hasten  the  distillation  at  lower  temperatures. 

DiSTiLixATiON  WITH  CARBON  DIOXIDE — The  Selection  of 
carbon  dioxide  as  the  carrier  gas  was  largel}^  due  to  its  relative 
cost  as  compared  with  ammonia.  Under  the  conditions  of 
operation  it  seemed  probable  that  a  small  fraction  of  the  car- 
rier gas  would  be  lost,  but  the  excess  of  carbon  dioxide  in  the 
condenser  would  effect  a  higher  percentage  of  ammonia 
utilization.  Consequently,  the  use  of  carbon  dioxide  as  a 
carrier  gas  is  justified.  In  this  connection  it  may  be  well  to 
refer  to  the  possibility  of  recirculating  the  gases  coming  out 


of  the  condenser  instead  of  passing  them  into  acid  for  the  re- 
covery of  uncondensed  ammonia.  This  recirculation  would 
effect  a  saving  of  both  carbon  dioxide  and  ammonia,  and  de- 
serves consideration.  No  attempt  was  made  in  this  work  to 
test  out  the  practicabilitj^  of  recirculation. 

In  these  distillation  experiments,  the  apparatus  was 
arranged  so  that  carbon  dio.xide  could  be  forced  through  the 
liquid  sludge  and  then  through  the  jacketed  pipe  leading  to 
the  condenser.  A  tube,  connected  to  the  vent  in  the  hopper  of 
the  condenser  and  dipping  into  water,  gave  an  indication  of 
the  volume  of  gas  passing  through  the  system  without  con- 


densing. The  flow  of  carbon  dioxide  was  regulated  so  that 
this  volume  of  escaping  gas  was  very  small.  Several  sludges 
were  distilled  in  a  stream  of  carbon  dio.xide  and  without  add- 
ing any  "make-up"  ammonia  in  order  to  test  the  efficiency  of 
the  carrying  agent.  Results  showed  that  all  but  a  few  per 
cent  of  the  ammonia  could  be  removed  from  the  liquid  sludge 
when  carbon  dioxide  was  used  as  a  carrier  and  that  complete 
condensation  of  the  ammonia  distilled  off  could  be  obtained 
under  proper  conditions.  The  rate  of  distillation  and  the 
smoothness  of  the  heating  curve  of  the  sludge  were  found  to 
be  important  factors  bearing  on  the  efficiency  of  condensa- 
tion. The  rate  of  distillation  is  of  course  governed  by  the 
capacity  of  the  condenser.  From  Fig.  VI  we  see  that  the 
maximum  capacity  at  100  per  cent  efficiency  is  about  700  g. 
per  hr.  The  autoclave  has  a  capacity  of  about  4500  g.  in  4  hrs. 
or  1125  g.  per  hr. — ^very  nearly  twice  the  capacity  of  the 
condenser.  It  is  to  be  expected  that  the  preparation  of 
an  autoclave  charge  cannot  therefore  be  efficiently  carried 
out  in  4  hrs.  with  the  apparatus  described.  These  experi- 
ments indicated  that  it  was  possible  to  condense  completely 
the  vapor  distiOing  from  a  sludge. 

The  sludges  have  a  boiling  point,  or  region,  where  the 
distOlation  wiU  proceed  regularly  and  uniformly.  If  super- 
heating is  attempted  it  is  to  be  expected  that  control  of  the 
flow  of  gas  will  be  difficult.  We  have  found  that  this  boiling 
range  is  at  about  57°  to  59°  C;  if  this  temperature  is  main- 
tamed  throughout  most  of  the  distillation  a  steady  stream  of 
vapor  can  be  passed  into  the  condenser.  When  most  of  the 
gaseous  constituents  of  the  sludge  have  been  distiUed  off  it 
is  necessary  gradually  to  increase  the  temperature  until  about 
80°  C.  is  reached.  With  these  results  obtained,  the  final  step 
of  the  investigation  was  to  combine  the  use  of  the  carrier  and 
the  addition  of  "make-up"  ammonia. 

It  can  be  seen  that  continuous  operation  of  this  process  is 
possible  when  the  capacities  of  the  autoclave  and  condenser 
are  the  same;  that  is,  the  condenser  must  produce  during 
the  period  of  conversion  just  as  much  ammonium  carbamate 
as  the  autoclave  requires  for  one  charge.     Since  continuous 
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operation  is  most  economical  because  it  avoids  the  intermit- 
tent heating  and  cooling  of  the  autoclave,  this  object  has  been 
kept  always  in  viev,'. 

DISTILLATION'  WITH  C.\RBOX  DIOXIDE   CARRIER  AND  "mAKE- 

up"  ASiMONiA — A  .series  of  six  di.stillations  was  performed  in 
which  the  heating  curves  were  strictlj'  comparable,  the  vol- 
ume of  carrier  approximately  con-stant,  and  the  rate  of  addi- 
tion of  "make-up"  ammonia  varied  between  wide  limits. 
The  time  of  distillation  was  limited  to  4  hrs.,  and  the  operation 
with  different  rates  of  flow  of  ammonia  studied.  In  these 
experiments  the  "make-up"  ammonia  was  introduced  into 
the  stream  of  vapor  coming  from  the  sludge  just  as  these 
vapors  entered  the  jacketed  pipe  leading  to  the  condenser. 

The  efficiency  of  condensation  in  this  series  varied  from  a 
little  above  50  per  cent  to  82  per  cent.  High  rates  of  flow, 
7.&4  1.  of  ammonia  per  min.,  caused  the  formation  of  a  mist 
in  the  condenser  which  led  to  low  efficiencies.  The  best 
efficiencj'  was  obtained  with  an  ammonia  flow  of  3.9.5  1.  per 
min.  Attempts  to  operate  the  condenser  at  capacity  were 
made.  In  one  experiment,  4275  g.  of  condensate  were 
formed  in  4.2  hrs.,  at  the  rate  of  1017  g.  per  hr.  and  with  an 
eflSciency  of  73.8  per  cent.  This  shows  that  even  a  small 
condenser  such  as  we  have  used  can  be  made  to  produce  fairly 
large  amounts  of  condensate  at  a  sacrifice  of  efficiency.  In 
commercial  operation  circumstances  may  make  this  per- 
missible, especially  when  ammonia  compounds  such  as  ni- 
trate, chloride,  or  sulfate  are  being  produced  at  the  same 
plant.  The  possibility  of  recirculation  of  the  gases  coming 
out  of  the  condenser  should  be  considered  in  this  connection. 

Recovery  and  Purification  of  Urea 

After  distillation,  the  sludge  residue  consists  essentially  of 
urea  and  water  with  small  amounts  of  ammonia  and  carbon 
dioxide.  Evaporation  to  dryness  would  normally  yield  fairly 
pure  urea,  since  all  other  constituents  are  volatile.  In  these 
experiments,  however,  all  iron  surfaces  were  not  protected 
from  the  action  of  the  sludge,  and,  as  a  result,  the  urea  con- 
tained several  per  cent  of  iron  o.xide.  Practically  pure  urea 
was  obtained  by  partial  evaporation,  filtration  from  iron 
hydroxide,  and  finally  e\-aporation  to  drjTicss.  A  single  re- 
crystallization  makes  the  material  chemically  pure.  For 
fertilizer  purposes  direct  evaporation  of  the  sludge  residue  to 
dryness  should  suffice. 

Resume  of  Process 

The  synthesis  of  urea  from  ammonia  and  carbon  dioxide 
as  developed  by  the  operation  of  a  small  experimental  plant 
is  as  follows: 

1 — The  original  charge  of  ammonium  carbamate  is  prepared 
by  condensing  a  mixture  of  ammonia,  carbon  dioxide,  and  water 
vapor  in  a  condenser  provided  with  a  rotating,  scraping  blade. 

2 — The  carbamate  charge  is  formed  by  means  of  pressure  into 
briquets  of  such  size  as  to  fit  easily  into  the  autoclave,  which  is 
kept  continuously  at  150°  C. 

3 — The  briquetted  charge  of  carbamate  is  placed  in  the  hot 
autoclave  and  the  conversion  to  urea  is  carried  out  at  150°  C. 

4 — The  converted  charge  (now  liquid)  is  released  slowly  into 
a  still  and  the  unconverted  ammonia  and  carbon  dioxide  distilled 
off  and  recondensed  together  with  additional  gas  to  re-form  a 
new  charge  of  carbamate. 

Cost  Considerations 

The  (lata  obtained  in  the  operation  of  our  small  experi- 
mental plant  do  not  furnisii  a  satisfactory  basis  for  estimating 
the  probable  cost  of  commercial  production  of  urea  by  this 
process.  They  do,  however,  serve  to  indicate  in  a  general 
way  its  commercial  possibilities. 

As  previously  stated,  the  only  materials  required  are  am- 
monia'and  carbon  dioxide.    The  cost  of  the  ammonia  is  of 


course  very  important,  and  will  depend  on  the  market  value 
of  uncombined  ammonia  gas.  Carbon  dioxide  is  a  waste 
product  in  a  number  of  manufacturing  processes  and  its  cost 
will,  therefore,  largely  depend  on  how  advantageously  the 
urea  plant  is  located  with  respect  to  a  suitable  source  of  waste 
carbon  dioxide.  The  operation  of  a  urea  plant  in  conjunction 
with  a  direct  ammonia  sjmthesis  plant,  using  the  water-gas 
reaction  for  hydrogen,  would  be  particularly  advantageous  in 
that  respect.  Even  regarding  the  process  merelj-  as  a  means 
of  "fixing"  ammonia  for  fertilizer  use,  carbonic  acid  has  a 
number  of  decided  advantages  over  sulfuric  or  hj-drochloric 
acids,  and,  therefore,  urea  maj-  command  a  premium  o\-er 
ammonium  sulfate  and  ammonium  chloride. 

The  equipment  required  for  the  process  is  comparatively 
simple  but  is  of  somewhat  special  design.  As  a  result  of 
the  nature  of  the  process,  the  units  of  a  commercial  plant  will 
probably  ha\e  to  be  comparatively  small  and  for  that  reason 
the  processing  cost  may  be  higher  per  ton  of  product  than  in 
certain  other  processes.  The  process  is,  however,  quite 
simple. 

The  labor  charges  should  not  prove  to  be  high  in  commer- 
cial operation  of  the  process.  The  handling  of  the  material 
can  be  made  very  largely  mechanical  and  the  control  is 
essentially  mechanical  also. 

From  the  information  available,  it  may  be  concluded  that 
the  cost  of  ammonia  wiU  constitute  the  principal  cost  of  urea 
made  bj'  this  process.  The  process,  therefore,  unquestion- 
ably possesses  important  commercial  possibilities. 
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Civil  Service  Examination 

The  United  vStates  Civil  Service  Commission  has  announced 
an  examination  for  civil  service  examiner  (junior  grade)  on  July 
5,  lt)22,  to  fill  positions  under  the  Civil  Service  Commission, 
Washington,  D.  C,  at  f.1000  to  Sl-00  a  year.  The  duties  con- 
sist of  the  preparation  and  rating  of  the  various  technical,  scien- 
tific, professional,  and  clerical  examinations  announced  by  the 
Civil  Service  Connnission  for  filling  vacancies  in  the  field  or 
departmental  .service  of  the  Government,  and  conferring  with 
the  heads  of  departments  or  governmental  agencies  concerning 
vacancies  and  the  requirements  for  satisfactorily  filling  them. 
Registers  of  eligibles  will  be  established  as  follows:  first,  of  those 
attaining  an  eligible  average  in  the  basic  subjects,  and,  second, 
of  those  who  attain  an  eligible  average  in  the  basic  subjects  and 
an  eligible  rating  in  the  optional  subjects.  Competitors  will 
be  rated  as  follows:  a  discussion  of  at  least  300  words  on  one  of 
three  topics,  to  be  written  in  the  examination  room — 40;  general 
information — 40;  education,  training,  and  experience — 20. 
Applicants  may  t)e  examined  in  not  more  than  two  of  the  follow- 
ing optional  subjects,  and  must  state  in  application  in  which 
they  desire  to  be  examined;  geoIog>-,  French,  Spanish,  Italian, 
German,  theory  of  accounts,  general  law,  economics,  sociology, 
chemistry,   physics,   editing,   and  proofreading. 


Investigation  of  Sands  Used  in  Aluminium-Alloy 
Foundry  Practice 

The  Bureau  of  Mines,  as  one  of  the  governmental  agencies 
directly  cooperating  in  a  general  research  of  all  foundry  sands, 
organized  by  the  American  Foundr>'men's  Association  and  the 
National  Research  Council,  is  collecting  data  on  sands  for  molds 
and  cores  in  aluminiura-alloy  foundry  practice. 

There  is  pressing  need  of  collated  information  on  sands  used 
in  aluminium-alloy  founding,  and  it  is  hoped,  as  a  result  of  the 
investigation,  to  aid  in  disseminating  knowledge  on  the  subject. 
A  questionnaire  is  being  sent  by  the  Bureau  of  Mines  to  alu- 
minium-alloy foundries  in  the  United  States  in  order  to  obtain 
data  to  be  used  in  the  preparation  of  a  report. 
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Studies  in  Wood  Decay' 

in — Tlie  Toxicity  of  Western  Yellow  Pine  Crude  Oil  to  Lenzites  Saepiaria  Fries 


By  Henry  Schmitz 


I'ORHST   PRODITCTS.   ScI 


I'uKKSTRV.    U! 


The  low  toxicity  and  high  rale  of  evaporation  of  the  crude  oil 
from  the  dislillalion  of  Western  yclloiv  pine  rttake  it  of  little  value 
as  a  general  wood  preservative.  It  may.  however,  be  adapted  to 
special  uses,  as  in  the  manufacture  of  shingle  stains,  preservative 
paints,  etc. 

The  toxicity  has  been  determined  with  sawdust  from  three  species 
of  wood  as  culture  media:  lowland  white  fir,  Douglas  fir.  and  sugar 
maple.  The  toxic  point  varies  slightly  with  the  species  of  wood 
used. 

It  is  suggested  that  an  ideal  way  to  determine  the  toxicity  of  wood 
preservatives  to  wood-destroying  fungi  would  be  to  set  up  such  a 
culture  series  as  was  used  in  this  uorl(,  and  to  determine  the  actual 
decomposition  of  the  wood  as  indicated  by  the  loss  in  weight  of  the 
/lask.s.  The  disadvantage  would  be  that  at  least  three  months  would 
be  necessary,  during  which  a  volatile  preservative  would  evaporate 
considerably. 

The  petri  dish  method  was  also  used  in  this  investigation. 

FROM  time  to  time,  this  laboratory  has'  receixed  in- 
quiries concerning  the  possibility  of  employing  the 
oil  obtained  by  the  destructive  distillation  of  Western 
yellow  pine  as  a  wood  preservati\-e.  Since,  also,  it  is  shown 
in  a  recent  publication  cooi)erated  in  by  this  Laboratory^ 
that  the  yield  of  this  oil  is  approximately  53.0  gal.  per  cord, 
and  since  definite  information  concerning  the  to.xicity  of 
such  oils  to  wood-destroying  fungi  does  not  seem  to  b(^  gen- 
erally available,  the  present  piece  of  work  was  undertaken. 
Any  substance  wliich  is  to  be  used  as  a  wood  preservative 
must  have  other  important  properties  besides  being  toxic 
to  the  growth  of  wood-destrojing  fungi,  but  even  though 
a  substance  may  fulfil  all  these  other  requirements,  its  use 
will  be  limited  if  it  is  not  toxic  to  wood-destroying  fungi. 

Production  of  Oil 

The  oU  was  produced  by  heating  the  wood  directly  in  a 
small  retort  approximately  12  in.  in  diameter  and  36  in. 
long.  The  vapors  were  led  through  a  worm  condenser, 
and  the  distillate  was  collected  in  a  separatory  funnel,  .\fter 
settling,  the  water  was  draxxTi  off  and  the  oil  transferred  to 
a  storage  container.  The  oil  was  used  as  collected,  with 
no  attempt  at  redistillation. 

Physical  Properties 

Crude  Western  yellow  pine  oil  is  a  hea\'y  sirupy  liquid, 
acid  in  reaction,  and  of  sharp  pungent  odor.  It  much  re- 
sembles crude  petroleum  in  general  appearance.  This 
sample  of  oil  gave  the  following  analytical  results: 


Sp.  gr.  at  3S° 
Per  cent  wate 


1.0141 
0.70 


When  it  was  fractionally  distilled  in  a  200-cc.,  round-bottom, 
distillation  flask  with  the  side  tube  at  the  center  of  the  neck, 
the  following  results  were  obtained: 


Distillation  Temperature 
150° 
200° 
250° 
300° 
Residue  above  300° 


Per  cent 
10.43 
13.55 
13.20 
11.07 
49.57 
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Whenever  the  rate  of  distillation  fell  below  four  drops 
per  minute,  the  temperature  was  rai.scd  to  the  next  highest 
distillation  temperature.  This  is  at  variance  with  the  stand- 
ard system  advocated  by  the  American  Society  for  Testing 
Materials  for  the  fractional  distillation  of  coal-tar  creo.sote. 
However,  it  seems  to  tlu;  writer  that  there  is  little  in  favor 
of  employing  the  same  system  of  fractional  distillation  for 
two  substances  so  entirely  different  as  coal-tar  creosote  and 
crude  wood  oil.  The  aijove  distillation  temperatures  are 
not  suggested  as  a  standard  method  of  analysis  of  a  wood 
oil,  but  they  seem  rational  for  the  present  purpose.  It  is 
••ussumed  that  the  150°  C.  fraction  will  include  the  wood  alco- 
hol, water,  acetic  acid,  etc.,  that  the  1.50°  to  200°  C.  will 
contain  the  terpenes,  and  that  the  higher  fractions  and  the 
residue  will  contain  the  rosins  and  tars. 

Toxicity  of  Western  Yellow  Pine  Oil  Added  to  Various 
Kinds  of  Sawdust 

In  a  recent  paper  by  Schmitz  and  Zeller,'  the  large  dis- 
crepancies between  a  method  employing  nutrient  agar  and 
one  employing  sawdust  as  a  culture  medium  are  shown. 
In  the  present  work,  the  exact  method  outlined  in  the  prexious 
paper  was  employed.  Ethyl  alcohol,  in  which  the  oil  was 
entirely  soluble,  was  used  as  the  solvent.  After  impreg- 
nation, the  sawdust  was  exposed  to  the  air  for  24  hrs.  in  order 
to  allow  the  alcohol  to  evaporate.  Five-gram  samples  were 
then  placed  in  8-oz.  bottles.  Before  sterilization,  the  bottles 
were  tightly  plugged  with  steamed  corks  and  the  corks 
securely  tied  to  prevent  them  from  blowing  out  during  the 
steaming  process.  Sterilization  was  effected  by  steaming 
for  1  hr.  in  an  Arnold  sterilizer.  After  sterilization,  the 
corks  were  replaced  by  sterile  cotton  plugs  and  the  flasks 
inoculated  TOth  Lenzites  saepiaria  in  the  usual  manner. 
The  cotton  plugs  were  then  covered  with  two  tliicknesses 
of  paraffined  tissue  paper  to  avoid  excess) \'e  evaporation 
from  the  flasks,  the  paper  being  secured  by  means  of  a  rubber 
band. 

Three  series  were  prepared:  one  with  lowland  white  fir 
(Abies  grandis)  sawdust,  one  with  Douglas  fir  [Pseudotsuga 
taxi  folia)  sawdust,  and  the  last  with  sugar  maple  (Acer 
sacchanm)  sawdust.  Crude  yeDow  pine  oil  was  added  in 
amounts  to  make  the  following  percentage  concentrations, 
based  upon  the  air-dry  weight  of  the  sawdust:  0.5,  1,  2,  3, 
4,  5,  6,  7,  8,  9,  10,  11,  12,  13, 14,  and  15.  The  culture  flasks 
were  kept  under  observation  for  21  days  and  examined  at 
frequent  intervals  in  order  to  determine  in  which  flasks  and 
to  wiiat  extent  growth  had  taken  place. 

determination  of  toxic  concentration — In  order  that 
there  may  be  no  confusion  as  to  how  the  toxic  concentration, 
which  is  defined  as  the  minimum  percentage  of  the  oil  which 
win  completely  inlubit  the  growth  of  the  fungus,  is  deter- 
mined, this  phase  of  the  work  is  discussed  in  some  detail. 

In  a  culture  series,  it  is  found  that  the  growth  of  the  fungus 
in  the  control  flasks  and  io  flasks  containing  smaU  amounts 
of  preservative  is  relatively  copious.  With  the  aid  of  a  hand 
lens,  the  mycelium  can  easily  be  seen  on  the  inner  surface 
of  the  flask.  Placing  the  inoculum  near  the  wall  of  the  flask 
simplifies  this  observation.     With  an  increase  in  the  amount 

•This  Journal,  IS  (1921),  621. 
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of  preservative,  growth  of  tfie  fungus  becomes  less  extensive, 
but  can  still  be  found  permeating  the  sawdust.  With  a 
further  increase  in  concentration  of  the  preservative,  the 
growth  of  the  fungus  is  confined  to  the  inoculum.  Tliis 
type  of  growth  can  usually  be  easily  observed  on  the  cut  sur- 
faces of  the  inoculum.  Finally,  a  concentration  of  the  pre- 
ser\'ative  is  reached  where  there  is  no  growth,  even  from  the 
inoculum.  The  lowest  concentration  where  all  growth  is 
inhibited  is  considered  to  be  the  toxic  concentration.  If 
there  is  anj'  doubt  as  to  whether  limited  growth  has  taken 
place,  the  inoculum  can  be  removed  from  the  culture  flask 
and  the  cut  surfaces  examined  by  means  of  a  hand  lens. 
With  very  little  experience,  it  is  quite  easy  to  determine 
whether  or  not  growth  has  taken  place. 

It  is  undoubtedly  true  that  actual  decay  may  be  inhibited 
at  a  lower  concentration  than  that  determined  in  the  above 
manner.  However,  when  growth  is  very  limited,  it  is  prac- 
tically impossible  to  determine  whether  this  growth  is  en- 
tirely from  the  inoculum  or  whether  the  mycelium  is  obtain- 
ing a  part  of  its  food  material  by  actually  decomposing  the 
sawdust.  The  point  at  which  no  growth  whatsoever  takes 
place  is  sharp  and  definite  and  the  personal  factor  in  its 
determination  is  reduced  to  a  minimum. 

The  toxic  concentration  (as  above  defined),  based  on  the 
dry  weight  of  sawdust,  was  found  to  be  between  9  and  10 
per  cent  when  white  fir  sawdust  was  employed  as  the  culture 
medium,  between  10  and  11  per  cent  when  Douglas  fir  saw- 
dust was  used,  and  between  11  and  12  per  cent  when  hard 
maple  was  used.  The  determinations  were  checked  and 
rechecked,  and  the  same  results  were  obtained  in  each  case. 

EVAP0R.\TI0N  OF  OIL — The  legitimate  objection  might 
be  raised  that  by  exposing  the  impregnated  sawdust  to  the 
air  for  a  period  of  24  hrs.  the  more  volatile  fractions  of  the 
oil  would  evaporate.  In  order  to  determine  the  rate  of 
evaporation  of  the  oil  from  the  sawdust  when  exposed  to 
the  air,  5-g.  samples  of  the  sawdust  were  impregnated  vnih 
crude  oil  and  the  various  fractions  of  the  oil  in  the  manner 
previously  described.  These  samples  were  exposed  to  the 
air  and  weighed  after  a  24-hr.  exposure.  The  a\erage  results 
of  a  duplicate  series,  after  correcting  for  the  moisture  changes 
indicated  by  the  control,  are  given  in  Table  I. 

TABr.E  I — Rate  op  Evaporation  op  Crude  Western  Yellow  Pine  Oil 

AND  Various  Fractions  op  the  Oil  prom  Impregnated  Douglas  Fir 

Sawdust 

Loss  in  Weight  Per  cent 
Oil  after  24  Hrs.  Exposure 

Fraction  below  1.50°  C 68 

Between  150°-200''  C 42 

Between  200°-250°  C 6 

Between  250°-300°  C 0 

Residue  above  300°  C 0 

Crude  oil 9 

Control  (sawdust  without  addition  of  oil) 2 

Since  9  per  cent  of  the  oil  was  lost  by  evaporation  by  ex- 
posing the  impregnated  sawdust  to  the  air  for  24  hrs.,  it  is 
necessary  to  make  a  corresponding  correction  of  the  toxic 
concentration  previously  determined.  The  corrected  toxic 
concentration  would  be  between  8.2  and  9.1  per  cent  when 
lowland  white  fir  sawdust  wa.s  used  as  the  culture  medium, 
between  9.1  and  10.0  per  cent  when  Douglas  fir  sawdust  was 
used,  and  between  10.0  and  11.0  per  cent  when  sugar  maple 
sawdust  was  used.  It  is  of  course  recognized  that  these 
figures  would  not  represent  the  actual  toxicity  of  the  original 
oil  since  the  more  volatile  portions  would  be  lost  by  the  saw- 
dust being  exposed  to  the  air.  This  difficulty  is  not  en- 
countered in  determining  the  toxicity  of  coal-tar  creosote 
because  little  or  no  loss  in  weight  occurs  during  this  stage 
of  the  operation. 

If  the  toxic  concentrations  were  based  upon  the  net  weight 
of  the  sawdust  (5  g.  sawdust  plus  25  g.  distilled  water)  they 
would  of  course  be  much  lower,  namely,  between  1.4  and 
1.5  per  cent  for  lowland  white  fir  sawdust,  between  1.5  and 


1.7  per  cent  for  Douglas  fir  sawdust,  and  between  1.7  and 

1.8  per  cent  for  sugar  maple  sawdust.  It  would  appear  to 
the  writer,  however,  that  it  is  far  more  rational  to  compute 
the  toxic  concentration  on  the  dry  weight  of  the  sawdust. 

The  ideal  way  in  which  to  determine  the  toxicity  of  wood 
preservatives  to  wood-destrojdng  fungi  would  be  to  set  up 
a  culture  series  as  above  described  and  to  determine  the 
actual  decomposition  of  the  wood  as  indicated  bj'  a  loss  in 
weight  of  the  individual  culture  flasks.  There  are,  however, 
several  decided  disadvantages  to  such  a  method,  the  most 
important  of  which  would  be  (1)  that  at  least  a  3-mo.  in- 
cubation period  would  be  necessary  before  reliable  results 
could  be  obtained,  and  (2)  with  such  substances  as  coal-tar 
creosote,  wood  tar  or  any  other  volatile  substance,  a  loss  in 
weight  would  occur  during  the  final  drying  to  constant  weight, 
as  the  result  of  the  e\aporation  of  the  substance.  With 
nonvolatile  substances  such  as  zinc  chloride,  sodium  fluoride, 
etc.,  this  method  can  be  used  and  is  now  being  used  in  the 
laboratory,  in  connection  with  an  investigation  of  the  effects 
of  "soil  alkali"  on  the  rate  of  decay  of  wood. 

Toxicity  of  the  Oil  When  Added  to  Nutrient  Ag.\r 

In  a  recent  paper,  Humphrcj'  and  his  associates'*  point 
out  what  they  consider  to  be  the  advantages  of  the  petri 
dish  method  for  determining  the  toxicity  of  a  wood  pre- 
servati\'e  to  wood-destroying  fungi.  While  this  method 
has  certain  advantages,  it  also  has  disadvantages,  the  most 
important  of  which,  in  the  opinion  of  the  WTiter,  is  that  there 
is  not  of  necessity  any  relation  between  the  toxic  concen- 
tration determined  by  this  method  and  the  to.xic  concentra- 
tion when  sawdust  is  used  as  the  culture  medium.  Coal-tar 
creosote  may  be  ten  times  as  toxic  when  mixed  with  nutrient 
agar  as  it  is  when  used  in  connection  with  sawdust,  while 
wood  tar  may  be  only  five  times  as  toxic  in  the  former  case 
as  in  the  latter  case.  These  figures  are  not  to  be  taken 
as  absolute,  but  merely  illustrative. 

In  order  to  show  what  relationship,  if  any,  exists  between 
the  results  obtained  by  the  two  methods  the  following  ex- 
periment was  made:  100  g.  of  yellow  pine  crude  oil  were  ex- 
posed to  the  air  in  a  lieaker  until  a  9  per  cent  loss  in  weight 
occurred.  This  corresponds  to  the  loss  of  the  oil  taking  place 
during  the  exposure  of  the  impregnated  sawdust  to  tlie  air. 

A  hard  potato  agar  was  prepared  according  to  the  formula: 


Extract  from     200  g.  potato 
Glucose  20  K. 


Agar 
Distilled  ■ 


40  k. 
1000  cc 


Fifty-cc.  samples  of  this  medium  were  pipetted  while  hot 
into  125-cc.  Erlenmeyer  flasks,  and  the  flasks  and  their 
contents  were  sterilized.  After  sterilization,  the  yellow 
pine  crude  oil  was  carefully  added  to  the  series  to  make  the 
following  percentage  concentrations  of  the  culture  medium: 
0.05,  0.1,  0.2,  0.3,  0.4,  0.5,  0.6,  0.8,  1.0,  1.2,  and  1.4. 

The  flasks  were  then  vigorously  shaken  until  the  agar 
was  aiiout  to  jell.  The  stoppers  were  removed  and  the  con- 
tents of  each  flask  approximately  equally  divided  into  two 
sterile  petri  dishes.  After  the  medium  in  the  dishes  had 
cooled,  the  plates  were  inoculated  from  plate  cultures  of 
Lemiies  saepiaria  in  the  usual  manner.  Duplicate  series 
were  prepared  in  each  case. 

The  plates  were  placed  in  large  empty  desiccating  dishes 
to  prevent  excessive  drying  and  evaporation  of  the  oil  and 
incubated  for  4  wks.  at  24°.  Under  the  conditions  above 
described  the  toxic  concentration  was  found  to  be  between 
0.5  and  0.6  per  cent.  From  this,  it  is  evident  that  Western 
yellow  pine  oil  has  only  very  limited  to.xic  properties. 

<  C.  J.  Humphrey.  Ruth  M.  Fleming  and  E.  Bateman,  This  Journai., 
13  (1921).  618. 
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Drying  Oils  from  Petroleum  and  Other  Products,  Produced 
by  Chlorination  and  Dechlorination' 

By  Henry  A.  Gardner  and  E.  Bielouss 

Instititb  op  Paint  and  Vahnisii  Uksharch,  1845  B  St.,  N,  W.,  Washington.  D.  C. 


The  following  invesligalions  were  undertaken  with  the  object  of 
developing  a  commercial  process  for  the  production  of  a  drying  oil 
from  petroleum,  which  could  be  used  in  place  of  linseed  oil  in  the 
manufacTure  of  paints,  linoleum,  and  printing  inl^s.  and  in  similar 
industries.  The  investigations,  which  have  covered  a  long  period  of 
time,  were  successful  from  a  production  standpoint,  and  the  product 
is  now  being  produced  on  a  semicommcrcial  scale  for  experimental 
use.  Its  drying  value  is  equal  to  that  of  raw  linseed  oil.  It  has, 
moreover,  the  peculiar  properly  of  polymerization  to  a  solid,  elastic 
mass  when  heated  to  high  temperatures.  It  is  also  susceptible  to 
vulcanization  with  sulfur  chloride  to  form  plastic  products  of  interest. 
It  may  be  compounded  with  rubber  and  similar  plastic  materials. 
Unfortunately  the  color  is  very  dark,  end  until  a  method  is  found  of 
eliminating  the  color,  its  use  in  paints  will  be  limited  to  black,  and 
very  dark  colors.  For  the  latter  purpose  its  durability  has  not  proved 
entirely  equal  to  that  of  linseed  oil,  when  subjected  to  exterior  expo- 
sure.    In  general,  however,  good  results  have  been  obtained. 

THE  drying  power  of  linspod  oil  is  largely  due  to  the 
absorption  by  the  latter  of  oxygen  tlirough  the  instru- 
mentality of  the  double  carbon  bonds.  While  polym- 
erization of  the  unsaturated  glycerides  and  coagulation  of 
the  oxidized  glycerides  may  also  plaj'  an  important  role  in 
this  process,-  no  e\idence  is  at  hand  to  show  that  the  carboxjd 
group  of  the  acid  or  the  hydroxyl  radical  of  the  glycerol  has 
any  bearing  on  the  drying  of  the  oil  film. 

The  problem  of  producing  a  drying  oil  from  the  abundant 
source  of  mineral  oO  could  therefore  find  its  solution  in  the 
preparation  of  unsaturated  compounds  from  the  natural  oil. 
Theoretically,  the  following  reactions  are  at  the  disposal  of  the 
research  chemist  for  this  purpose: 

1 — Dehydrogenation,  e.  g.,  elimination  of  hydrogen  from  a 
saturated  compound  by  the  aid  of  metals  at  high  temperature,' 
the  reaction  being  a  reversible  one 

2 — Elimination  of  water  from  compounds  containing  a  hydroxyl 
group,  as,  for  example,  ethylene  from  ethyl  alcohol: 


-CHCl— CH,— 


CH=CH-  +  HCl 


C2H5OH  ■ 


CHj=CH2 


To  this  group  belongs  also  the  formation  of  unsaturated  alde- 
hydes by  condensation  of  saturated  ones,  an  aldol  being  primarily 
produced,  for  example: 


2CH3CHO 


CH3CH(OH)CH2CHO 


CH3CH=CH.CH0 


3 — By  electrolysis  of  a  dibasic  acid,  as,  for  example,  ethylene 
from  potassium  succinate: 

CH2COOK        HOH  CH2 


I  + 

CHoCOOK       HOH 


CH. 


-I-  2C02  -1-  2KOH  -t-  H2 


4 — The  partial  cleavage  of  high  molecular,  saturated  hydro- 
carbons into  unsaturated  at  high  temperature,  as  in  the  cracking 
process  for  the  production  of  gasoline.' 

5 — The  cleavage  of  halogen  compounds  by  different  methods 
into  hydrogen  halogens  and  unsaturated  residue : 


I  Received  April  26,  1922 

'  P.  Stransky,  Z.  angew.  Chim.,  34  (1921),  S6. 

•  M.  Padra  and  U.  Fabric,  J.  Soc.  Chem.  Itid.,  27  (190S).  10S3. 

•New  OU  Refining  Process  Ltd.,  Brit.  Patent  10.040,  April  29,  1912. 
AccordinR  to  the  claims  in  this  patent,  the  unsaturated  hydrocarbons  formed 
can  be  utilized  as  siccative  oils;  see  also  Gawolowski,  Oeslerr.  chem.  lech.  Z., 
TO  (1910). 


The  first  four  reactions  are  possibly  not  applicable  for 
commercial  purijoses.  The  last  was  first  made  use  of  in  the 
process  of  the  De  Bataafsche  Petroleum  Maatschappij.^ 

CULORI  NATION 

As  a  suitable  source  for  the  production  of  unsaturated 
hydrocarbons,  several  hundred  types  were  experimented 
with.  While  successful  results  were  obtained  with  a  number 
of  these,  one  of  the  best  was  a  fraction  known  as  nonviscous 
neutral  oU.  In  the  absence  of  any  definite  information  as  to 
its  chemical  composition,  it  may  be  assumed  that  it  consists 
chiefly  of  the  hydrocarbons  CnHss  up  to  C26HM,  the  lower 
members  of  this  range  predominating. 

A  great  many  publications  and  patents  are  available  on  the 
subject  of  clilorination  of  lower  and  higher  hydrocarbons  of 
petroleum.  The  reacti\ity  of  the  chlorine  in  the  chlorinated 
hydrocarbons  attracted  the  attention  of  many  investigators 
in  their  desire  to  develop  synthetic  methods  for  the  prepara- 
tion of  a  number  of  industrially  important  products.  Thus, 
Zilinski'  chlorinated  different  fractions  of  Baku  petroleum, 
subjecting'  the  products  obtained  to  the  Grignard  reaction 
with  the  object  of  preparing  fatty  acids.  C.  F.  Bochringer 
und  Sohne'  obtained  resins  by  clilorination  of  petroleum.  As 
a  basis  for  the  production  of  sjTithetic  rubber,  the  Badische 
Anilin  und  Soda  Fabrik'  systematicaUy  clilorinated  and 
dechlorinated  pentane,  with  the  conversion  of  the  latter  into 
isoprene.  Brooks,'"  Oberfell,  and  Boyd"  prepared  amyl 
acetate  from  chloropentane.  Methyl  clJoride,  chloroform, 
carbon  tetrachloride,  etc.,  were  prepared  by  chlorination  of 
natural  gas.'^  McElroy"  has  taken  out  a  series  of  patents 
on  the  production  of  ethylene  clJorohj'drin  by  chlorination 
of  ethylene.  Dakin"  is  clilorinating  paraffin,  using  the 
chlorinated  product  as  a  solvent  vehicle  for  chloramine-T. 

The  methods  applied  for  the  direct  chlorination  by  cUorine 
of  paraffin  hydrocarbons  in  the  above  and  other  processes  all 
call  for  the  aid  of  some  catalytic  agent  in  carrying  out  the 
absorption  of  clJorine.  Water,'*  sulfur,  phosphorus,  iodine, 
carbon  tetrachloride;  metals  or  their  oxides,  as  iron;'^  actinic 
light;"  porous  materials  to  increase  the  efficient  concentra- 
tion of  clilorine;'*  sulfur  dioxide,  sulfur  chloride  and  sulfuryl 
chloride,"  and  sUent  electric  discharges^"  have  been  used. 

'Brit.  Patent  23,376,  December  1,  1914. 

«  Z.  angew.  Chim.,  16  (1903),  37. 

'  French  Patent  326,665,  November  25,  1902. 

«  D.  R.  P.  256,856,  November  19,  1910;   258,156,  December  28,  1911. 

•French  Patents  435,312,  October  14,  1911;  and  452,246,  December 
20,  1912 

"This  Journai,,  10  (1918), -511. 

1"  U.  S.  Patent  1.302,583,  May  6,  1919. 

"  Jones,  Allison  and  Meighan,  Bur.  Mines,  Tech.  Paper  256. 

"  U.  S.  Patents  1,253,615-17;    1,264,535;    1,295,339;    1,315,229. 

■'  J.  Am.  Med.  Assoc.,  69  (1917).  24. 

"  Bedford,  U.  S.  Patent  1,245,553,  uses  water  to  remove  the  hydro- 
chloric acid  as  fast  as  it  is  formed. 

i«  Ann.,  22s  (1884),  196;    231  (1885).  158. 

"  U.  S.  Patent  1,191,916. 

"  Bur.  Mines,  Tech.  Paper  MS;   U.  S.  Patent  1,380,067. 

"  U.  S.  Patent  1,362,355. 

»  U.  S.  Patent  1.012,149. 
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All  these  catalysts  were  tried  out  in  our  investigations.  The 
WTit«rs  found,  however,  that  in  the  case  of  the  neutral  oils  and 
other  high  boiling  liquid  paraffin  hydrocarbons,  tlie  absorp- 
tion of  clilorine  took  place  so  smoothly  at  the  temperatures 
employed  that  no  catalyst  was  required. 

The  reaction  involved  in  the  clilorination  of  saturated  hy- 
drocarbons is  one  of  substitution  of  hydrogen  by  the  halogen, 
as  evidenced  by  the  following  formula: 

CnWm+t  +  mCl,   =  CnH.„+,-mClm   +  mUCl 

As  much  chlorine  is  therefore  evolved  in  the  form  of  hydro- 
gen chloride  as  is  fLxed  by  the  hydrocarbon. 
^   The  following  factors  have  a  marked  influence  on  the  speed 
of.this  reaction : 

VELOCITY  OP  CHLORINB — The  chlorination  is  accelerated  by 
the  increase  of  the  chlorine  velocity  up  to  a  certain  limit,  while 
the  coefficient  of  efficiency  of  the  chlorine  (CI  absorption :  CI 
input)  decreases  at  the  same  time. 

INFLUENCE  OF  TEMPERATURE^With  rising  temperature  the 
absorption  of  chlorine  is  accelerated.  This  holds  true  for  tem- 
peratures up  to  a  certain  limit.  Above  this  point  another  set  of 
reactions  comes  into  play,  especially  when  the  chlorination  has 
progressed  for  some  time.  The  chlorinated  hydrocarbon  splits 
off  hydrochloric  acid,  forming  an  olefin.  The  olefin  would  add 
chlorine,  then  by  splitting  off  hydrochloric  acid  would  yield  a 
molecule  containing  conjugated  double  bonds.  This  molecule 
in  its  turn,  by  addition  of  chlorine  and  subsequent  dechlorina- 
tion, would  result  in  an  unsaturated  compound  of  a  quite  un- 
stable double-allenic  structure.  The  following  formulas  illus- 
trate this  sequence  of  reactions. 


— CH,— CHCI— CHi H 

I        -   I  I 

n  n  +  l       B+2 

— CH,— CH  :  CH 1-  Cli  =  — CHr 

111  I. 

n  n+l   n+2  n 

— C  Ht— CHCl— CHCl— C  Hi— 

I  I  I  I 

«  n  +  l        n+2       «+3 

— CH:CH— CH:CH h  2Clj 

I         I  I  I 

n        n+l n+2n+3 


-CH,— CH  :  CH- 

I  I  I 


-CHCl— CHCl  - 


2HC1     =     — CH  :  CH— CH  :  CH— 

I  I  I  I 

n  n  +  l   n+2  n  +  3 

-CHCl— CHCl— CHCl— CHCl— 

I  I  I  I 

n  n+l        n+2       n+3 


—CHt— CHCl— CHCl— CHCl— CHCl— CHr-  -  4HC1  = 
I     I      I      I      I      I 
n-1  n     «  +  l   n  +  2   n+3   n  +  4 

— CH  :  CH— CH  :  C  :  C  :  CH— 
I    I     I    I    I    I 
n-1  n    n  +  l  n+2n+3n  +  4 

The  possibilities  of  formation  of  a  cyclic  compound  or  isomeri- 
zation  through  intramolecular  transformation  or  migration  is 
thereby  left  out  of  consideration 

INFLUENCE  OF  ABSORBED  CHLORINE — In  the  first  Stage  when 
the  amount  of  absorbed  chlorine  is  insufficient  to  transform  the 
whole  of  the  hydrocarbons  into  the  monochloro  derivative,  it 
is  the  concentration  of  the  hydrocarbon  in  the  monochloro  deriv- 
ative which  may  influence  the  further  chlorination.  If  we  figure, 
for  the  sake  of  convenience,  the  mean  molecular  formula  of  our 
hydrocarbon  mixture  as  CjoH^,  about  12..5  per  cent  increase  in 
weight  is  necessary  for  the  formation  of  the  monochloro  deriva- 
tive. The  numerous  experiments  of  the  writers  showed  that 
there  is  no  marked  change  in  the  rate  of  absorption  of  the  chlorine 
up  to  a  15  per  cent  absorbed  chlorine  (15  per  cent  increase  in 
weight  of  the  hydrocarbon).  Above  this  point  the  absorption 
slows  down  considerably,  this  lowering  of  the  absorj'tion  pro- 
gressing continually  with  the  increasing  cont-entration  of  the 
polychloro  derivatives.  With  progressing  chlorination  the  ve- 
locity of  chlorine  has  to  decrease  in  order  to  keep  the  coefficient 
of  chlorine  efficiency  (chlorine  input :  chlorine  absorption)  on  the 
same  level. 

Dechlorination 

The  means  for  the  removal  of  the  hydrochloric  acid  from  a 
chlorinated  hydrocarbon  can  be  divided  into  the  following  two 
main  groups: 

1 — Dechlorination  by  the  action  of  alkalies  (usually  in'aqueous 
or  alcoholic  solution)  on  the  halogen-containing  hydrocarbons. 


whereby  the  liberated  hydrochloric  acid  is  absorbed  by  the  alkaU. 
Besides  the  formation  of  olefins,  this  reaction  yields  ethers  and 
alcohols.  2' 

2 — Dechlorination  by  heating  the  chlorinated  hydrocarbons 
to  a  temperature  above  their  dissociation  point,  usually  a  number 
of  catalysts  being  applied  to  facilitate  this  dissociation.  Thus 
Sabatier-2  passed  the  chlorides  over  divalent  metals  at  260°. 
Senderens''  used  alumina  for  this  purpose.  A  number  of  pat- 
ents based  on  these  methods  were  taken  out  by  the  Badische 
Anilin  imd  Soda  Fabrik"  for  the  preparation  of  isoprene  and  its 
bomologs. 

In  the  course  of  these  investigations  it  was  found  by  the 
writers  that  in  the  case  of  the  mixture  of  high  molecular 
hydrocarbons,  which  is  represented  by  the  so-called  neutral 
oils,  the  dissociation  point  of  the  pohjchlorides  lies  between  120° 
and  250°  C,  and  that  by  heating  these  chlorinated  hydrocarbons 
up  to  250°  C,  a  practically  complete  dechlorination  can  be  effected 
without  the  aid  of  any  other  agent. 

This  dissociation  of  the  chlorinated  hydrocarbon  does  not 
necessarily  lead  to  the  formation  of  olefins.  While  a  hydro- 
carbon containing  35  to  36  per  cent  of  chlorine  should  yield 
after  dechlorination  (the  degree  of  declJorination  was  accu- 
rately determined  by  the  titration  of  a  standardized  sodium 
hydroxide  solution  in  which  tlie  hydrochloric  acid  evolved 
was  absorbed)  an  olefin  possessing  a  Hanus  or  Hlibl  number 
of  254,  the  iodine  numbers  always  varied  between  70  and  130. 
This  phenomenon  is  due  to  the  fact  that  olefins  primarily 
formed  undergo  a  further  change  in  their  nascent  state, 
namely,  transformation  into  cyclic  compounds  by  a  mutual 
saturation  of  their  double  linkages. ^^ 

The  unsaturated  hydrocarbons  obtained  by  the  above 
process  thus  consisted  of  a  mixture  of  open-chain  olefins  and 
of  cyclic  hydrocarbons  of  a  presumably  saturated  nature. 
These  hydrocarbons  were  investigated  in  their  behavior  to- 
ward the  following  reagents: 

ACTION  OF  HiSO) — While  the  lower  hydrocarbons  give  addition 
compounds  with  sulfuric  acid,  which  through  hydrolysis  yield 
alcohols,  the  effect  of  this  acid  on  our  olefins  consisted  in  a  prac- 
tically complete  polymerization  of  the  hydrocarbons;  no  water- 
soluble  fraction  could  be  extracted  from  the  reaction  product. 
The  temperature  range  under  which  this  reaction  was  tried  was 
from  -5°  to  4-20°  C. 

ACTION  OF  SiCI. — The  action  of  sulfur  chloride  can  be  twofold: 
(1)  Addition  to  the  double-linked  carbon  atoms,  and  (2)  sub- 
stitution, mainly  of  the  hydrogen,  with  disengagement  of  hydro- 
chloric acid.  By  allo\ving  the  sulfur  chlorides  to  act  in  small 
portions  and  keeping  the  temperature  of  the  reaction  mass  low, 
it  was  possible  to  add  the  chloride  in  amounts  of  10  per  cent  to 
30  per  cent  of  the  hydrocarbons,  with  the  formation  of  hard  and 
brittle  products.  In  the  presence  of  at  least  10  to  15  per  cent  of 
tung  oil,  rubber-like  products  were  obtained,  similar  in  appear- 
ance to  certain  of  the  so-called  vulcanized  oils. 

ACTION  OF  HNO3 — Concentrated  nitric  acid  acts  very  vigorously 
on  the  product,  causing  the  formation  of  polymerized  masses. 
It  was  found  jiossible  to  prepare  chloronitro  hydrocarbons  by 
slowly  adding  the  chlorinated  hydrocarbons  to  a  mixture  of  1 
part  HNO3  (sp.  gr.  1.42)  to  4  parts  II^SO,  (06°  Be.)  and  keeping 
the  temi)erature  fairly  low.  These  chloronitro  compounds  con- 
tained from  3  to  4  per  cent  nitrogen. 

ACTION  OF  ORGANIC  ACIDS — Many  unsaturated  hydrocarbons 
are  able  to  fix  carhoxylic  acids  at  higher  temperatures,  with  the 
formation  of  esters,  as  represented  by  the  formula: 
— C  =C— 
I        I 
H      O.CO.R 

"  Ann.,  318  (1901),  1. 

"  Compl.  rend.,  138  (1904).  407. 

"  Bull.  soc.  chcm.,  141  3  (1!)08).  827:  see  also  W.  F.  Faragher  and  F.  H. 
Garner,  J.  Am.  Chem.  Soc,  43  (1921),  171.1. 

"  French  Patents  435,312  and  434, .586  (1911);  D.  R.  P.  254,473  H  and 
255,538  (1913);    U.  S.  Patent  1,221,382  (1917). 

»  Schaarschmidt  and  Thicle  \Ber.,  S3B  (1920),  2128-43]  observed  that 
by  dechlorinating  at  higher  temperatures  chlorinated  hydrocarbons  of  high 
molecular  weight,  the  resulting  olefins  show  a  materially  lower  iodine  num- 
ber than  those  obtained  by  the  action  of  alcoholic  alkali. 
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No  apparent  change  occiinod  liy  lipatiiiR  tliese  olefins  with 
acetic  acid  up  to  120°  to  130°  C.  for  a  period  of  8  to  10  lirs. 
These  olefins  were  iieated  witii  ainetie  acid  up  to  290°  C.  for 
0  to  8  hrs.  AlthouKli  tlie  aciil  number  of  the  mixture  was 
reduced  from  SO  to  5,  no  formation  of  esters  took  place,  the 
resulting  product  consisting  practically  entirely  of  unsafe 
urated  hydrocarbons,  as  the  ahietic  acid  had  split  off  carbon 
dioxide  at  the  high  reaction  temperature. 

Conclusions 

1 — By  eliminating  the  presence  of  certain  metallic  com- 
pounds, it  is  possible  to  introduce  chlorine  into  the  mixtures 
of  hydrocarbons  represented  by  the  so-called  "neutral  oils" 
and  thereby  evenly  to  distribute  the  halogen  in  the  hydro- 


carbon molecule.  The  amount  of  chlorine  which  can  be  thus 
fixed  by  the  hydrocarbons  at  certain  temperatures  is  sufficient 
to  form  tri-  and  tetrachlorides. 

2 — The  elimination  of  chlorine  from  the  chlorinated  hydro- 
carbons can  be  efTectcd  without  the  application  of  any  cata- 
lytic or  HCI-absorbing  agent  by  heating  the  chlorinated  com- 
pounds as  high  as  250°  C.  Under  these  conditions  a  partial 
saturation  of  the  primarily  formed  double  linkages  takes 
place  through  formation  of  cyclic  hydrocarbons. 

3 — It  is  believed  that  the  products  obtained  from  the  above 
process  will  ultimately  find  wide  commercial  application. 

4 — The  writers  have  also  chlorinated  and  dechlorinated 
such  semidrying  oils  as  soy-bean  and  cottonseed  oils,  the  re- 
sulting products  having  greatly  improved  drying  properties. 


Studies  in  Chrome  Tanning" 

Equilibria  between  Tetiachrome  Collagen  and  Chrome  Liquors.     The  Formation  of 

Octachrome  Collagen 

By  Arthur  W.  Thomas'  and  Margaret  W.  Kelly 

Columbia  Univkksitt.  Nkw  York,  N.  V. 


Measwremenl  o/  ihe  fixation  of  chrome  by  hide  substance  after 
8.5-mo.  contact  with  chrome  liquors  of  various  concentrations 
showed  that  maximum  fixation  occurred  in  a  chrome  liquor  of  a 
concentration  of  1 .5  g.  Cr-iOs  per  100  cc.  of  solution.  The  chrome 
collagen  compound  formed  in  this  liquor  proced  to  be  an  octachrome 
collagen,  showing  thai  the  combining  weight  of  collagen  is  as  low 
as  94. 

The  changes  talking  place  when  letrachrome  collagen  is  in  contact 
with  chrome  liquors  over  a  similar  time  interval  have  been  measured, 
showing  that  the  formation  of  letrachrome  collagen  is  not  strictly 
reversible. 

The  findings  support  the  view  that  the  "adsorption"  of  chromium 
from  chrome  liquors  by  collagen  is  a  chemical  reaction. 

THE  effect  of  concentration  of  chrome  liquor  upon  the 
adsorption   of   its   constituents   by   hide   substance 
during  the  48-hr.  contact  has  pre^'iously  been  reported 
by  the  authors.^ 

The  formation  of  a  tetrachrome  collagen  was  definitely 
established  when  5  g.  of  hide  substance  (weight  on  dry  basis) 
were  rotated  in  contact  with  a  chrome  liquor  containing 
15.5  g.  CrjOs  per  1.  for  48  hrs.  Tlie  purpose  of  the  present 
experiments  was  to  investigate  the  assumption  that  the 
formation  of  tetrachrome  collagen  is  a  reversible  reaction. 
Since  chromed  hide  powder  does  not  lose  any  measurable 
amount  of  chromium  upon  se\'eral  hours'  washing,  it  was 
decided  to  allow  tetraclirome  coUagen  to  remain  in  contact 
with  solutions  of  varying  chrome  concentration  for  several 
months,  before  analysis. 

While  we  were  almost  convinced  that  a  tetraclirome  col- 
lagen was  the  best  we  could  hope  for  in  the  amount  of  chrom- 
ium combined  with  hide  substance,  it  was  considered  pru- 
dent to  set  up  a  concentration  adsorption  series  to  run  the 

'  Presented  before  the  Section  of  Leather  Chemistry  at  the  62nd  Meet- 
ing of  the  American  Chemical  Society,  New  York,  N.  Y.,  September  6  to 
10,  1921. 

'  Published  as  Contribution  No.  386  from  the  Chemical  Laboratoiies 
of  Columbia  University. 

•  Assistant  Professor. 

<  This  Jodrnai.,  13  (1921),  31. 


same  length  of  time.     Accordingly  two  sets  of  experiments 
were  carried  out  as  described  below. 

Tetrachrome  Collagen  Equilibria 

A  sample  of  112.5  g.  of  1920  hide  powder  (equal  to  100  g. 
dry  substance)  was  treated  with  4  1.  of  a  commercial  chrome 
liquor  (concentration  =  166.5  g.  CroOs  per  1.)  for  72  hrs., 
when  test  showed  that  tetrachrome  collagen  had  been  pre- 
pared. The  mixture  was  filtered  through  a  cloth  bag,  washed 
with  tap  water,  and  then  with  distilled  water  until  the  wash- 
ings showed  the  very  faint  test  for  sulfate  which  is  character- 
istic of  completely  washed  chromed  liide  powder.  It  was 
partly  dried  at  30°  C,  completed  at  100°,  and  then  spread 
out  in  contact  with  air  at  room  temperature  to  come  to 
equilibrium  with  atmospheric  humidity. 

Analysis  showed:  moisture,  10.41  per  cent;  Cr203,  10.01; 
SOs,  8.25;  and  protein  (N  X  5.614),  67.31.  One  gram  of 
hide  substance  contained  122.5  mg.  SO3  and  148.7  mg.  Cr203 
(slightly  above  the  tetrachrome  value). 

Portions  of  7.2S6  g.  (equal  to  5  g.  dry  hide  substance) 
each  were  placed  in  a  series  of  twelve  bottles,  covered  with 
200-cc.  portions  of  freshly  prepared  liquors,  carefully  sealed 
to  prevent  evaporation,  set  aside  from  October  21,  1920, 
to  July  8,  1921,  and  shaken  once  a  week.  Duplicate  portions 
of  the  solations  were  set  aside  for  the  same  interval.  Analy- 
ses of  the  liquors  are  given  in  Table  I. 


Table  I 

Original 

Liquor 

Filtrate 

;.  Cr.Oa 

Log  Ch  +) 

Log  Ch  + 

Log  Ch  + 

er  Liter 

October  21,  1920 

July  8,  1921 

July  8.  1921 

0(H;O) 

-2.68 

0.43 

-s'io 

-3!43 

-3.22 

3.01 

-3.36 

-3.24 

-3.22 

7.80 

-3.35 

-3.18 

-3.17 

15.36 

-3.22 

-3.19 

-3.17 

29.99 

-3.19 

-3.11 

-3.12 

51. 15 

-2.99 

-3.00 

79.03 

-2.86 

-2.86 

112.2 

-2.73 

-2.79 

-^2^77 

134.6 

-2.60 

-2.69 

-2.66 

151.8 

-2.47 

-2.63 

-2. 59 

208. 

-2.29 

-2.32 

-2.41 

The  results  tabulated  are  showTi  graphically  in  Fig.  1  and 
wiU  be  discussed  later. 
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TAB1.E  II — Composition    of    Chromed    Hide    Powder 
Treatment 
(All  figures  on  moisture-free  basis) 


Mg.Cr.O.     Mg.SOj 

Protein  1 

r     CrjOi 

SOs 

per  G.          per  G. 

Savpls 

Per  cent 

_li    Per  cent 

Per  cent 

Protein        Protein 

1 

78 

10 

10.16 

7.66 

130                  98 

2 

76 

92 

10.73 

8.02 

140                104 

3 

70.32 

13.25 

9.44 

188                134 

4 

65.35 

14.88 

10.39 

228                159 

5 

65.04 

14.86 

11.01 

229                169 

6 

68 

36 

14.18 

10.44 

207                153 

7 

69 

58 

12.27 

(10.26) 

176               (148) 

8 

69 

72 

12.73 

10.44 

183                 150 

9 

72 

25 

12.31 

10.56 

170                 146 

10 

70 

75 

12.19 

10.72 

172                 1.52 

U 

72 

58 

11.99 

10.  S9 

165                 150 

12 

71 

67 

11.90 

10.58 

166                148 

ABLE    III 

-C 

HANCE   IN 

COMPOSITIOjJ    OP 

Tetrachrome  Collagen  after 

8..5-MO.  Contact 

Mg.CrjOj  per  G. 

Mg.SOj  per  G. 

Protein  Lost  or 

Protein  Lost  or 

Sample 

Gained 

Gained 

1 

-19 

-25 

2 

-   9 

-18 

3 

+40 

+  12 

4 

+  79 

+36 

6 

+80 

+47 

6 

+  59 

+30 

7 

+  28 

(+25) 

8 

+  34 

+  27 

9 

+  22 

+  24 

10 

+  24 

+  29 

11 

+  17 

+  27 

12 

+  1? 

+25 

8.5-Mo  nth_Adsorptio  n 

Portions  of  hide  powder  equal  to  5  g.  drj^  substance  were 
treated  with  200-ce.  portions  of  the  identical  liquors  and 
under  the  same  conditions  as  the  tetrachrome  collagen  just 
described.  They  were  set  up  on  October  21,  1920,  and  filtered 
ofT  July  7,  1921.  It  was  desired  to  duplicate  as  well  as 
possible  the  conditions  employed  by  the  writers'*  in  a  48-hr. 
adsorption  experiment  in  wliich  191S  hide  powder  was  used. 
Since  very  little  of  the  1918  powder  was  available,  and  in 
anticipation  of  a  possible  variation  due  to  the  use  of  a  later 
hide  powder,  the  series  was  made  completely  with  1920 
hide  powder,  but  the  first  five  concentrations  were  dupli- 
cated with  1918  powder. 

Since  the  liquors  were  identical  with  those  described  in 
the  first  part  of  this  paper,  the  only  additional  analytical 
data  are  the  di*  of  the  filtrates  from  the  8.5-mo.  adsorption 
(Table  IV). 


Table  IV 
Liquor         Log  Ch+       Liquor       Log  Chi- 
2  0'  (>)  5o  -3.18 

2  6'  (')  5  1.  -3.27 

3a  -3.61  6o  -3.11 

3ft  -3.56  B6  -3.18 

4(1  -3.47  7  -2.97 

4ft  -3.37  8  -2.90 

'  a  refers  to  1920  and  ft  to  1918  hide  powder. 
>  Samples  had  decomposed  and  hence  were  dis 

Table  V — Composition  after  8.5-Mo. 
(All  figures  on  dry  basis) 


LiQi'OR      Log  cm- 


Sample 
3a 


Protein 
Per  cent 

79.81 
81.05 


4ft  70.20 

ia  63.68 

5ft  64.91 

6  a  68.95 
eft  69.38 

7  72.10 

8  72.81 

9  74.08 

10  74.69 

11  77.40 

12  88.89 
I  Corrected    for  S   present 

(ft  scries)  contained  0.62  per  cc 
the  1920  (a  series),  0.53  per  cei 


9.56 
9.07 
14.36 
13.87 
16.94 
17.29 
13.85 
14.53 
12.00 
11.02 
10.58 
10.11 
9.13 
4.03 


7.06 
7.22 
9.59 
9.91 
10.80 
10.99 
10.41 
10.70 
10.08 
9.99 
9.81 
9.64 
9.00 


Adsorption^   "  "\ 

Mg.CrjOi  Mg.SOi 

per  G.<        per  G. 

Protein  Protein* 

120  83 


209 
198 
266 
266 
201 
209 


164 
163 
146 
148 
135 
132 
127 
124 


These  results  are  graphically  represented  in  Fig.  2. 

For  comparison  with  the  8..5-mo.  curves,  the  48-hr.  picture 
of  the  concentration  relationships,  previously  published, 
has  been  included  in  Fig.  2. 


The  striking  feature  brought  out  by  these  curves  is   the 
point  of  maximum  obtained  in  the  liquor  containing  15.36  g. 


ys's     S       f;  R  §        S 

CONCENTRATION  OF  LIQUOR  IN  GRAMS  Cr^Oj  PER  LITER 
Fig.  1 

CroOs.  This  chromed  hide  substance  is  odachrome  col- 
lagen, as  calculated  from  the  fact  that  it  contains  26.6  g. 
Cr.Os  per  100  g.  hide  protein,  checked  by  two  batches  of 
hide  powder. 

In  1917  Wilson'  gave  750  as  the  molecular  weight,  or  as 
a  multiple  of  the  equivalent  weight,  of  collagen,  which  was 
based  on  work  by  Procter'  and  by  himself  in  Procter's  labo- 
ratory. Using  this  value  he  calculated  3.38  g.  CrjOa  as  the 
smallest  amount  to  react  in  equivalent  proportions  with 
hide  protein.  jMiss  Baldwin'  obtained  a  chromed  collagen 
containing  13.4  g.  Cr203  per  1(X)  g.  hide  protein,  which  was 
approximately  four  times  Wilson's  minimum  value.  She 
stated  that  this  was  the  greatest  amount  of  CroOs  ever  re- 
ported as  capable  of  combining  with  collagen.  From  her 
values  it  followed  that  187  could  be  regarded  as  the  com- 
bining weight  of  collagen  or  hide  protein. 

Our  result  for  octachrome  collagen,  obtained  in  the  same 
concentration  of  hquor  that  gave  tetrachrome  collagen  in 
48  hrs.,  is  a  new  record  and  shows  the  combining  weight  of 
collagen  to  be  about  94.  Another  interesting  feature  is 
the  point  of  inflection  occurring  between  the  liquors  con- 
taining 112  g.  and  134  g.  per  1.  of  Cr203,  corresponding  to 
tetrachrome  collagen. 


O  C'tOj  USJN6  1918  HIOC  POlVXH  1 
«  Cr20,     "        1920    "  ••         [at  IKMTie 

ADSOHPTIOH 


% •    48  HOUR  AD:fORPIION  OF  Cr^Oj 

o o    <«     -  "  -    SO) 


'5"«^     ^        >  S  S        5 

CONCENTRATIOfJ  OF  LIQUOR  IH  CRAMS  Cr^Oj  PER  LITER 

Fio.  2 

Fig.  1,  showing  the  changes  taking  place  when  tetrachrome 
collagen  is  in  contact  with  different  concentrations  of  liquors 
proves  that  in  water,  and  in  the  most  dilute  liquor,  a  hydroly- 
sis of  the  chrome  collagen  and  collagen  sulfate  compounds 


*  J.  Am.  Leather  Che. 


;.,  12  (1917),  108. 


'  J.  Chem.  Soc..  105  (1914),  313. 


<  J.  Am.  Leather  Che 


14  0919),  433. 
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took  place,  which  is  reflected  also  in  an  increase  in  the  Il-ion 
concentrations  of  the  liquors.  l''rom  that  point  there  is  a 
steady  addition  of  SOa  and  of  CrsOa,  approachinf;  the  octa- 
chrorae  collagen  which  was  to  Ix;  expected  from  the  results 
obtained  in  the  adsorption  experiments;  but  while  a  con- 
siderable loss  in  chrome  was  to  l)e  exijected  in  liquors  con- 
taininR  over  29  g.  Cr203  per  1,.  in  view  of  the  steady  fall  in 
the  8.5-mo.  adsorption  curve,  it  is  not  so  great  as  anticipated. 
In  other  words,  the  reaction  in  the  concentrated  liquors  is 
not  strictly  reversible.  This  would  indicate  that  the  fall  in 
the  adsorption  concentration  curves  is  due  to  the  elTect  of 
the  increased  H-ion  concentration  of  the  liquors,  making 
the  collagen  more  electropo-ilive  and  more  highly  hydrated 
and  thus  inhibiting  its  comliination  with  chrome,  which  is 
not  possible  with  tetrachrome  collagen  since  the  nature 
of  the  collagen  has  been  decidedly  changed  by  chemical  com- 
bination with  the  chromium. 

These  results  lend  extra  .sui)port  to  our  belief,  previously 
stated,*  that  the  combination  of  chrome  with  coUagen  is 
strictly  a  chemical  reaction,  and  not  a  physical  adsorption 
process. 

Addi:\du.\i 

As  a  precautionary  measure,  a  duplicate  of  the  tetrachrome 
equilibria  and  of  the  concentration  .series  adsorption  experi- 
ments were  set  up  on  April  29,  1921.  After  the  values  re- 
ported above  in  the  S.5-mo.  series  were  obtained,  it  was 
considered  of  interest  in  the  latter  part  of  August  1921  to 
filter  off  these  duplicate  sets  which  represented  about  a  13- 
wk.  contact,  and  compare  the  action  with  that  of  the  ex- 
periments of  longer  duration  of  time.  For  brevity,  details 
are  omitted. 

The  values  are  not  included  on  the  graphs  in  order  to  avoid 
confusion,  but  if  they  were  plotted  it  would  be  seen  that  the 
tetrachrome  equilibria  figures  in  Table  VI  are  practically 
identical  with  those  obtained  after  8.5-mo.  contact.     This 


VI — Changs    in    Comtosition    op    Tbtr 
Contact  with  Chkomb  Liquohs  pi 
Concentration  of 
Original  Liquor 
No.  G.  Cr:0.  per  100  Co. 

1  0  (H,0) 

2  0.040 

3  0.190 

4  0.719 

5  1 . 409 

6  2 .  78.5 

7  4.617 

8  7.118 

9  10.64 

10  1.3.58 

11  14.9.5 
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M^.  CnOi  per  G. 
Protein  Lost  or  Gained 
-  7 
+  7 
-1-48 
-1-73 
-1-89 
+47 
+33 
+26 
+23 
+  27 
+30 


Tabue  VII — Composition   op   Chroi 

\Vk.   Contact  op   Hidb   Powubh 

Mg.  CriO]  per 

G.  Protein 

Decomposed 

111 


Liquor  No.' 


coli-agbn   rbsui.ting  prom   13- 
[Th   Various   Chromr   Liquors 
Mg.  CraOi  per 


Liquor  No. 


G.  Prote 

164 

149 


I  Concentrations  given  in  Table  VI. 

shows  that  the  8.5-mo.  values  represent  in  this  instance  an 
equilibrium  that  had  been  attained  several  months  prior 
to  the  conclusion  of  the  experiment.  On  the  other  hand, 
although  the  results  given  in  Table  VII  follow  the  same  shape 
of  curve  as  those  for  8.5-mo.  reaction  and  closely  approach 
the  values  set  therein,  they  show  one  striking  exception; 
namely,  that  the  octachrome  point  was  not  reached  in  a 
13-wk.  reaction  at  room  temperature,  the  maximum  fixation 
of  chrome  being  239  mg.  CrjOs  per  g.  protein,  as  compared 
with  266  mg.  Cr203  of  the  octachrome  collagen  found  after 
an  8.5-mo.  contact  of  hide  powder  with  a  chrome  liquor  con- 
taining about  1.5  g.  Cr:0.i  per  100  cc.  of  solution. 
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Pressure  Bottle   for   Laboratory   Use 

By  Arthur  D.  Hirshfelder  and  M.  C.  Hart 

Department   of    Pharmacology,    Vniversity   of    Minnesota, 
Minneapolis,  Minn. 

IN  the  course  of  experiments  upon  the  preparation  of 
aromatic  alcohols,  it  was  sometimes  necessarj'  to  resort  to 
sjTi theses  under  pressure  at  temperatures  of  about  150° 
C.  On  account  of  the  pressures  generated  it  was  important 
that  the  vessel  should  have  a  safety  valve.  The  authors 
adopted  a  modification  of  a  pressure  bottle  which  has  been 
used  in  the  chemical  laboratory  of  the  Jolms  Hopkins  Uni- 
versity. The  apparatus  used  there  consists  of  a  pint  ginger 
ale  bottle  lield  in  a  tripod  frame.  The  mouth  of  the  bottle 
is  closed  by  a  sheet  rubber  gasket  pressed  down  by  a  brass 
plate,  which  is  held  in  place  by  three  wing  nuts.  In  the 
modification  of  this  apparatus  the  brass  plate  A  surmounting 
the  bottle  is  pressed  dowTi,  not  by  nuts,  but  by  means  of  a 
valve  spring  from  a  Ford  automobile,  the  tension  of  which 
is  regulated  by  a  second  brass  plate,  B,  screwed^down  by  wing 
nuts.  A  brass  rod  from  the  brass  plate  passes  loosely  through 
a  hole  in  the  upper  brass  plate  and  the  tension  of  the  spring 
can  be  regulated  by  the  distance  to  which  the  upper  plate  is 
screwed  down.  In  the  case  of  ginger  ale  bottles  with  an 
aperture  of  about  20  cm.,  a  compression  of  6  mm.  of  the  Ford 
valve  spring  corresponds  to  about  1  atmosphere  of  pressure. 


The  brass  rod  is  therefore  graduated  at  intervals  of  6  mm. 
(beginning  at  the  point  where  the  spring  is  not  compressed  at 
all),  which  correspond  roughly  to  a  scale  of  pressures  in  terms 
of  atmospheres.  The  whole  apparatus  can  be  conveniently 
heated  in  an  oU  bath. 

Several  ordinary  ginger  ale  bottles,  of  the  type  with  slightly 
convex  bottoms,  which  have  been  tested  by  Prof.  F.  B.  Rowley 
of  the  College  of  Engi- 
neering of  the  Univer- 
sity of  Minnesota,  have 
uniformly  resisted  a 
breaking    pressure    of 

400    lbs.    per   sq.    in.       I     S-t<-<^-S «>m  valti;  spmira 

(more  than  26  atmos- 
pheres). 

The  pressure  bottle 
has  worked  very  satis- 
factorily at  tempera- 
tures of  150°  to  160° 
C,  and  the  valve  pops 
off  very  well  when  set 
for  5  or  6  atmos- 
pheres. It  should  also 
be  satisfactory  for 
somewhat  higher  tem- 
peratures and  pres- 
sures. 


RUBBtR  GASKET 

(Inner  Tire  Tubing) 


GISGEft  ALE  BOTTit 


RD9BER  GASKET 
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Estimation  of  Sulfate  in  Neoarsphenamine' 

By  Elias  Elvove 
Hygienic  Laboratory.  U.  S.  Plblic  Health  Service,  Washington,  D.  C. 


A  method  is  described  whereby  the  sulfate  in  rteoarsphenamine 
can  be  determined  without  the  preliminary  precipitation,  filtration, 
etc.,  of  the  formaldehyde  sulfoxylic  acid  derivative  of  the  arseno  base 
which  is  called  for  by  the  method  of  Raiziss  and  Falkpe.  The  re- 
sults by  the  latter  method,  however,  are  higher  than  by  the  direct 
method,  which  increase  is  probably  due  to  further  oxidation  to  sul- 
fate of  sulfur  present  in  lower  stages  of  oxidation,  during  the  pre- 
liminary precipitation,  filtration,  and  washing  of  the  precipitate. 
The  direct  method  was  used  in  determining  the  sulfate  in  thirty-four 
samples  of  neoarsphenamine  from  ten  manufacturers.  When 
calculated  as  Na<SOi,  the  results  showed  a  variation  from  a  minimum 
of  1.4  per  cent  to  a  maximum  of  17.6  per  cent.     Averaging  the 


results  obtained  with  each  manufacturer's  samples  separately 
these  averages  gave  a  minimum  of  1 .76  per  cent  and  a  maximum 
of  5.82  per  cent.  It  appears,  however,  thai  the  manufacturer  can 
control  his  process  so  that  his  product  will  not  vary  very  much  in 
its  sulfate  content.  Thus  the  average  sulfate  content  {calculated 
as  Na2S0.i)  of  six  samples  of  neoarsphenamine  from  one  manu- 
facturer was  3.52  per  cent  while,  with  the  exception  of  only  one 
sample,  the  largest  difference  was  only  0.32  per  cent;  and  including 
this  one  sample,  the  largest  difference  was  only  0.73  per  cent,  although 
the  samples  examined  cover  a  period  of  manufacture  of  about  three 
years,  during  which  lime  there  were  produced  about  six  hundred  and 
eighty-five  different  lot  numbers. 


A  plan  of  proppdure  lias  recently  been  described  by 
Raizis.s  and  Falkov^  for  determining  the  distribution 
of  sulfur  in  neoarspiienainine.'  This  procedure 
reciuires  four  Ki-avimctric  determinations,  one  of  which  aims 
to  determine  the  sulfur  which  is  present  as  sulfate  in  the 
original  sample.     This  is  carried  out  as  follows: 

0.3  g.  of  the  neoarsphenamine  is  dissolved  in  about  2.5  cc.  of 
water,  the  solution  cooled  in  ice,  and  5  cc.  of  dilute'  hydrochloric 
acid  are  added.  After  standing  I.t  min.  in  the  cold,  the  pre- 
cipitate is  filtered  off  quantitatively  by  suction  through  an  as- 
bestos and  cotton  filter'^  and  washed  many  times  with  small 
amounts  of  1  per  cent  hydrochloric  acid.  The  filtrate,  together 
with  the  combined  washings,  is  then  used  for  determining  the 
sulfate  by  precipitation  with  barium  chloride,  etc. 

In  order  to  make  it  practicable  to  apply  such  tests  in  the 
routine  examination  of  neoarsphenamine,  it  was  thought 
desirable  to  simplify  these  determinations.  As  a  result  of 
some  preliminary  experiments,  it  was  found  that  the  deter- 
mination of  the  sulfate  can  be  carried  out  on  tlie  neoarsphen- 
amine solution  directly  without  the  jireliminary  precipita- 
tion, filtration,  and  washing  of  the  formaldehyde  sulfoxylic 
acid  derivative'  of  the  arseno  base.  In  addition  to  saving 
time  and  labor,  this  direct  method  appears  t«  have  also  the 
ad\'antage  that  it  avoids  tiie  possible  error  which  may  result 
from  further  oxidation  to  sulfate  of  the  sulfur  present  in 
lower  stages  of  oxidation,  during  the  preliminary  treatment 
which  is  called  for  bv  the  method  of  Raiziss  and  Falkov. 
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>  In  the  literature,  neoarsphenamine  is 


ally  given  the  formula 
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.ever,  that  the  commercial  neoarsphenamine  is 
mpound  represented  by  the  above  formula  but 
;  compound,  a  similar  compound  in  which  both 
combined  with  the  formaldehyde  sulfoxylatc 
id  sulfoxylate  and  various  other  impurities,  the 
not  yet  been  determined. 
1  the  determinations  reported  in  this  paper. 

J.  Biol.  Chtm.,  18  (191-1),  297. 

3,,'J'-Diamino-4,4'-dihydroxyarsenobcn«nc-N-l 


It  is  now  recognijed 
not  the  single  chemic 
probably  a  mix 
amino  groups 
grouping,  some 
exact  nature  of 
•  2  N  HCl 


,f  thi! 


b  ha 


New  Procedure 

About  200  cc.  of  distilled  water  were  boiled  down  to  about 
150  CO.  in  a  beaker  of  about  400-cc.  capacity.  The  boiling 
was  stopped,  but  while  the  water  was  still  hot  (75°  to  85°  C.) 
a  0.2-g.  sani])lc  of  neoarsphenamine  was  adtled  and  quickly 
dissolved  with  the  aid  of  a  stirring  rod.  This  was  followed 
quickly  by  10  cc."  of  A'^  HCl.  The  beaker  was  then  covered 
with  a  watch  glass  and  the  contents  boiled  until  the  volume 
was  reduced  to  about  50  cc.  It  was  then  diluted  with  dis- 
tilled water  to  about  1,50  cc,  heated  to  boiling,  and  to  the 
gently  boiling  solution  there  were  added  slowly,  from  a 
jiipet,'  15  cc.  of  0.05  M  BaCU.  The  precipitate  of  barium 
sulfate  was  allowed  to  settle  over  night  and  then  was  filtered 
and  weighed. 

Comparison-  with  Results  of  Raiziss  and  Falkov 
Method 

This  procedure  was  applied  to  the  determination  of  the 
sulfate  in  a  number  of  commercial  samples  of  neoarsphen- 
amine. Some  comparative  results  by  this  direct  method 
and  by  that  of  Raiziss  and  Falkov  are  given  in  Table  I. 

TaBUB    I — COMPAR 


Results  for  Siilratb  by  Direct 
Preliminary  Precipitation 

Method  and 

1.            Method 

\vt. 

of  BaSOi 
Mg. 

Difference 
Mg. 

Direct 
R.  and  F.i 
Direct 
R.  and  F. 

10.6 
20.8 
10. 5 
20.8 

16.2 
16.3 

Direct 
R.  and  F. 
Direct 
R.  and  F. 

7.9 
19.2 

7.6 
20.3 

11.3 
12.7 

Direct 
R. and  F. 
Direct 
4*.  and  F. 

6.6 
24.8 
57.9 
64.1 

18.2 
6.2 

Direct 
R.  and  F. 

5.5 
20.7 

15.2 

ethylcoesulfinic  acid. 


'  Preliminary  precipitation,  etc. 

It  will  be  noted  that  the  amounts  of  sulfate  found  by  this 
direct  method  are  lower  than  the  corresponding  amounts 
found  by  the  method  of  Ilaiziss  and  Falkov,  which  is  in  har- 

•  Usually  the  precipitate  which  forms  at  first  redissolvcs  when  the  last 
portion  of  the  acid  has  been  added  and  the  contents  of  the  beaker  mixed 
with  the  stirring  rod.  In  the  case  of  several  samples,  however,  it  was  found 
ni'cessary  to  add  more  than  the  10  cc.  of  iV  HCl  in  order  completely  to  re- 
dissolve  the  precipitate.  In  such  cases,  therefore,  20  cc.  of  the  N  HCl 
were  added. 

»  The  reason  for  using  a  comparatively  dilute  solution  of  barium  chloride 
of  known  value  was  to  facilitate  the  aim  ultimately  to  carry  out  some  of 
the  sulfur  determinations  volumctrically. 
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mony  with  wliat  we  might  expect,  since  tlie  prehiiiiiiiiry 
treiitiuent  (precipitation,  filtration,  etc.)  called  for  by  tlie 
latter  method  may  increase  tiic  amount  of  sulfate  through 
further  oxidation  to  sulfate  of  the  sulfur  iire.sent  in  lower 
stages  of  oxidation,  especially  as  it  ajipears  that  the  properties 
of  this  precipitate  render  its  complete  filtration  and  washing 
a  comparati\ely  very  slow  process. 

Addition  of  Sui.f.\te 

In  order  to  jirove  that  the  lower  result.s  for  sulfate  by  the 
direct  method  were  not  due  to  loss  of  sulfate  caused  by  the 
preliminary  boiling  of  the  solution,  known  amounts  of  sulfate 
were  added  to  some  of  the  samples  of  neoarsphenamine  which 
were  used  for  obtaining  the  results  gi\cn  in  Table  I,  and  the 
total  sulfate  then  determined  by  the  direct  method.  The 
results  obtained  are  given  in  Table  II. 


t.Iv    III — DlJTlIRMINATION    01»    SOUFATK    IN    VakIOUS    COMMRRCIAI.    Sam- 


NmSOi 

WeiKht  of 

NaiSOi 

Additional 

Manufac- 

Added 

BaSO. 

Equivalent 

NajSOi  Found 

Diflercnct 

TUKER 

Grains 

Grams 

Grams 

Grams 

Grams 

A 

None 

0.0106 

0.006.5 

A 

0.0142 

0.0346 

0.0211 

o!6i46 

0:6664 

A 

0.0711 

0.1269 

0.0772 

0.0707 

-0.0004 

B 

None 

0.0076 

0.0046 

B 

0.0142 

0.0304 

0.0185 

0!6i39 

-o!6663 

B 

0.0711 

0.1226 

0.0746 

0.0700 

-o.oou 

C 

None 

O.0S79 

0.0352 

C 

0.0142 

0.0797 

0.04S5 

o!6i33 

-o!6669 

C 

0.0711 

0.1731 

0,1053 

0.0701 

-0.0010 

The  results  given  in  Table  II  show  that  the  added  sulfate 
was  recovered  fairly  quantitati\ely.'°  And  although  there 
seems  to  be  a  tendency  for  the  results  to  be  about  a  milli- 
gram or  less  under  the  true  value,  this,  however,  could  not 
account  for  the  very  much  greater  differences  (over  1 1  mg. 
in  most  cases)  showii  in  Table  I.  This  would  indicate, 
therefore,  that  the  higher  results  by  the  method  of  Raiziss 
and  Falkov  as  compared  with  those  obtained  by  the  direct 
method  are  due  to  further  oxidation  to  sulfate  of  the  sulfur 
present  in  lower  stages  of  oxidation,  during  the  preliminary 
precipitation,  filtration,  etc.,  required  by  the  former  metliod. 

Tests  of  Method  on  Product  from  Ten  Manufacturers 

Since  it  is  now  recognized  that  the  commercial  neoarsphen- 
amine is  not  the  single  chemical  compound  which  it  had  been 
represented  to  be,  namely,"  sodium  3,3'-diamino-l,4'-di- 
hydrox}--arsenobenzene-N-methylenesulfinate,  but  that  it  is 
really  a  mixture  of  more  or  less  varying  composition,  it  ap- 
peared desirable  to  trj^  out  the  direct  method  described  in 
this  paper  on  a  comparatively  large  number  of  samples  rep- 
resenting the  products  of  as  many  different  manufacturers 
as  possible.  The  results  obtained  vath  thirty-four  samples 
of  neoarsphenamine  from  10  manufacturers  are  given  in 
Table  III. 

The  results  given  in  Table  III  show  that  the  amounts  of 
sulfate  in  commercial  samples  of  neoarsphenamine  vary 
considerably.  Calculated  as  NajSOj,  it  may  be  as  low  as 
1.4  per  cent  (D,  No.  4)  or  as  high  as  17.6  per  cent  (C,  No.  2). 
The  latter  amount  of  sulfate,  however,  seems  to  be  rather 

'»  One  might  argue  that  the  neoarsphenamine  solution  affects  the  solu- 
bility of  the  barium  sulfate  so  that  a  certain  amount  of  the  barium  sulfate 
is  used  up,  in  the  case  of  the  direct  method,  for  saturating  the  solution. 
If  this  were  so.  one  could  recover  quantitatively  the  added  sulfate  and  yet 
not  disprove  the  hypothesis  that  the  direct  method  gives  lower  results  for 
the  reason  that  the  introduction  of  the  neoarsphenamine  increases  the  solu- 
bility of  the  barium  sulfate.  In  order  to  see  whether  there  is  any  basis  for 
such  an  argument,  about  30  mg.  of  precipitated  barium  sulfate  were  added 
to  a  neoarsphenamine  ("A,"  No.  1)  solution  of  a  concentration,  acidity, 
and  other  conditions  approximately  similar  to  those  which  we  have  when 
the  sulfate  is  determined  by  the  direct  method.  The  volume  of  about  150 
cc.  was  boiled  down  to  about  50  cc.  It  was  then  diluted  again  to  about  150 
cc,  heated  to  boiling,  allowed  to  setUe,  etc..  just  as  in  the  case  of  the  sulfate 
determination.  Results  showed  that  the  introduction  of  the  neoarsphen- 
amine did  not  increase  appreciably  the  solubility  of  the  barium  sulfate. 

1'  Morgan,  "Organic  Compounds  of  Arsenic  and  Antimony,"  1918,  251. 
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PHRCnNTAOB 

[anufacturbr 

Lot  No. 

NajSOi 

A 

1 

3.25 

A 

2 

3.20 

A 

3 

3.45 

A 

4 

3.55 

A 

.■5 

3.45 

A 

0 

4.25 

Av.  3.52 

B 

1 

3.05 

H 

2 

2.40 

B 

3 

2  30 

B 

4 

3.75 

B 

5 

2.45 

B 

6 

2.30 

Av.  2.71 

C 

1 

2.00 

C 

•> 

17.60 

c 

3 

1.75 

c 

4 

2.20 

c 

5 

3.45 

c 

6 

1.85 

Av.  2.25' 

D 

1 

1.70 

D 

2 

1.95 

D 

3 

2.00 

D 

4 

1.40 

Av.   1.76 

E 

1 

3.25 

E 

2 

2.65 

E 

3 

2.40 

Av.  2.77 

F 

1 

5.00 

F 

2 

2.85 

F 

3 

5.70 

Av.  4.32 

G 

1 

5.75 

G 

2 

5.90 

Av.  5.82 

H 

1 

3.30 

H 

2 

5.25 

Av.  4.27 

I 

1 

1.65 

J 

1 

4.20 

'  Omitting  Lot  2, 

which 

evide 

ntly 

contained  a  i 

■ather  exceptionally 

exceptional.  But  this  variation  is  apparently  not  unavoid- 
able, since  some  manufacturers  (e.  g.,  A)  produce  a  product 
which  is  fairly  uniform'^  in  its  sulfate  content.  On  the  other 
hand,  in  the  case  of  some  other  manufacturers  (e.  g.,  C), 
the  variation  is  comparatively  very  large.  If  we  omit  the 
results  obtained  'ndth  the  samples  from  I  and  J,  since  there 
was  only  one  sample  of  each  examined,  and  average  the 
results  obtained  with  each  manufacturer's  samples  separately, 
these  averages  give  a  minimum  of  1.76  per  cent  and  a  maxi- 
mum of  5.82  per  cent.  These  figures,  therefore,  may  be 
taken  as  indicating  approximately  the  average  limits  of 
sulfate  content  when  we  consider  the  products  of  different 
manufacturers. 

WMle  the  primary  object  of  the  sulfate  determination  is 
to  obtain  figures  which,  together  with  other  anal\i:ical  data, 
will  enable  us  to  calculate  the  distribution  of  the  sulfur  in 
the  neoarsphenamine,  it  would  seem  that  it  might  also  serve 
as  a  sort  of  partial  index  of  the  uniformity  of  the  conditions 
of  manufacture.  Furthermore,  although  most  of  the  sulfate 
can  probably  be  traced  to  impurities  in  the  sodium  formal- 
dehyde sulfo-xylate,  still  it  is  quite  possible  that  at  least  some 
of  the  sulfate,  especially  in  the  case  of  a  manufacturer  whose 
neoarsphenamine  shows  a  comparatively  large  variation  in 
its  sulfate  content,  is  the  result  of  further  oxidation  to  sul- 
fate of  sulfur  present  in  lower  stages  of  oxidation,  during 
some  stage  of  the  process  of  manufacture  or  handling.  And 
since  when  neoarsphenamine  is  partly  oxidized  it  gives  rise 
to  a  comparatively  highly  toxic'^  product  and  since  conditions 
which  wUl  bring  about  such  oxidation  might  also  cause  an 
increase  of  the  sulfate  content,  it  would  seem  that  a  compara- 
tively large  increase  in  the  sulfate,  which  camiot  be  explained 
as  due  to  extraneous  sources,  might  be  regarded  with  sus- 
picion. The  sulfate  determination  might,  therefore,  also 
serve  for  this  purpose. 

1'  And  in  face  of  the  fact  that  the  samples  tested  cover  a  period  of  manu- 
facture of  about  3  yrs. 

13  Thus,  for  example,  Roth  [Public  Health  Reports.  36  (1920),  2205]  found 
that  shaking  an  aqueous  solution  of  neoarsphenamine  for  10  mtn.  may  in- 
crease its  toxicity  over  fourfold. 
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The  Surface  Tension  of  Petroleum' 

By  C.  K.  Francis  and  H.  T.  Bennett 
CosDE.s-  &  Co.,  Tulsa.  Oklahom.\ 


The  surface  tension  of  petroleum  from  carious  sections  of  the 
United  States  has  been  determined.  It  is  found  that  the  value  in- 
creases with  the  specific  gravity. 

The  small  quantity  of  fatly  acids  and  amorphous  and  crystalline 
wax  commonly  found  in  petroleum  products  does  not  appear  to 
influence  the  surface  tension. 

The  presence  of  high  boiling  fractions  and  products  of  high  vis- 
cosity tends  to  raise  the  surface  tension  of  the  lighter  petroleum  prod- 
ucts, such  as  gasoline  and  naphtha. 

The  surface  tension  decreases  as  the  temperature  increases,  the 
surface  tension  of  the  oils  tested  decreasing  approximately  0.05 
dynes  per  cm,  for  each    "F.  increase  in  temperature. 

Surface  tension  in  conjunction  with  other  tests  may  aid  in  de- 
termining the  lubricating  and  other  values  of  an  oil. 

MANY  properties  of  oils  are  to  be  con.sidered  when 
studying  their  beha\ior  in  machinery,  and  these 
properties  are  important  in  connection  with  measure- 
ments of  volume  and  transportation  through  pipe  lines.  Xo 
single  characteristics  may  with  rea.«on  and  safety  be  chosen 
by  which  to  judge  an  oil  for  a  specific  purpose,  but  a  combi- 
nation of  properties  is  usually  selected  and  an  interpretation 
for  value  made  from  it.  The  addition  of  surface  tension  to 
the  other  commonly  recognized  properties  of  oils  will,  it  is 
thought,  aid  in  such  an  interpretation. 

The  facts  presented  in  this  article  may,  in  themselves,  ap- 
pear to  have  a  limited  range  of  applicability,  but  it  is  thought 
that  logical  conclusions  as  to  practical  application  may  be 
deri\-cd  from  our  experiments.  The  value  of  certain  oils  is 
concerned  with  the  interface  oil-metal,  and  better  data 
would  be  contained  in  mea.surements  showing  the  relation 
between  liquid  and  solid. 

The  surface  tension  of  any  liquid  is  due  to  the  cohesive 
action  of  the  particles  composing  the  liquid.  These  cohesive 
forces  act  in  all  directions  below  the  surface  and  a  particle 
in  the  interior  of  a  liquid  is  equally  attracted  on  all  sides,  but 
a  particle  in  the  surface  layer  is  attracted  inwards  by  the 
particles  of  li(iuid  within  its  sphere  of  influence,  the  corre- 
sponding attraction  by  the  few  particles  in  the  vapwr  space  be- 
ing negligible  in  comparison.  Hence,  at  the  surface  of  every 
liquid  there  is  a  force,  the  so-called  surface  tension,  which 
acts  inward  and  causes  the  liquid  to  act  as  if  it  were  covered 
by  an  elastic  skin. 

The  surface  tension  of  petroleum  from  different  sections  of 
the  United  States,  and  of  the  products  derived  from  the 
various  crudes,  was  determined  in  order  to  ascertain  whether 
a  relation  existed  between  the  surface  tension  and  any  other 
physical  properties  of  the  oils. 

The  measurements  were  made  with  the  duXouy  apparatus. 
The  apparatus  is  simply  a  torsion  balance,  but  instead  of 
measuring  the  tension  by  means  of  weights,  the  torsion  of 
wire  is  used  to  counteract  the  tension  of  the  liquid  filin  and  to 
break  it.  A  single  reading  on  a  dial  suj)plies  a  figure  from 
which,  if  the  apparatus  has  been  previously  standardized 
with  water,  the  surface  tension  may  be  obtained  by  a  simple 
proportion. - 

'  Reccivf*!  January  16,  1922.  Presented  before  the  Section  of  Pe- 
troleum Chemistry  at  the  63rd  Meeting  of  the  American  Chemical  Society. 
BirminKham.  Ala.,  April  3  to  7,  1 032. 

«  J.  Cin.  Physiol..  1  (1919),  521. 


Method  of  Opeiuting 

The  watch  glass  or  beaker  to  be  used  for  containing  the 
liquid  is  thoroughly  cleaned  in  a  mixture  of  potassium  bi- 
chromate and  sulfuric  acid,  and  then  rinsed  in  distilled  water. 
The  liquid  to  be  tested  is  then  poured  into  the  watch  glass 
which  is  placed  upon  the  table  G  in  the  accompanying  figure. 
The  platinum  vare  H  is  held  in  a  flame  until  all  organic  ma- 
terial is  burned.  Then,  without  touching  it  with  the  fingers, 
it  is  hooked  to  the  lever  D.  The  needle  indicator  A  is  brought 
by  means  of  the  knob  B  just  in  front  of  the  point  0  on  the 
dial.  Then,  by  using  the  adjusting  screw  F,  the  torsion  of 
the  wire  is  modified  until  the  lever  D  is  just  above  the  rest- 
ing platform  E,  the  distance  between  them  not  exceeding  the 
thickness  of  a  piece  of  very  thin  jjaper.  The  screw  C  being 
fixed  in  position,  one  will  obser\e  that  an  imperceptible  move- 
ment of  the  knob  B  will  bring  the  lever  in  contact  with  plat- 
form E  practically  without  changing  the  reading  on  the  dial. 
The  apparatus  is  now  ready  for  use. 


The  table  G  is  raised  slowly  by  means  of  the  adjusting 
screw  until  the  liquid  touches  the  platinum  ring  H.  One  must 
be  sure  that  a  perfect  contact  exists.  Then,  bj'  turning  the 
knob  B  the  torsion  of  the  wire  is  controlled,  and  one  keeps  on 
turning  until  the  ring  is  .suddenly  separated  from  the  liquid 
by  tearing  otY  of  the  film.  The  reading  is  then  made.  The 
average  of  the  two  or  more  readings  is  noted  and  the  instru- 
ment is  standardized  as  follows: 

A  small  piece  of  clean  paper  is  cut  in  such  shap)e  that  it  can 
easily  be  slipped  upon  the  platinum  ring  H,  in  the  stirrup, 
after  it  has  been  weighed.  Weights  are  added  on  top  of  it, 
until  the  lever  is  forced  down  to  its  horizontal  position,  not 
quite  in  contact  with  the  platform.  It  is  now  obvious  that 
the  sum  of  the  weights,  plus  the  weight  of  the  paper,  repre- 
sents exactly  in  grams  tlie  strain  of  the  wire.  This  being 
determined,  we  know  the  strain  of  the  liquid  film  which  was 
counteracted  by  the  torsion  of  the  wire.  .'\i5  the  surface  ten- 
sion is  expressed  in  dynea  per  cm.,  the  number  of  gr.ams  must 
be  multiplied  by  981,  and  this  product  divided  by  the  length 
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of  tliL'  circumference  of  the  ring  in  order  to  have  tlie  number 
of  tlynes  for  every  centimeter;  but,  as  two  films  act  on  the 
ring,  one  outside  and  one  inside,  this  result  must  be  divided 
by  two. 

M  X  g 
I'L 
where  M  =  Weight  in  g. 

g    =  Acceleration  in  cm.  per  sec. 
L    =  Length  of  platinum  wire  in  cm. 

Exam  tie 
Water  at  00°  F. 
Weight  necessary  to  brins  l(-\  tr  down,  ^rai 


Surface  tension  in  dynes  i)cr  cm. 


WeiKht  of  paper,  gran 
Total  weight 
Then  0.(>390  X  9S1 
Reading  on  dial  SI 


0.6200 
0,0130 
0,6390 


Tlien  any  re.iding  on  the  dial,  multiplied  by  the  ratio 
78.3.57/SI  or  0.9()7,  will  give  tlie  surface  tension  in  dynes  of 
any  liquid  tested.  The  results  may  be  checked  to  0.2  dyne 
per  cm.  by  this  method. 

ExPERIMEN"r.\L 

The  surface  tension  of  distilled  water  at  different  tempera- 
tures was  determined,  in  order  that  comparisons  could  be 
made  between  the  surface  tension  of  oils  and  water  at  the 
sanie  temperature,  and  that  the  duNouy  figiu-es  could  be 
compared  with  those  obtained  by  any  method. 


Tabub  I— Surka 

ceTi 

E.NSION  OP  WaTEI 

Temperature 

Sii 

RFACE  Tension 

°F. 

Dynes/Cm. 

60 

78.2 

65 

78.1 

70 

77.6 

75 

77.1 

80 

70.6 

The  surface  tension  and  the  gravity  of  petroleum  were 
next  determined. 


Table  II — Surface  Tension  of  Petroleum  fru 
THE  United  States 
Base  of  Specific 

Oil  Color  Gravity      " 

Paraffin        Yellow 


Different  Fields  i 


Source 
Cabin 

Creek. 

W.  Va. 
Winnelte, 

Mont. 
Cushing, 

Okla. 
Osace. 

Okla. 
Bixby. 

Okla. 
Homer, 


Semi- 
par 
Serai- 


Very  dark 

green 
Very  dark 

green 


afUn  Dark  green 
emi-  Very  dark 

parafGn 


0.7865 

0.7937 
0.S279 
0 . 8403 
0.8444 
0.8464 


46.4 
39.1 
36.6 
35.8 
35.4 


29.0 
29.7 
30.7 
30.8 
31.2 


The  results  indicate  that  a  relationship  exists  between  the 
surface  tension  and  the  specific  gravity  of  petroleum  and 
that  the  former  increases  as  the  latter  increases. 

The  physical  constants  of  products  from  certain  Oklahoma 
crudes  were  determined  to  ascertain  the  effect,  if  any,  of 
gravitj',  volatility,  and  viscosity  upon  the  surface  tension. 

The  tests  indicate  that  the  surface  tension  increases  as 
the  Baum6  gravity  decreases  and  that  the  presence  of  high- 
boUing  products  increases  the  surface  tension. 

The  surface  tension  appears  to  increase  as  the  Saybolt 
viscosity  increases,  but  the  latter  increases  somewhat  more 
rapidly  than  the  former.  The  \'iscosity  as  determined  by 
the  Saybolt  method  is  simply  a  measurement  of  the  rate  at 
which  the  oil  wiU  rise  in  a  small  capillary  tube  when  under  a 
slight  pressure.  As  the  surface  tension  is  frequently  deter- 
mined by  noting  the  height  to  which  a  column  of  liquid  ^\ill 
rise  in  a  small  capillary  tube,  it  would  be  e.xpected  that  the 
Saybolt  thermo  viscometer  readings  would  be  affected  by  sur- 
face tension  as  well  as  by  viscosity. 

The  results  show  also  that  the  surface  tension  decreases 
as  tlie  temperature  increases.  It  appears  that  the  surface 
tension  varies  approximately  0.05  dyne  per  cm.  for  each 
°  F.  change  in  temperature  of  the  products  tested. 


Tai 

lUE  III- 

-Tests  on 

Lighter  Fractions 

PROM 

Petroleuh 

Surface  Te) 

NSION. 

Dynes  per 

B6. 

Boilino 

Point,  "F. 

Viscosity' 

Cm 

.at  °' 

F. 

Gravity 

Initial 

Max. 

60°  F. 

90°  F. 

60 

70 

80 

85 

90 

62   4 

108 

392 

24  4 

60.6 

106 

404 

i25 

26^9 

20:4 

25:6 

59.  3 

111 

426 

24:6 

59.1 

96 

449 

24.8 

58.9 

120 

426 

25.3 

58.6 

114 

4.34 

25.3 

.58,4 

100 

412 

25.3 

58.4 

110 

434 

25.6 

57.4 

131 

436 

25.7 

57.3 

100 

448 

27:6 

27:3 

26:9 

57.1 

116 

429 

24:8 

57.1 

110 

450 

25.7 

56.8 

118 

440 

i43 

27:6 

27  :i 

26:6 

56.9 

120 

436 

25:4 

56.3 

106 

450 

25.8 

55.7 

140 

439 

i.54 

27:8 

27.  5 

27:6 

55.2 

126 

454 

26:3 

54.3 

146 

442 

27  4 

48.3' 

132 

558 

28.2 

46.7 

224 

466 

29.2 

45.9 

146 

608 

24  9 

36:6 

26:6 

26:6 

43.9' 

146 

558 

26:  i 

42.2 

326 

490 

320 

247 

3i:9 

3i:9 

36:9 

.36:5 

41.5 

344 

575 

419 

312 

32.7 

31.9 

31.2 

30.9 

39.5 

380 

612 

545 

396 

33.1 

32.4 

31.9 

31.4 

As  difficulty  is  sometimes  experienced  in  pressing  wax 
from  wax  distillate,  on  account  of  its  poor  crystalline  struc- 
ture, tests  were  made  to  ascertain  if  a  relation  existed  between 
the  surface  tension  and  the  crj^stalline  structure  of  the  wax 
in  the  distiUates.    The  results  are  shown  in  Table  IV. 


Table  IV — Tests  on  Wax  Distillate 


Be.  Cold 

Gravity    Flash    Fire    Test 


31.8 
31.8 
29.9 


253 
280 
275 
295 
260 
284 
370 
230 


315 
350 
340 
380 
315 


Crystalline 
Structure  of 
Wax  Present' 

Fair 

Fair 

Fair 

Fair 

Poor 

Poor 

Poor 

Good 


Viscosity  at 
100°  F.  Say- 
bolt Universal 


'  Determined  by  microscopic  examination  of  the  wax 
K  distillate  by  shaking  with  chloroform,  cooling,  and 
ve  the  separated  wax. 


Surface  Ten- 
sion Dynes  / 
Cm.  at  85°F. 
34.4 
35.0 
34.6 
35.5 
34.4 
34.7 
36.2 
35.0 

extracted  from  the 
centrifuging  to  re- 


The  wax  was  removed  from  two  distillates,  and  the  sui'faee 
tension  of  the  oil  before  and  after  the  removal  of  the  wax  was 
determined.  No  difference  was  noted.  The  addition  of 
10  per  cent  of  petrolatum,  and  9  per  cent  of  122°  melting- 
point  wax  also  failed  to  change  appreciably  the  surface  ten- 
sion. The  above  tests  indicate  that  the  surface  tension  test 
cannot  be  used  as  a  guide  for  determination  of  the  quantity 
and  the  crystalline  structure  of  the  wax  in  distillates. 

The  true  relation  between  the  surface  tension  and  the  lu- 
bricating value  of  an  oil  has  not  been  determined,  but  it  is 
evident  that  surface  tension  plays  an  important  role  in  lu- 
brication because  it  may  aid  in  the  maintenance  of  the 
oil  film  between  the  moving  surfaces. 

In  order  to  study  the  relation  between  the  surface  tension 
and  the  properties  of  lubricants,  tests  were  made  on  oils 
of  different  viscosities,  on  vegetable  oil,  and  on  a  mixture  of 
fatty  acid  and  cylinder  stock. 

Table  V — Tests  of  Lubricants 


Product 
Oklahoma  lubricating  oil 
Oklahoma  lubricating  oil 
lubricating  oil 
lubricating  oil 
lubricating  oil 
cylinder  stock 
lubricating  oil 


Uni 
Be.        Cold    Vis 


Saybolt 


Gravity  Test 
27.1       23 


iity 


Oklah 
Oklah 
Oklah 
Oklah 
Califo 
Casto 


oil 


27.2 
26.2 
25.8 
25.5 
23.8 
19.7 
15.9 


25 


i  100° 
155 
160 
185 
240 
260 
1160 
428 
100  at 
210°  I 


Q  + 
Green 

4.5- 


36.0 
36.2 
36.0 
36.4 


The  above  tests  indicate  that  the  great  variations  observed 
in  the  viscosity,  the  usual  standard  for  determining  the  lu- 
bricating value  of  an  oO,  cannot  be  explained  by  the  surface 
tension  test  of  the  oils  as  determined  against  air,   because 
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the  differences  in  surface  teasion  between  \-iscous  and  com- 
paratively nonviscous  oils  were  slight.  It  appears  that  it 
would  be  necessary  to  measure  the  surface  tension  exerted 
at  the  interface  between  the  oil  and  the  metal,  and  not  the 
surface  tension  of  oil  as  determined  against  air,  to  determine 
the  true  relationship  between  surface  tension  and  lubrication. 
The  addition  of  1  to  5  per  cent  of  fatty  acids,  that  is, 
commercial  oleic  acid,  soy-bean  fatty  acid,  and  animal  fatty 
acid,  to  Oklahoma  oils  increased  the  surface  tension  very 
slightly,  that  is,  0.1  to  0.8,  but  not  enough  to  signify  any 
great  change  in  the  physical  properties  of  the  oU. 


It  is  probably  true  that  a  dissolved  .substance  changes  the 
surface  tension  of  a  nonvolatile  solution;  therefore,  it  is 
reasonable  to  assume  that  foreign  substances  or  impurities 
maj^  exert  considerable  influence  on  the  surface  tension. 


Product 

Crude 

Gasoline 

Naphtha 

Kerosene 

Gas  oil 

Lubricating  oil. . 
Wax  distillate... 


[MARY  OF  Tests 

Surface  Tension 

Gravity 

AT  85°  F. 

35.4  -  48.0 

28.8  -  31.2 

56.3  -  62.4 

24.4  -  25.8 

46.7  -  55.2 

26.3  -  29.2 

40.2  -  42.4 

30.7  -  31.2 

35.9 

33.1 

in.7  -  27.1 

36.0  -  37.5 

27.5  -  33  2 

33.6  -  36,2 

Automatic  Carbon  Dioxide  Indicator  for  Flue  Gas' 


By  R.  B.  MacMullin- 
33  Vernon  Place,  Buffalo,  New  York 


The  accompanying  diagram  depicts  an  apparatus  for  the  con- 
tinuous automatic  analysis  of  a  gas  mixture  for  one  constituent,  such 
as  carbon  dioxide  in  flue  gas.  The  apparatus  can  be  made  with 
bottles  and  glass  tubing,  and  can  be  assembled  compactly  in  a  wooden 
case.  8  in.  X  20  in.  X  20  in.,  prodded  with  a  window  through 
which  readings  may  be  taf^en. 

The  instrument  is  accurate  to  0.2  per  cent  carbon  dioxide,  and 
will  record  continuously  for  two  days  or  more  without  need  of  refilling 
the  scrubber  or  readjusting  the  zero  point. 

THE  apparatus  consists  essentially  of  a  dust  trap,  c, 
a  differential  flowmeter,  e,  the  readings  of  which 
indicate  directly  the  percentage  of  carbon  dioxide,  a 
Friedrich's  spiral  scrubber,  k,  containing  25  per  cent  .sodium 
hydroxide,  a  control  capillary,  m,  a  device  for  maintaining  a 
constant  pressure  drop  around  m,  a  device,  ii,  for  maintain- 
ing constant  pressure  drop  around  the  entire  system,  and  a 
suction  pumj),  ij. 

The  i)rinci|)le  upon  which  the  apparatus  works  is  as  follows: 
If  a  constant  pressure  drop  be  applied  around  the  capillary 
7)1,  air  will  be  forced  through  it  at  a  constant  rate.  If  air, 
instead  of  flue  gas,  be  sucked  into  the  apparatus,  the  rate 
through  the  flowmeter  e  will  be  the  same  as  the  constant 
rate  through  m.  This  causes  the  indicating  liquids  in  the 
manometer  of  the  flowmeter  to  register  0  per  cent  carbon  di- 
o.xide.  If,  now,  gases  containing  carbon  dioxide  are  sucked 
into  the  system,  the  caustic  soda  in  the  spiral  scrubber  causes 
enough  additional  gas  to  be  sucked  through  e  to  make  up  the 
requisite  standard  rate  of  COj-free  air  through  m.  This 
increment  of  flow  through  e  causes  the  indicating  liquid  in 
the  manometer  to  be  disi)laced  by  an  amount  corresponding 
to  the  per  cent  of  carbon  dioxide  in  the  entering  giis. 

Descuiptio.v  of  Appar.\tus 

DUST  TR.\p — An  8-oz.  bottle  filled  loosely  with  cotton 
batting.     Cock  a  admits  flue  gas  and  cock  h,  air  to  tlic  system. 

FLOw.METEi! — The  cajiillary  tube  c  is  about  1.5  cm.  long 
and  of  about  1-inm.  bore.  The  bulbs  j7i  and  g^  are  taken 
from  50-cc.  pipets  and  sealed  to  the  manometric  tubes  hi  and 
/i2,  of  3-mm.  bore  and  35-cm.  length. 

The  bulbs  are  filled  half  full  of  ethyl  alcohol,  colored  with 
a  dye.  About  10  ce.  of  kerosene  are  jilaced  in  bulb  gi.  The 
dye  is  insoluble  in  kerosene  and  the  boundary  between  the 
two  liquids  is  distinct.  The  specific  gravity  of  the  alcohol 
used  was  0.805  and  that  of  the  kerosene  was  0.700.  While 
the  boundary  remains  in  the  cylindrical  part  of  the  bulb  gi, 

'  Received  March  2.  1922. 

•  Research  Chemist,  Mathicson  Alkali  Works.  Niagara  Falls.  N.  Y. 


a  1-cm.  movement  of  the  boundary  will  represent  a  1.61-cm. 
head  of  water  around  the  capillar}'  e.  In  order  to  make  the 
boundary  sink  just  into  the  manometer  tube  hi,  a  head  of 
about  4  cm.  alcohol  or  3.2  cm.  water  is  required.  While  the 
boundary  is  in  the  manometric  arms  a  1-cm.  displacement 
corresponds  to  0.805—0.790=0.015  cm.  water.  Thus,  the 
movement  of  the  boundary  in  the  arm  hi  is  1.61/0.015 
=  108  times  as  great  as  the  movement  in  the  bulb  gi  for 
the  same  increment  of  pressure. 

The  COo  scale  placed  behind  the  manometer  must  be  de- 
termined bj'  calibration.  While  air  is  being  sucked  through 
the  instrument,  the  rate  through  the  capillary  m  is  varied 
until  the  boundary  just  sinks  into  the  arm  h  to  a  level  ar- 
bitrarily chosen  as  zero.  Gas  mixtures  of  known  carbon 
dioxide  content  are  next  admitted  to  the  system,  and  after 
equilibrium  has  been  reached  the  dis])Iacement  0  is  measured 
on  a  millimeter  scale.  These  values  of  0  are  plotted  against 
per  cent  of  carbon  dioxide  as  indicated  in  Fig.  2.  The 
values  of  0  corresponding  to  even  percentages  of  carbon  diox- 
ide are  marked  on  a  strip  of  white  paper  which  is  to  be  fas- 
tened permanently  behind  the  manometric  arms. 

If  Vo  is  the  standard  rate  of  gas  flow  through  m  and  Vt, 
the  rate  through  the  flowmeter  corresponding  to  x  per  cent 
carbon  dioxide,  the  following  relation  holds: 

100  (Vi  -  Vo)  =  a:.Vi 

Inasmuch  as  the  deflection  0  is  very  nearly  directly  pro- 
portional to  the  increment  of  rate  (V,— Vo)  the  spacing  of 
the  units  on  the  CO2  scale  will  be  more  liberal  as  the  per- 
centage of  carbon  dioxide  increases. 

The  size  of  capillary  chosen  (1  mm.)  gives  a  rate  for  Vo 
of  about  100  cc.  per  min.  Cotton  should  be  stuffed  into  the 
arms  /i  and  f^  to  reduce  and  dampen  the  vibrations  of  the 
boundary  due  to  bubbling  in  the  system.  This  also  prevents 
evaporation  of  the  liquids  used  in  the  manometer. 

SPIRAL  SCRUBBER — A  Friedrich's  spiral  scrutiber  will  give 
intimate  contact  between  the  gas  and  the  liquid,  and  assure 
complete  absorption  of  carbon  dioxide.  The  scrubber  ^vill 
have  to  be  recharged  with  fresh  sodium  hydroxide  periodi- 
cally. If  the  flue  ga.s  contains  10  per  cent  carbon  dioxide,  200 
cc.  of  25  per  cent  sodium  hydroxide  will  last  55  hrs.  before 
being  converted  to  sodium  bicarbonate: 


Time  = 


1 .285  X  25.5  X  2  X  22,300  X  0.90 


55  hrs. 


40  X  100X60X0.10 

DEVICE  FOR  STANDARD  RATE  OF  FLOW  OF  GAS — The  Capil- 
lary m  is  somewhat  finer  than  that  in  the  flowmeter.  It 
should  give  a  pressure  drop  of  at  least  15  cm.  water  for  a 
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Fig.  1 — Automatic  Carbon  Dioxidb  Indicator  for  Fi.ue  Ga 


gas  rate  of  100  cc.  per  min.     Tu  fucilitate  selection  and  trial 
it  is  held  in  {)lace  by  rubber  nipples,  as  show-n. 

The  wide-mouthed  bottle  q  should  be  at  least  13  cm.  in 
diameter;  its  capacity  is  immaterial.  The  tube  p  is  1.3  cm. 
in  diameter  and  35  em.  king,  and  extends  nearly  to  the  bot- 
tom of  the  bottle.  The  3-inni.  tube  o  from  the  capillary  ex- 
tends to  Viithin  about  18  cm.  of  the  bottom  of  the  bottle. 
Tube  t  connects  the  upper  end  of  p  wth  the  suction  de\'ice  «. 
Liquid  may  be  forced  in  or  out  of  bottle  q  by  means  of  the 
leveUng  bottle  s  and  the  siphon  r.  Tube  n  connects  the  jires- 
sure  end  of  the  capillary  with  the  gas  space  in  bottle  r/.  Wa- 
ter may  be  used  in  q  and  s,  but  because  of  its  tendency  to 
evaporate  and  change  the  zero  reading  of  the  flowmeter, 
triacetin  has  been  found  better.  It  has  an  extremely  low 
vapor  pressure  at  ordinary  temperature,  is  quite  mobUe,  and 
is  nonhygroscopic.     It  has  a  density  nf  1.160. 

In  operation,  the  suction  on  tube  t  is  adjusted  until  the 
liquid  level  rises  several  centimeters  above  the  outlet  of 
tube  0.  The  gas  passing  from  o  to  t  must  therefore  bubble 
through  a  column  of  liquid  8  cm.  high. 

The  pressure  around  capillary  m  is  represented  by  the  height 
of  the  Uquid  column  y.     This  remains  constant,  even  for  minor 

fluctuations  in  S,  be- 
cause of  the  large  cross- 
sectional  area  of  the 
bottle  q  as  compared 
to  the  tube  p.  For 
instance,  a  movement 
of  1  cm.  in  p  corre- 
sponds to  a  change  in 
7  of  (1.3/13)2  =  0.01 
cm.  A  variation  of 
0.01  cm.  when  y  is 
15  cm.  corresponds  to 
a  change  in  head  around  m  of  0.07  per  cent.  The  head  is 
adjusted  by  means  of  the  leveling  bottle  untU  the  flowmeter 
reads  zero  for  air. 

coxsT.VNT  SUCTION  DEVICE — M  is  a  hydrometer  cylinder 
containing  a  several  centimeter  depth  of  mercury  and  about 


Displacement,  fi  mm. 


FiQ.  2 


10  cm.  of  water,  or,  preferably,  triacetin.  The  open  tube  v 
slides  through  the  rubber  gland  w  and  dips  into  the  mercury. 
The  outlet  tube  x  connects  with  a  small  glass  suction  pump, 
y,  actuated  by  water.  The  outlet  tube  on  the  pump  should 
not  be  over  1  m.  long.  The  pump  is  made  to  pull  a  small 
stream  of  gas  down  through  tube  v  and  through  the  liquid  in  v.. 

The  upper  end  of  v  is  connected  to  the  dust  trap  by  the  tube 
d.  By  virtue  of  this  connection,  a  constant  head  is  main- 
tained around  the  entire  system.  This  head  is  represented 
by  the  depth  to  which  tube  v  sinks  into  the  mercury  and  tri- 
acetin. Thus  ^  cm.  mercury  and  <ii  cm.  triacetin  would 
correspond  to  a  head  of  13.6  i/-  +  1.160  <A  cm.  water.  The 
tube  V  is  adjusted  until  the  liquid  level  in  the  tube  p  rises 
several  centimeters  al)ove  the  outlet  of  tube  o  as  indicated. 

WTien  the  sample  tube  a  is  inserted  in  the  chimney  where  the 
pressure  is  less  than  atmospheric,  the  seal  in  tube  p  might  be 
broken,  were  it  not  for  the  equalizing  effect  of  the  by-pass  d. 

The  flowmeter  does  not  respond  immediately  to  a  change  in 
per  cent  carbon  dioxide.  In  fact,  a  sudden  increase  in  the 
per  cent  carbon  dioxide  is  always  accompanied  by  a  prelimi- 
narj'  deflection  in  the  UTong  direction.  This  is  because  car- 
bon dioxide  is  less  viscous  than  air,  and  causes  a  decrement  in 
pressure  around  the  capillaiy  e  until  this  extra  carbon  dioxide 
begins  to  be  absorbed  by  the  sodium  hydroxide  in  the  scrub- 
ber. Two  minutes  should  be  allowed  before  reading,  after  a 
sudden  change  in  the  character  of  the  gas  sample. 


The  Department  of  Chemistry  of  the  University  of  Maine 
will  conduct  a  School  of  Chemistry  and  a  Pulp  and  Paper  School 
from  June  26  to  August  4.  1922.  The  work  is  designed  to  meet 
the  specific  needs  of  premedical  students,  teachers  of  chemistry 
and  science  teachers  who  wish  to  review  the  course  in  general 
chemistry  or  are  preparing  to  teach  chemistry,  students  who 
desire  to  begin  or  anticipate  work  in  chemistry  or  make  up 
deficiencies,  students  who  are  qualified  to  take  pulp  and  paper 
courses,  and  pulp  and  paper  mill  men  with  or  without  technical 
training  who  have  had  practical  experience  and  desire  to  gain 
a  scientific  understanding  of  important  phases  of  pulp  and 
paper  manufacture  and  testing  or  phases  of  work  with  which 
they  are  imfamiliar.  Special  lectures  on  pulp  and  paper  topics 
will  be  given. 
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Manufacture  of  Phosphoric  Acid  in  the  Electric   Furnace 
hv  the  Condensation  and  Electric  Precipitation 

Method' 


By  Theodore  Swann- 


Brow-n-Marx  Bl'ilding,  Birmingham,  .\la 


The  commercial  produclion  of  phosphoric  acid  in  the  electric 
furnace  by  condensation  and  electrical  precipitation  is  now  being 
successfully  conducted.  Methods  of  purification  hace  been  worked 
out  and  are  now  in  operation.  Processes  have  been  developed  and 
are  actually  operating  for  the  manufacture  of  carious  high-grade 
phosphate  products. 

PHOSPHORIC  acid  is  one  of  the  principal  mineral  acids 
used  in  agriculture  and  the  industries.  By  far  the 
largest  portion  is  used  in  the  fertilizer  industry,  but 
there  has  been  a  decided  increase  in  its  use  for  food  products 
and  numerous  industrial  purposes. 

The  method  which  has  heretofore  been  generally  used  con- 
sists in  treating  a  phosphate,  usually  bone  or  phosphate 
rock,  with  sulfuric  acid.  When  the  phosphoric  acid  has  been 
converted  into  a  soluble  form,  it  is  separated  from  the  resi- 
due. Acid  produced  in  this  way  is  too  dilute  for  many  pur- 
poses and  must  be  concentrated. 

Electrica-L  Precipitation  Method 

Three  furnaces  are  in  full  operation  at  Anniston,  utilizing 
about  10,000  h.  p.  Electric  power  is  supplied  by  the  .\labama 
Power  Company  from  its  hydroelectric  plant  on  the  Coosa 
River  and  is  delivered  to  the  furnace  transformers  at  44,0(J0 
volts.  Provision  is  made  for  varying  the  voltage  in  the  fur- 
nace, as  operating  conditions  may  require. 

Phosphate  rock  is  obtained  from  Tennessee,  though  some 
Florida  rock  has  been  used;  coke  comes  from  the  Birmingham 
district;   and  sand  is  available  from  local  sources. 

The  process  consists  in  charging  a  mixture  of  phosphate 
rock,  coke,  sand,  and  iron  borings  into  an  electric  furnace, 
and  smelting  the  charge  so  as  to  liberate  the  phosphorus  in 
the  phosphate  rock.  The  iron  absorbs  a  certain  portion  of 
the  phosphorus  and  forms  ferrophosphorus,  which  is  tapix»d 
from  the  furnace.  The  lime  and  sand  combine  to  form  a 
slag,  which  is  also  tapped  from  the  furnace.  The  ferro- 
pliosphorus  analyzes  from  24  to  25  per  cent  phosphorus, 
although  the  analysis  may  be  varied  depending  on  the  grade 
desired.  The  phosphorus  not  absorbed  by  the  iron  passes 
through  the  charge  together  with  the  other  furnace  gases, 
which  are  oxidized  by  air  and  drawn  out  of  the  furnace  into 
the  condensing  and  precipitating  apparatus.  The  acid  as 
collected  analyzes  from  90  to  95  per  cent  H3PO.1,  is  a  light 
brown  color,  and  has  practically  no  susijcndod  .-^oiiils.  .\ 
typical  analysis  is  as  follows: 


Per  cent 

H.PO. 

90  to  93 

Fe 

O.OB 

FePO.  +  AlPOi 

0.39 

CaO 

0.04 

SO, 

0.03 

Pb 

0.03 

As.Oj 

0.02 

F 

0,01 

The  acid  from  the  condenser  and  precipitator  is  treated 
for  the  removal  of  certain  objectionable  impurities.  Special 
provisions  must  be  made  to  prevent  acid  of  this  strength  from 
crystallizing, 

1  Addres^s  presented  before  CfCneral   Meeting   at   the  63rd  Meeting  of 
the  American  Chexical  Society,  Birmingham.  Ala.,  April  3  to  7,  1922, 
•  President,  Federal  Phosphorus  Co. 


One  of  the  outstanding  features  of  the  electric  furnace  con- 
densation and  precipitation  method  is  the  production  of 
liigh-grade  concentrated  acid  from  phosphate  rock  con- 
taining a  high  percentage  of  iron.  The  process  is  new  and 
differs  from  others  which  have  been  proposed  in  that  it  pro- 
duces directly  a  high-grade  concentrated  acid  and  ferro- 
phosphorus. Phosphate  rock  containing  a  high  percentage  of 
iron  is  not  objcction.able  to  this  process,  because  the  iron  con- 
tained in  the  rock  as  well  as  that  in  the  iron  borings  is  re- 
moved as  ferrophosphorus.  Thus,  an  acid  is  produced 
which  contains  less  iron  than  acid  produced  by  the  sulfuric 
acid  method,  even  when  the  latter  uses  a  phosphate  rock 
containing  a  very  low  percentage  of  iron. 

Purity  of  Product 

Tlie  acid  shipped  is  water-white,  complies  with  all  Inderal 
and  State  Pure  Food  Laws,  and  is  of  approximatelj'  the  fol- 
lowing analysis : 


HjPO. 

Fe 

FcPO.  +  AlPO. 

CaO 

so. 


AsjOj 


Per  cent 

'o!o5 
0.30 
0.01 
0  10 
0.009 

P.p.  m. 
8 
0.5 


Shipments  are  made  in  tank  cars,  barrels,  and  carboys. 
Tank  car  shipments  have  proved  satisfactory.  A  wooden 
tank  car  is  lined  with  a  special  wax  compound  that  does  not 
discolor  the  acid  or  affect  its  composition.  Barrels  are  also 
lined  with  this  compound. 

Purified  acid  of  this  grade  is  used  in  producing  high-grade 
salts  for  use  in  medicine.  It  is  unnecessary  to  recrystallize 
to  make  a  salt  of  exceptionally  high  purity.  For  instance, 
phosphate  of  soda  has  been  made  of  a  higher  purity  than  any 
medicinal  phosphate. 

An  acid  of  unusual  purity  can  be  prepared  by  crystal- 
lizing the  acid  from  the  condenser  and  precipitator,  A  U, 
S,  P.  90  per  cent  H3PO1  has  been  made  which,  besides 
being  suital)le  for  all  drug  and  pharmaceutical  uses,  is  also 
adapted  for  the  manufacture  of  hydrogen  peroxide.  Con- 
struction is  now  going  on  for  a  plant  to  i)roduce  high-grade 
acid  in  this  manner. 

Purified  acid  of  75  per  cent  grade  is  being  regularly  shi|)ped 
as  liquid  phosphoric  acid  and  is  being  used  in  the  manu- 
facture of  phosphoric  acid  paste  and  crude  monocalcium 
phosphate,  for  sugar  refineries;  in  trisodium  phosphate,  for 
water  softeners;  in  phosphate  of  soda,  for  textUe  uses. 
Equipment  is  being  installed  to  make  U,  S,  P.  phosphate  of 
soda,  both  anhydrous  and  crystals,  monosodium  phosphate, 
ammonium  phosphate,  and  concentrated  fertilizers. 

Application  to  Fertilizer  Industry 

To  obtain  the  maximum  value  of  the  de\'elopments  which 
have  just  been  described,  this  process  must  be  applied  to 
fertilizer  production.  The  record  of  plant  operation  at  Annis- 
ton during  the  past  three  years  clearly  indicates  that  with 
cheap  hydroelectric  power  and  proper  plant  location,  phos- 
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pliate  rock  can  lie  smelted  in  the  electric  furnace  for  the  pro- 
duction of  fertilizer  materia!  at  a  cost  comparinp  very  fa\<ir- 
ably  with  the  present  niethcids.  l\'rtilizcr  containing  ammo- 
nia, phosplioricaoid,  and  l)l)ta^ll,  lia\  ingfivc  times  tlie  amount 
of  plant  food  containetl  in  oiilinary  commercial  fertilizers, 
have  actually  been  produced  at  Anniston,  and  plans  liave  been 
projected  to  develop  larger  scale  operations. 

This  concentrated  fertilizer  will  have  the  advantage  of  a 
great  reduction  in  freights  and  a  consequent  saving  to  the 
farmer.  It  nuist  be  admitted  that  the  farmer  will  be  slow 
to  adopt  a  concentrated  fertilizer,  but  the  reduced  cost  of 


such  material  will  greatly  influence  him  to  utilize  it. 

In  fi.xing  the  ammonia  fann  either  by-product  coke-oven 
gas,  tiic  Ilaber,  or  other  processes,  phosphoric  acid  may  be 
substituted  for  sulfuric  and  in  this  manner  give  two  of  the 
three  essential  elements  of  fertilizer. 

Inasmuch  as  the  largest  consumption  of  fertilizers  is  in  the 
South  wliere  the  necessary  raw  materials,  phosphate  rock, 
coke,  ammonia,  and  electric  power,  are  all  available,  plants 
for  the  manufacture  of  concentrated  fertilizer  should  be  lo- 
cated here  and  such  prodiirts  economically  utilized  for  south- 
ern agriculture. 


Kellogg's  Samplino-  Horn 

By  James  W.  Kellogg- 

DEPARTMENT    of    .\CRICUUTl'RE,    BUREAU    OP    CHEMISTRY,    HarRISBL'RG 


Pennsylvania 


DURIXC;  the  past  fiftccni  years  several  types  of  sam- 
pling horns  have  been  used  by  the  Bureau  of  Chemistry 
of  the  Pennsylvania  Department  of  Agriculture,  for 
obtaining  official  samples  of  feedingstuffs  and  fertilizers 
for  analysis.  While  it  has  been  possible,  with  these  horns, 
to  obtain  representative  samples  of  these  materials  and  thus 
secure  results  which  were  correct  as  far  as  the  products  w'ere 
concerned,  they  were  unsatisfactory  in  certain  respects. 
They  were  too  small  or  too  great  in  diameter,  cumbersome 
to  carry,  or  difficult  to  empty  and  clean. 

From  a  study  of  the  efficiency  of  the  tyjKs  of  horns  in 
general  use  for  official  sampling  work,  it  was  concluded  that 
an  accurate  and  efficient  horn  should  be  just  long  enough  to 
reach  the  bottom  of  the  average  sack,  and  have  a  bore,  or 
inside  diameter,  of  approximately  1  in.,  and  should  be  made 
of  such  a  gage  or  thickness  of  brass  that  it  would  not  buckle 
or  twist  upon  insertion  in  sacks.  It  should  have  a  firmly 
attached  handle,  and  a  sharp-pointed,  beveled  open  end, 
with  an  opening  of  such  a  size  that  the  sample  selected 
could  be  easily  forced  out  with  a  spatula  and  the  horn  cleaned 
for  further  use.  In  order,  therefore,  to  obtain  these  features, 
and  especially  to  secure  a  compact  instrument  and  to  a\oid 
the  use  of  leather  covers,  a  sampling  horn  has  been  de- 
signed, which  has  the  features  necessary  in  the  accurate  and 
correct  sampling  of  both  feedingstuffs  and  fertilizers. 

Description 

The  new  type  of  horn,  as  will  be  noted  in  the  accompanying 
illustration,  is  in  two  sections  or  cUsjointed,  making  it  pos- 
sible for  the  operator  to  fold  the  two  sections  in  a  cloth  and 


carrj-  the  horn  complete  in  an  ordinary  sampling  or  suit  case. 
The  total  length  when  joined  is  31. .5  in.  The  disconnected 
horn  can  therefore  be  placed  in  a  sampling  case  with  a  16-in. 
insiile  diameter.  The  upper  section  has  a  4-in.  handle  se- 
curely fastened  and  the  threaded  end  is  protected  with  a 

'  Received  April  20,  1922. 
•  Chief  Chemist. 


screw  cap.  The  lower  .section  has  a  ferrule  into  which  the 
upper  section  is  screwed  when  in  use  and  the  beveled,  sharp- 
ened knife  edge  point  is  protected  with  a  .slip-on  cap.  The 
outside  diameter  is  P/ie  in.,  inside  diameter,  I'/is  in.;  thick- 
ness of  brass  tubing  used,  Vi«  in.  The  slots  or  openings, 
which  are  V2  in.  in  width,  are  designed  especially  for  remov- 
ing the  sample  with  a  spatula.  The  left-hand  edge  (upper 
edge  in  illustration)  is  also  sharpened,  which  aids  in  forcing 
the  sample  into  the  horn.  It  is  so  designed  that  when  the 
low-er  section  is  held  with  the  left  hand,  a  right-hand  turn, 
given  to  the  upper  section,  joins  both.  When  the  horn  is 
inserted  in  the  sack  the  same  right-hand  turn  is  given, 
forcing  the  horn  to  the  bottom  of  the  sack.  This  operation 
at  the  same  time  forces  the  sample  into  the  horn  by  means 
of  the  sharpened  end  or  point  and  left-hand  edges  of  the 
openings.  This  design  has  given  very  satisfactory  results 
and  overcomes  the  objectionable  features  of  other  types  in 
general  use. 


Review  of  Scientific  Instruments 

-•^s  announced  in  our  Januar>-  issue  (page  S-5i,  the  Journal  nf 
the  Optical  Society  and  Review  of  Scientific  Instruments  has  begun 
publishing  original  articles  and  abstracts  on  scientific  instruments 
of  all  kinds,  electrical,  mechanical,  thermal,  etc.,  for  research, 
instruction,  professional,  and  industrial  work  in  all  branches  of 
science. 

In  order  that  this  new  department  may  grow  as  rapidly  as 
possible  it  is  desirable  that  any  one  who  has  apparatus  to  describe 
should  submit  it  to  that  Journal  for  publication.  The  Editor- 
in-Chief  is  Mr.  Paul  D.  Foote,  Bureau  of  Standards,  Washington, 
D.  C. 


International  Congress  on  Liquid  Fuels 

The  Societe  de  Chimie  IndustrieUe  of  France  is  organizing  an 
International  Congress  on  Licpiid  Fuels,  to  be  held  in  Paris  in 
October.  This  is  being  done  in  accordance  with  a  desire  ex- 
pressed by  the  Hydrocarbons  and  Petroleum  Section  of  the 
International  Chemical  Conference  held  in  June  of  last  year. 

The  two  principal  questions  to  be  covered  are  the  terminology 
of  petroleum  products  and  analytical  methods.  Sectional  meet- 
ings will  also  be  held  under  the  headings:  petroleum,  oil  shales, 
tar  and  benzene,  and  alcohols.  An  e.xposition  will  be  held  in 
connection  with  the  Congress. 

It  is  hoped  that  .American  fuel  technologists  will  be  adequately 
represented,  in  view  of  the  extremely  important  position  held 
by  this  country  in  that  field. 

Communications  and  requests  for  further  information  should 
be  addressed  to  the  Secretaire  General,  Mr.  Jean  Gerard,  49 
Rue  des  Mathurins,  Paris,  France,  and  may  be  written  in  English. 
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Determination  of  Free  Chlorine  and  Hypochlorous  Acid  in 
Concentrated  Salt  Solutions' 


By  M.  C.  Taylor  and  C.  A.  Gammal 

The  Mathieson  Alkali  Works,  Inc.,  Niagara  F.\lls,  N.  Y. 


The  determination  of  free  chlorine  and  hypochlorous  acid  in  con- 
centrated salt  solutions  which  may  contain  either  sodium  hypo- 
chlorite or  hydrochloric  acid  is  comparatively  easy  if  a  physical 
method  can  he  devised  for  obtaining  the  free  chlorine.  For  this 
purpose  an  aeration  process  is  usually  employed,  in  which  all  the 
free  chlorine  driven  out  is  assumed  to  have  been  originally  present 
as  such.  However,  in  the  case  of  brines  containing  appreciable 
amounts  of  hypochlorous  acid,  the  chlorine  obtained  from  the  de- 
composition of  this  unstable  acid  during  the  course  of  the  aeration 
makes  it  impossible  to  obtain  even  approximately  accurate  results. 

In  this  paper  it  has  been  shown  that  the  rate  of  removal  of  chlorine 
during  aeration  is  approximately  a  linear  function  of  the  free  chlorine 
content  as  long  as  any  of  that  originally  present  as  such  still  remains 
in  the  aeration  vessel.  After  this  point  the  rate  of  removal  varies 
with  the  square  of  the  hypochlorous  acid  present.  Therefore  the 
graph  obtained  by  plotting  the  data  on  rate  of  chlorine  removal  will 
consist  of  two  radically  different  sections,  thus  making  it  possible  to 
obtain  graphically  an  accurate  estimate  of  the  amount  of  chlorine 
originally  present  in  the  brine. 

Details  for  the  determination  of  hypochlorous  acid  and  hydro- 
chloric acid  or  sodium  hypochlorite  have  also  been  given. 

IX  connection  with  a  resoarch  problem  involvini;  the 
electrolysis  of  sodium  chloride,  it  became  necessary  to 
determine  small  amounts  of  hypochlorous  acid  and 
free  chlorine  in  concentrated  salt  solutions  which  might  con- 
tain either  sodium  hypochlorite  or  free  hydrochloric  acid. 

De  Mailman-  outlines  a  method  in  which  the  free  chlorine 
is  determined  by  aeration  of  a  50-  to  100-ce.  sample  for  5  min. 
However,  no  correction  is  made  for  the  amount  of  free  chlorine 
formed  during  the  aeration  ])rocess  by  the  decomposition  of 
hypochlorous  acid,  thus: 

2HOC1  +  NaCl  ;=;  NaOCl  -(-  Ch  -h  H.O 
Although  the  free  chlorine  formed  in  this  way  can  probably 
be  neglected  when  working  with  dilute  salt  solutions,  the 
writers  have  found,  as  the  above  reaction  would  lead  them  to 
expect,  that  it  can  by  no  means  be  neglected  when  working 
with  saturated  .solutions. 

Clark  and  Iseley'  give  a  method  for  determining  free 
chlorine,  hypochlorous  acid  and  hydrochloric  acid  in  chlo- 
rinated water  which  involves  a  titration  of  acidity  with  an 
organic  indicator.  Rut  they  themselves  state  that  such  :i 
titration  gives  results  that  are  inexact  and  difficult  to  dui)li- 
oate.  They  also  employ  an  aeration  method  for  estimating 
free  chlorine,  in  which  they  apparently  correct  for  tlie  hy- 
piichlorous  acid  decomposed  by  use  of  their  inaccurate  acid 
titration. 

In  the  work  rei)orted  herewith,  the  writers  have  developed 
a  method  which  is  a  modification  of  the  de  Mailman  jiroce- 
dure,  in  which  they  arc  able  to  correct  accurately  for  the 
appreciable  decomposition  of  hypochlorous  acid  occurring 
during  the  aeration  of  concentrated  brine.  Essentially  the 
method  involves  three  steps: 

1 — Determination  of  the  "available"  (free  chlorine  and  chlorine 
as  HOCl  and  NaOCl)  chlorine  in  the  sample  with  potassium 
iodide  and  thiosulfate,  using  a  known  excess  of  standard  acid. 


2 — Determination  of  the  excess  acid  remaining  after  the  thio- 
sulfate titration  by  titrating  the  iodine  liberated  from  Kjeldahl's 
solution  (a  mixture  of  potassium  iodate  and  iodide). 

.3 — An  aeration  step  in  which  the  rate  of  washing  over  of  free 
chlorine  is  accurately  measured. 

Ch.\nges  Occurring  during  Aer.\tion 

The  probable  nature  of  the  changes  occurring  during  the 
aeration  process  is  suggested  by  the  following  reactions: 
For  brines  containing  free  hydrochloric  acid: 

HOCI  — >■  HCl  -1-  O  (1) 

HOCI  -I-  HCl  — >■  CI2  -h  H2O  (2) 

For  brines  containing  sodium  hypochlorite: 


NaOCl 

2HOC1  -I-  NaCl 

SNaOCl  — 


->  NaCl  -I-  O  (3) 

->-  NaOCl  -t-  CI2  -I-  H2O         (4) 

NaClOs  -f  2NaCI  (5) 


'  Received  April  I'.-i,  IB22. 
•Com^/.  rend.,  168  (1919),  1114. 
•  This  Journal.  It  (1920),  1119. 


Having  the  methods  of  analysis  outlined  above  in  mind,  it  is 
evident  that  the  occurrence  of  Reactions  1,  3,  and  5  will  cause 
a  loss  in  total  "available"  chlorine  and  an  equivalent  gain  in 
hydrochloric  acid  or  loss  of  sodium  hypochlorite.  Further- 
more, the  occurrence  of  Reactions  2  and  4  will  cause  a  change 
neither  in  "available"  chlorine  nor  in  acidity.  In  other  words, 
the  loss  in  "available"  chlorine  during  aeration,  expressed  in 
cubic  centimeters  of  thiosulfate,  must  always  be  equivalent 
to  the  increase  in  acidity  expressed  in  the  same  manner, 
regardless  of  which  of  the  above  decompositions  occur.  The 
results  show  that  this  is  the  case  within  experimental  error. 
This  fact,  together  with  other  observations  to  l)e  mentioned 
later,  is  taken  to  indicate  that  Reactions  2  and  4  are  the  only 
chlorine-producing  reactions  with  which  we  have  to  deal. 

The  problem  is,  then,  simply  to  determine  the  extent  of 
Reaction  2  in  acid  brines,  and  of  Reaction  4  in  alkaline  brines. 
This  is  done  by  a  proper  interi)retation  of  the  data  on  aeration. 

Interpretation  of  Aer.\tion  Data 

The  aeration  process  results  in  two  actions: 

1 — Removal  of  the  free  chlorine  originally  present  in  the  brine 
as  such. 

2 — The  rcmo\-al  of  free  chlorine  formed  by  the  decomposition 
of  hypochlorous  acid  during  or  subseciuent  to  the  washing  out  of 
the  original  free  chlorine. 

If  approximate  values  for  the  rate  of  washing  out  of  chlorine 
at  different  stages  in  the  aeration  process  are  obtained  by 
divitling  the  chlorine  coming  over  during  any  period  by  the 
time  and  iilotting  the.se  values  as  ordinates  against  the  total 
chlorine  washed  over  at  the  middle  of  that  particular  period 
as  abscissae,  two  distinct  curves  result,  as  shown  in  Fig.  1. 
In  the  method  herein  described,  the  absci.ssa  at  the  intersec- 
tion of  these  two  curves  has  been  taken  to  be  the  free  chlorine 
originally  present  as  such.  In  order  to  justify  this  procedure 
the  results  obtained  by  its  use,  together  with  the  aeration 
data,  have  been  treated  mathematically  according  to  the 
I>rediction  of  theorj',  as  set  forth  in  the  following  paragraphs. 
In  the  case  of  an  "alkaline"  brine  where  the  only  chlorine- 
producing  reaction  is  represented  by  Reaction  4,  we  must 
regard  the  decom])osing  action  as  reversible  as  long  as  any 
free  chlorine  remains  in  the  brine.  However,  when  prac- 
tically all  the  free  chlorine  has  been  removed  by  aeration, 
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wc  may  consklpr  the  dei'oiiiposilion  jis  psscntiully  irrovcrsihic. 
siiico  tlic  rate  <if  removal  of  ehloriiie  is  very  rapid  as  conipanMl 
to  its  rate  of  formation.     Dinins  the  latter  part  of  tlie  acra- 
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tion  tlie  removal  of  chlorine  sliould  proceed  accordins  to  a 
himolecular  law,  since  in  a  concentrated  brine  the  change  in 
concentration  of  the  sodium  cliloride  can  be  neglected.  For 
the  rate  of  removal  of  free  chlorine  near  the  end  of  aeration, 
then,  we  may  write: 


rf.r 

57  =  ^'  ^" 


.v)  = 


(I) 


where  x  is  the  chlorine  washed  over  in  (  minutes,  and  a  is  the 
hypochlorous  acid  present  at  some  time  after  the  greater 
part  of  the  original  free  chlorine  has  been  removed.  By 
assuming  free  chlorine  absent  at  the  close  of  aeration,  making 
titrations  similar  to  those  outlined  under  (1)  and  (2)  above 
on  the  brine  remaining  in  the  aeration  vessel,  we  can  deter- 
mine the  hypochlorous  acid  at  the  end.  From  this  we  can 
t-alculate  the  hypochlorous  acid  present  at  any  time  prior 
to  the  close  of  aeration  and  so  evaluate  a.  Substitution  in 
the  integrated  form  of  Eciuation  I  will  give  the  values  for 
"K  bimolecular,"  tabulated  in  the  two  experiments  of  Table 
I.  Comparison  of  the  unimolecular  K  values  obtained  by 
substitution  in  the  well-known  imimolecular  expression 
1  a 

•with  the  bimolecular  constants  can  leave  no  doubt  that  the 
action  is  essentiallv  bimolecular. 


Ta 

BLE  I — Calculation  of  Const 

\NTS 

Time 

frora 

=i  Total  CI 

-Calculation 

Start 

Washed  over 

i 

a 

a  —  x 

K 

K 

Min. 

Cc. 

Min. 

Cc.NaiSiOi 

Cc.  Nai&Oj 

Unimol. 

Bimol. 

Analysis  4  (.se 

Table  II) 

59 

166.1 

?n 

56.8 

47.9 

0.0085 

0.000164 

89 

175.7 

.iO 

56.8 

38.3 

0.0079 

0.000170 

119 

182.1 

80 

56.8 

31.9 

0.0072 

0.000172 

140 

185.7 

101 

56.8 

28.3 

0.0069 

0.000175 

155 

187.3 

116 

56.8 

26.7 

0.0065 

0.000171 

170 

189.1 

131 

56.8 

24  9 

0.0063 

0.000172 

185 

189. 8 

146 

56.8 

24.2 

0.0058 

0  000163 

Analysis  7  (.se 

'  Table  II) 

112 

512.5 

60 

399  4 

296.5 

0.0050 

0.0000145 

127 

528.6 

75 

399  4 

280.4 

0.0047 

0.0000142 

142 

545.6 

90 

399.4 

263   4 

0.0046 

0.0000144 

l,i7 

559.7 

105 

399  4 

249.3 

0.0045 

0,0000144 

172 

571.8 

120 

399.4 

237.2 

0.0043 

0.0000142 

187 

583.0 

135 

399.4 

226.0 

0.0042 

0.0000142 

During  the  first  part  of  the  aeration  the  rate  of  removal  of 
free  clilorine  would  be  proportional  to  the  amount  present. 
If  this  amount  was  not  being  altered  by  formation  of  free 
chlorine  from  hypochlorous  acid  the  rate  could  be  represented 
thus: 


^  =  K=  (6  -  y) 
dt 


(ID 


where  y  is  the  clilorine  washed  over  in  t  minutes  and  6  is  the 
amount  originally  present.  However,  since  chlorine  is 
being  formed  from  hypochlorous  acid,  the  ob.served  value 
will  not  coincide  with  such  a  linear  relation  as  K(|uation  II. 
If  the  brine  be  considered  practically  at  ('(luilibriiim  at  the 
start  of  aeration  tlu;  chloriiK."  formed  from  hypor'hlorous  acid, 
that  is,  the  ohhjrine  produced  by  the  forward  Reaction 
4,  minus  that  consumed  by  its  reverse,  will  lje  very  small 
until  the  free  chlorine  jiresent  has  been  reduced  to  a  small 
amount  by  the  aeration  [irocess.  The  chlorine  formed  from 
hypochlorous  acid  will  be  at  a  maximum  at  the  intersection 
l)oiiit  of  the  two  curves.  Owing  to  the  difficulties  in  obtain- 
ing these  small  corrections  for  formation  of  free  chlorine,  the 
K  values  of  Equation  II  have  not  been  given.  However, 
from  Fig.  1  it  maj'  be  seen  that  the  unmrrected  observed 
values  lie  nearly  in  a  straight  line.  It  should  be  noted  here 
that  the  value  for  the  free  chlorine  originally  present,  obtained 
by  the  graphical  method  iHcil,  is  not  affected  by  the  free  chlo 
rine  which  may  have  been  formed  from  hyjjochlorous  acid 
Iirior  to  the  intersection  point  of  the  two  curves. 

An  interpretation  of  aeration  data  similar  to  the  above  can 
be  applied  also  in  the  case  of  acid  brines  where  the  chlorine- 
jjroducing  reaction  is  represented  by  Reaction  2. 

The  above  considerations  demonstrate  the  change  in  the 
character  of  the  action  which  occurs  "when  free  chlorine 
originally  present  as  such  has  all  been  removed,  and  thus 
justify  the  graphical  methods  used  throughout  this  work. 

App.'^r.a.tus  and  Det.\ils  of  the  Method 

The  apparatus  consists  simply  of  a  flowmeter  for  maintain- 
ing a  steady  flow  of  air,  connected  to  a  series  of  gas  washing 
bottles.  The  first  washer  contains  caustic  for  removing 
carbon  dioxide;  the  second  contains  the  brine  being  analyzed; 
the  third  and  fourth  contain  potassium  iodide  for  absorp- 
tion of  chlorine  and  are  both  attached  to  a  2-way  stopcock 
in  such  a  way  that  the  efHuent  air  from  the  aeration  bottle 
can  be  made  to  pass  first  through  one  and  then  the  other, 
thus  making  it  possible  to  determine  the  rate  of  washing  over 
of  chlorine  accurately  without  altering  the  speed  of  aeration. 

Large  experimental  errors  \\\Vl  be  made  unless  care  is  taken 
in  sampling.  In  the  method  used  and  recommended,  a  siphon 
was  placed  in  the  bottle  of  brine  to  be  analyzed  (the  siphon 
reaching  to  within  2  in.  of  the  bottom  of  the  bottle)  and  about 
50  cc.  of  solution  were  drawTi  off  to  make  sure  that  no  free 
chlorine  was  trapped  in  the  siphon.  Fifty  cc.  of  standard 
(0.02  A^)  sulfuric  acid  and  50  cc.  of  neutral  potassium  iodide 
(10  per  cent  solution)  were  measured  into  two  200-cc.  volu- 
metric flasks.  Samples  of  the  brine  to  be  analyzed  were 
drawii — the  first  into  one  of  the  volumetric  flasks,  another 
into  the  aeration  flask  (200-ce.  sample),  and  the  third  into  the 
other  volumetric  flask.  In  filling  the  volumetric  flasks  the 
mouth  of  the  siphon  was  kept  under  the  surface  of  the  potas- 
sium iodide  and  acid  mixture  so  as  to  prevent  loss  of  free 
clilorine. 

The  duplicate  samples  in  the  volumetric  flasks  were  titrated 
with  thiosulfate  to  the  end-point;  then  50  cc.  of  Kjeldahl's 
solution  (5  g.  potassium  iodate  and  30  g.  potassium  iodide  in 
1  liter  of  solution)  were  added  and  the  liberated  iodine  ti- 
trated with  thiosulfate.  As  carbon  dioxide  reacts  quantita- 
tively with  Kjeldahl's  solution,  the  titration  should  be  done 
in  Erlenmeyer  flasks  as  rapidly  and  with  as  little  shaking  as 
possible.  The  other  sample  was  aerated,  the  chlorine  being 
trapped  in  first  one  wash  bottle  and  then  the  other,  and  ti- 
trated with  thiosulfate.  The  length  of  time  of  aeration  de- 
pended on  the  nature  of  the  brme.  The  potassium  iodide 
used  for  chlorine  absorption  was  made  slightly  acid  with 
0.02  A'  sulfuric  acid  at  time  of  using.  At  the  end  of  the 
aeration  samples  of  the  brine  were  taken  in  200-cc.  flasks 
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containing  potassium  iodide  and  acid  in  the  same  amounts 
as  before  aeration  and  the  same  titrations  made. 

Calculation  of  Results 

A  determination  made  by  use  of  the  principles  outlined 
above  wU  involve  the  observation  of  data  which  vre  may 
symboUze  as  follows: 


Let 


0.0355 
b 


^rr  =  Cc.    N  NajSaOa   equivalent   to   total 
chlorine  in  original  sample. 


'available" 


=  Cc.  N  NajSjOs  equivalent  to  free  chlorine  washed 

U.VO,J.J  Q.^.g^ 

=  Cc.  .Y  Xae&Oj  equivalent  to  "available"  chlorine 
O.O.ioo       in  sample  at  end  of  aeration. 

^rz  =  Co.  N  Na^SjOj  equivalent  to  the  acid  used  up  in 

0.0355        initial  iodate  titration. 

^-^rz  —  Cc.  A'  NaiSjOs  equivalent  to  the  acid  used  up  in 

0.0355       tije  iodate  titration  made  after  aeration. 

,  =  Cc.  X  NajSiOj  equivalent  to  the  chlorine  formed 
U.U.3.J.)  during  aeration  process  and  washed  over.  This 
/  corresponds  to  the  free  chlorine  obtained  after 
the  intersection  of  the  two  curs-es  in  Fig.  1 .  These 
curves  are  obtained  for  each  analysis  by  plotting 
the  aeration  data  as  e.xplained  above. 

Also  let  .V   =  Grams  of  chlorine  present  in  original  brine  as  free 
chlorine. 

y   =  Grams  of  chlorine  present  in  original  brine  as  hypo- 
chlorous  acid. 

z   =  Grams  of  chlorine  present  in  original  brine  as  so- 
dium hypochlorite. 

K   =  Grams  of  chlorine  present  in  original  brine  as  hydro- 
chloric acid. 

It  is  assumed  that  hydrochloric  acid  and  sodium  hypo- 
chlorite cannot  be  present  simultaneously  in  a  brine.  Keep- 
ing in  mind  the  methods  of  analysis  used  it  is  evident  that 
the  following  relations  liold: 

1 — For  alkaline  brines,  i.  e.,  those  containing  sodium  hypo- 
chlorite. 

x  =  b-f  (1) 

X  +  2y  +  2z  =  a  (2) 

y  +  2z  =  d    ■  (3) 

Solving  these  equations  we  find 
X  =  b  -  f 
y=a+f-d-b 
z  =  W,i2d  -  a  +  b  -f) 

2 — For  acid  brines,  i.  e.,  those    containing  hydrochloric    acid. 
X  =  b  -f  (4) 

X  +  2y  =  a  (5) 

y  -  11  =  d  (6) 

Solving  these  equations  we  find 
X  =  b  -f 

y  =  'A  (a  -  b  +  f) 

u  =  'Uia  -2d-  b+f) 

As  mentioned  above,  the  loss  of  available  chlorine  during 
aeration  must  always  be  etiual  to  the  increase  in  acidity. 
Therefore : 

a  —  b  —  c  =  d  —  e 
Substituting  these  values  for  the  knowns  in  flic  above  equa- 
tions, we  obtain 

1 — For  alkaline  brines. 

x  =  a  —  c  —  d-\-e— f 
y  =  f  -  e  +  c 

s  =  \'2  (d  +  e  -  c  -  f) 


2 — For  acid  brines. 

x  =  a  —  c  —  d  +  e—  f 
y  =  '..'2  (d  -  e  +  c  +f) 
ti  =  \',(c-d-e+f) 

Thus,  we  have  two  methods  of  calculation,  according  as  we 
do  or  do  not  use  the  b  value.  As  this  value  is  the  sum  of  a 
large  number  of  titrations,  the  experimental  error  is  probably 
great  and  the  \\Titers  prefer  not  to  use  it.  It  is  thought  that 
the  accuracy  of  the  experimental  data  can  be  judged  by 
obser\-ing  how  closely  the  "d  —  e."  value  agrees  with  the 
"a  —  b  —  c'  value. 

Results  Obt.u.xed  and  Accuracy  of  Method 

Results  typical  of  those  obtained  by  the  method  described 
herein  are  given  in  Table  II.  The  agreement  between  the 
"a  —  b  —  c"  and  the  "d  —  e"  values  is  satisfactory  in  nearly 
all  cases.  Also  it  should  be  noted  that  it  is  possible  to  ob- 
tain cheeking  results  in  two  altogether  independent  analyses 
on  the  same  brine. 

Table  II 


d  -  e 

Co 

MPOSITUJ 

N  Grams/Lite 

R . 

•,c.  NaiSiOj 

HCl 

HOCl 

NaOCl 

Cli 

33.4 

0.214 

0.048 

0.306 

29.0 

0.206 

0.054 

0.312 

13.2 

oiooo 

0.137 

0.578 

20.4 

0.014 

0.149 

0.582 

O.I 

0.194 

O^OOl 

0.502 

0.5 

o'.bod 

0.203 

0.496 

17.6 

0.179 

o!634 

0.262 

4.3 

0.008 

0.010 

0.036 

19.0 

0.187 

0.054 

0.400 

214.5 

1.490 

0.139 

0.385 

14.5 

0.228 

0.009 

0.507 

27.1 

0  314 

0.013 

0.830 

S.4 

0  387 

0.036 

0.338 

8.5 

0.238 

0.028 

0.310 

'  The  a  and  6  analyses  are  duplicates  on  the  same  brine. 

A  value  for  (x  +  y)  was  obtained  by  altogether  different 
chemical  reactions  than  were  employed  above,  as  follows: 
A  100-cc.  sample  of  the  brine  was  treated  with  a  known  excess 
of  sodium  hydroxide,  thus  converting  all  "available"  chlorine 
eventually  to  hypoclilorite,  according  to  the  reactions 

Cl2  -f  2XaOH  — >-  NaOCl  -f  NaCl  -|-  HjO 
HOCl  +  NaOH  — *-  NaOCl  +  H2O 

The  .sodium  hypochlorite  was  destroyed  with  hydrogen  per- 
oxide, the  excess  peroxide  destroyed  by  boiling,  and  the 
residual  alkali  titrated.  The  alkali  used  up  can  be  calculated. 
Let  this  be  represented  bj^  g.  Then,  using  the  same  symbols 
employed  above,  for  alkaline  brines, 

X  +  y  =  g 
and  for  acid  brines 

X  +  y  +  u  =  g. 

Now  these  relations  of  the  unknowns  can  be  obtained  by  sub- 
tracting Equations  2  and  .3  above  for  alkaline  brines,  giving 

X  +  y  =  a  —  d 
and  for  acid  brinot;,  by  subtracting  (5)  and  (fi),  gi\nng 

x-\-y  +  u  =  a  —  d. 
Thus,  in  any  case 

a  -  d  =  g. 

The  results  for  three  analj'ses  are  given  in  Table  III. 
agreement  is  satisfactory,  within  experimental  error. 

Tadi.e  III 
Analysis 


The 


In  order  to  determine  whether  or  not  hypochlorous  acid 
was  washed  over  as  such  during  the  aeration  i)rocess,  the 
potassium  iodide  used  to  absorb  the  chlorine  wa-;  tested  for 


296.6 

295.2 

425.8 

423.5 

785.4 

788.0 
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alkiili  after  titrating  the  libented  iodine.  The  amount  of 
alkah  found  was  practically  ((iiial  to  the  amount  of  alkali 
ori};inally  present  in  the  p(itas>iuin  iodide.  Even  if  air  he 
l)assed  throU(j;h  a  solution  uf  iiypochlorous  acid,  made  ijy 
distilling  a  chlorinated  soda-asii  solution,  the  amount  (jf 
alkah  found  is  not  increased  appreciably  above  the  blank. 
The  authors  conclude  that  hypochlorous  acid  cannot  be 
wjushed  over  as  such.  Howev'er,  if  the  potas-sjuni  iodide  is 
alkaline  the  figure  obtained  for  free  chlorine  will  be  low,  due 


to  the  formation  of  hypochlorite  or  hypoiodite.  Therefore 
the  solution  of  potassium  iodide  em|)loyed  for  chlorine 
absorption  was  made  neutral  or  acid  with  sulfuric  acid  when 
used. 
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Benzene  as  a  Motor  Fuel' 

By  J.  J.  Lawton 

SvRAcusK.  New  York 


THE  demand  for  motor  fuel  is  rapidly  increasing  from  year 
to  year,  not  only  are  the  world  petroleum  fields  becoming 
gradually  exhausted,  liut  we  also  have,  in  the  opinion 
of  eminent  geologists,  to  look  forward  to  the  time  when  naturally 
occurring  motor  spirit  will  either  be  nonexistent  or,  at  best,  so 
expensive  in  production  as  to  prohibit  its  practical  use.  In 
the  year  of  1919  the  world's  consumption  of  crude  petroleum 
equaled  558,692,519  bbls.,  of  which  the  United  States  con- 
sumed  377,719,000   bbls. 

It  has  been  proved  beyond  the  slightest  doubt  that  benzene 
is  an  excellent  fuel  for  the  internal  combustion  motor.  As 
long  ago  as  1907  attention  was  called  by  the  Motor  Union  to  the 
use  of  benzene  as  a  motor  fuel.  Those  were  the  days  when  petrol 
was  a  vastly  superior  fuel  to  that  at  present  obtainable,  which  is 
a  much  heavier  spirit  owing  to  the  inclusion  in  it  of  a  larger 
proportion  of  the  higher  boiling  fractions  of  the  crude  petroleum. 
"On  the  other  hand,  cars  and  engines  have  greatly  improved  in 
design  since  1907.  Many  of  these  improvements,  and  particu- 
larly the  almost  universal  substitution  of  the  spray  carburetor 
for  that  of  the  evaporative  type,  facilitate  the  use  of  a  much  more 
varying  class  of  fuel  in  the  same  engine,  with  little  or  no  adjust- 
ment." In  fact  it  may  truly  be  said  that  any  modern  and  efficient 
petrol  engine  wiU  consume  benzene  quite  as  efficiently,  the  change 
being  made  practically  without  trouble  or  expense. 

Sir  Dugald  Clark,  an  authority  on  this  subject,  gives  the 
requirements  of  a  suitable  motor  fuel  as  follows: 

E.^sv  STARTING  FROM  COLD — The  ease  of  starting  depends  on 
the  volatility  and  vapor  pressure  of  the  fuel,  and  it  may  be  stated 
here  that  although  benzene  is  far  less  volatile  than  gasoline  of 
six  to  eight  years  ago,  the  advantage  which  gasoUne  had  over 
benzene  is  questionable  to-day. 

.\BSE.VCE  OF  OBjECTio.v.\BLE  ODOR,  both  in  the  fuel  itself  and 
in  the  exhaust  products.  The  odor  of  motor  benzene  is  certainly 
no  more  unpleasant  that  that  of  petrol  or  gasoline.  The  pre- 
vention of  an  offensive  exhaust  depends  on  the  completeness 
of  combustion,  and  the  sulfur  content  of  the  fuel. 

NO  LIABILITY  TO  FORM  DEPOSITS  in  the  Cylinders  and  valve 
passages.  The  author's  experience  tested  a  so-called  good  gaso- 
line for  residue  and  found  0.075  per  cent  compared  to  0.027 
per  cent  for  motor  benzene. 

ECONOMICAL  CONSL-MPTION — Here  is  the  point  of  most  impor- 
tance to  the  average  motorist.  MX  the  above  qualities  nrust 
be  met  by  any  manufacturer  or  distributor  in  the  form  of  good 
will  or  reputation,  but  the  big  question — How  much  will  it  save 
the  public?  How  much  will  it  save  me?  Benzene  here  has  a 
decided  advantage,  as  one  would  expect  from  a  consideration  of 
the  relative  calorific  values: 

C.\i.oRipic  Value  of  Motor  Fuels  (Brame) 

. Cal<.r;fic  Value . 

FcEL  Sp.  Gr.  15.o°C.  B.t.u.perLb.   B.t.u.perGal. 

Gasoline  (Pre-war)  0.680-0.79  1S,450  132,300 

Benzene    (     90's    )  0.SS3  17,100  130,000       ■ 


"The  motorist  thinks  of  fuel  in  terms  of  gallons,  not  of  pounds, 
and  from  his  point  of  view  the  calorific  value  of  benzene  is  ap- 
proximately 13  per  cent  higher  than  that  of  petrol  or  gasoline. 
When  benzene  is  used  in  an  engine  not  only  is  more  power  avail- 
able, but  the  thermal  efficiency  of  the  engine  is  usually  found  to 
have  increased."  The  practical  standard  is  mileage  per  gallon, 
and,  given  a  suitable  mixture,  benzene  is  far  superior  to  petrol 
in  this  respect.  The  high  mileage  figures  obtained  by  the  Auto- 
mobile -Association  and  the  Royal  Automobile  Club  are  evidence 
of  this,  and  may  be  supplemented  by  a  number  of  authoritative 
trials,  the  results  of  which  have  been  published  during  the  past 
ten  years.  The  average  of  such  tests  made  by  different  obser- 
vers on  difTerent  types  of  cars,  gives  an  increase  of  22.7  per  cent 
in  miles  per  gallon.  These  tests  were  all  taken  without  altera- 
tion to  the  compression  ratio  of  the  engine;  but  owing  to  the 
temperature  of  spontaneous  ignition  of  benzene  being  higher 
than  that  of  petrol,  the  compression,  which  is  usually  70  to  75  lbs. 
per  sq.  in.  in  a  petrol  engine,  may  safely  be  increased  to  150  lbs. 
in  the  case  of  benzene — with  obvious  further  economy. 

"The  rate  of  propagation  of  the  flame  when  using  benzene  is 
less  than  that  in  a  petrol-air  mixture.  There  is,  in  consequence, 
a  marked  reduction  of  any  tendency  to  'knock'  under  heax-y 
loads,  and  ignition  may  be  advanced  to  a  greater  extent  with  a 
view  to  eliminating  this  knock  and  its  serious  effects  on  the 
engine." 

The  reason  why  more  mileage  can  be  obtained  from  a  gallon 
of  motor  benzene  than  from  straight  gasoline  is  that  benzene 
permits  the  use  of  a  leaner  mixture.  All  aromatic  compounds 
contain  a  higher  percentage  of  carbon  than  the  corresponding 
saturated  hydrocarbon  so  that  more  air  can  and  should  be  used 
in  burning  them. 

In  some  cars  carbon  forms  more  readily;  therefore,  more  heat 
is  produced.  If  proper  care  is  exercised  to  make  sure  the  fuel 
has  sufficient  air  to  burn  it,  very  little  carbon  wiU  form.  This 
is  true  of  all  motor  fuels,  particularly  motor  benzene.  Remem- 
ber your  engines  are  not  supposed  to  run  perpetually  without 
going  over  them.  See  if  your  carburetor  is  adjusted  properly 
before  you  condemn  a  fuel.  Benzene  has  not  only  been  proved 
to  be  the  best  fuel  fos  an  internal  combustion  engine  by  all 
scientific  men  of  the  world,  but  it  actually  demonstrates  the 
fact. 


A  Request  for  Journals 


'  Received  March  6.  19i2 


The  "American  Medical  Aid  for  Russia,"  with  headquarters 
at  103  Park  .\ve..  New  York  City,  desires  to  secure  three  copies 
of  important  scientific  publications  issued  in  this  country  since 
1914.  They  are  intended  for  use  at  the  University  of  Petrograd. 
University  of  Moscow,  and  Moscow  Academy  of  Sciences. 

Anyone  who  is  willing  to  contribute  copies  of  the  Societv's 
journals  from  1914  to  the  present  date  should  communicate 
with  the  organization  at  the  above  address. 
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Recovery  of  Platinum  from  Used  Contact  Mass  at  the  Old 

Hickory  Powder  Plant" 


By  A.  L.  Kibler 

3306  Piedmont  .^ve.,  Baltimore,  Marylan 


IN  July  1920  there  appeared  an  interesting  account^  of  the  scien- 
tific detective  methods  which  were  employed  in  bringing  to 
light  the  theft  of  approximately  2300  oz.  of  platinum  from 
the  War  Department.  It  will  be  remembered  that  the  stolen 
platinum  represented  the  platinum  which  was  present  at  the 
Old  Hickory  Plant  at  the  time  of  the  Armistice  in  the  form  of 
platinic  chloride  solution  from  which  the  metal  had  been  recov- 
ered by  a  simple  evaporation  to  dryness  and  an  ignition, 
either  in  the  form  of  platinic  chloride  or  ammonium  chloro- 
platinate.  It  is  perhaps  not  so  generally  known  that  this 
platinum  constituted  only  a  comparatively  small  part  of  the 
total  platinum  accumulated  by  the  War  Department,  by  far 
the  larger  part  of  which  was  in  the  form  of  contact  mass 
designed  for  use  in  the  manufacture  of  sulfuric  acid.  An 
account  of  the  recovery  of  the  valuable  metal  from  the  immense 
quantities  of  contact  mass  which  the  cessation  of  the  war  left 
in  the  hands  of  the  War  Department  would  appear  to  be  of 
interest  to  the  chemical  world. 

The  Old  Hickory  Powder  Plant,  the  world's  largest  smokeless 
powder  plant,  was  designed  to  manufacture  a  million  pounds  of 
smokeless  powder  a  day,  starting  from  the  ultimate  raw  materials 
• — raw  cotton,  sodium  nitrate,  sulfur,  alcohol,  and  benzene.  In 
addition  to  the  powder  plant,  as  such,  there  were  therefore 
plants  for  the  purification  of  raw  cotton,  and  for  the  manufacture 
of  nitric  acid,  sulfuric  acid,  ether,  and  diphenylamine.  Each 
of  these  plants  was  laid  out  on  a  vast  scale.  The  sulfuric  acid, 
with  which  we  are  particularly  concerned  in  connection  with  the 
subject  of  this  article,  was  supplied  by  thirty  complete  sulfuric 
acid  plants  of  the  largest  proportions,  arranged  in  the  form  of 
fifteen  twin  sulfuric  acid  lines.  For  each  plant  there  were  four 
"converters"  for  the  catalytic  oxidation  of  .sulfur  dioxide  to  sulfur 
trioxide,  each  converter  containing  approximately  4000  lbs. 
of  contact  mass,  arranged  on  five  circular  screens  or  shelves  of 
heavy  iron  wire.  The  two  lower  screens  held  contact  mass  of 
0.15  per  cent  platinum  content:  the  next  two  screens  held  contact 
mass  containing  0.20  per  cent  of  platinum,  while  the  upper  screen 
held  contact  mass  containing  0.30  per  cent  of  platinum. 
Each  sulfuric  acid  plant  contained,  therefore,  approximately 
16,000  lbs.  of  contact  mass  containing  approximately  32 
avoirdupois  pounds  of  platinum  or  466.5  troy  ounces.  The 
thirty  plants  would  therefore  contain  approximately  14,000  oz. 
of  platinum.  I'ivc  of  these  plants,  however,  had  not  been 
supplied  with  contact  mass  at  the  time  of  the  Armistice. 
The  platinum  for  the  manufacture  of  the  contact  mass  for 
these  plants  was  on  the  premises  in  the  form  of  platinic  chloride 
and  it  was  the  platinum  from  this  material — or  the  larger  part 
of  it — the  theft  of  which  was  reported  in  the  article  above 
referred  to. 

In  addition  to  the  400,885  lbs.  of  contact  mass  contained  in 
the  sulfuric  acid  plants  at  the  Old  Hickory  Powder  Plant,  1 12,941 
lbs.  of  contact  mass  were  also  in  use  in  the  second  great  smokeless 
powder  plant  of  the  War  Department,  located  at  Nitro,  W.  Va. 
This  mass  was  shipped  to  the  Old  Hickory  Powder  Plant  to  be 
worked  up  for  the  recovery  of  its  platinum  content  along  with  the 
larger  amount  at  the  latter  plant. 

'  Received  April  7,  1922. 
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Historical 

In  October  1920,  the  writer  of  this  article  was  requested  by 
the  Ordnance  Department  of  the  War  Department  to  undertake 
the  task  of  recovering  the  platinum  from  the  entire  amount  of 
contact  mass  then  located  at  the  Old  Hickory  Powder  Plant. 
At  that  time  the  opinion  seems  to  have  been  general  in  the  Ord- 
nance Department  that  the  platinum  which  was  stolen  had 
been  recovered  from  contact  mass  and  that  an  adequate  plant 
for  the  recovery  of  platinum  was  in  existence  at  the  Old  Hickory 
Powder  Plant,  and  the  writer  was  so  informed.  When  he  arrived 
at  Jacksonville  on  November  1,  1920,  however,  he  found  that 
practically  no  preparation  had  been  made  for  the  work  to  be 
carried  out  and  that  the  process  proposed  for  use  had  been  worked 
out  only  on  a  laboratory  scale  by  a  method  which  was  practically 
an  analytical  laboratory  method. 

The  contact  mass  at  the  Old  Hickory  Powder  Plant,  like  that 
used  in  the  majority  of  contact  process  sulfuric  acid  plants  in 
the  United  .States  during  recent  years,  was  prepared  by  spraying 
fused,  grained  magnesium  sulfate  with  a  solution  of  platinic 
chloride  and  roasting  this  sprayed  mass  to  reduce  the  platinum 
salt  to  metallic  platinum.  Such  contact  mass,  as  well  as  all 
contact  mass  in  which  a  stable  soluble  salt  is  used  as  the  carrier, 
is  covered  by  the  Schroeder  patent.*  Among  other  advantages 
claimed  for  such  contact  material  is  the  ease  of  recovery  of  the 
platinum  which  is  expressed  in  the  following  language: 

Inasmuch  as  the  furnace  gases,  even  after  purifying,  still 
contain  traces  of  dust,  the  contact  bodies  in  the  course  of  time 
become  covered  with  thick  impenetrable  layers,  which  diminish 
their  efficiency.  To  lay  bare  the  surface,  it  is  only  then  necessary 
to  stir  the  contact  body  in  water  and  to  evaporate  the  salt  solu- 
tion thus  formed.  The  dust  is  thereby  dispersed  throughout 
the  entire  mass  and  can  no  longer  diminish  the  penetrability  of 
the  surface  Finally  the  dust  may  be  readily  sejjarated  from  the 
platinum  after  dissolving  out  the  salts  which  scr\'c  as  the  vehicle. 
For  this  purpose  it  is  only  necessary  to  boil  with  concentrated 
muriatic  acid  the  slime  which  has  been  separated  from  the  salt 
solution,  whereupon  the  particles  of  dust  pass  into  solution  while 
the  platinum  black  remains  behind  in  a  pure  condition. 

That  the  recovery  of  platinum  from  contact  mass  is  not  as  simple 
as  would  appear  from  the  above  quotation  is  a  matter  of  common 
knowledge  among  sulfuric  acid  manufacturers  and  platinum 
dealers. 

In  developing  the  process  which  is  here  described  two  sets  of 
mutually  opposed  factors  operated  to  restrict  the  logical  and 
orderly  development  of  an  economical  and  efficient  recovery 
plant.     These  factors  were: 

1 — The  recovery  plant  was  to  be  a  temporary  affair,  to  be 
scrapped  at  the  completion  of  the  work  for  which  it  was  designed. 
For  this  reason  the  purchase  of  expensive  apparatus  was  pro- 
hibited except  in  case  of  absolute  necessity,  and  the  use  of  make- 
shift appliances  from  stock  already  in  the  possession  of  the 
Government  and  on  the  ground  at  the  Old  Hickory  Powder 
Plant  was  encouraged. 

2 — It  was  discovered,  after  the  construction  of  the  recovery 
plant  was  almost  completed  and  the  equipment  purchased,  that 
the  funds  from  which  the  work  was  to  be  done  would  expire  on 
June  30,  1920,  and  that  all  activity  must  cease  on  that  date. 
Plans  had  been  submitted  and  equipment  purchased  on  the  basis 
of  the  turnover  of  15,(KKJ  lbs.  of  contact  mass  per  week,  at  which 
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rate  the  complete  recovery  could  not  be  completed  imtil  Octohcr 
of  that  year.  In  order  to  meet  this  cmerKcncy  the  proposed 
output  of  the  plant  had  to  he  more  than  doubled  and  the  recovery 
plant  had  to  be  operated  continuously  with  three  working  shifts. 

During  the  actual  operation  of  the  plant  the  main  object, 
therefore,  was  to  recover  the  bulk  of  the  platinum  in  a  condition 
suitable  for  storage  before  June  .id,  l;)2(),  and  a  high  percentage 
of  recovery,  the  purity  of  the  recovered  platinum  and  accurate 
current  control  of  the  recovery  process  were  all  subordinated 
to  this  object. 

ACCOMI'I.ISIIMENTS 

Of  the  .')l.'5,82f)  lbs.  of  contact  mass  on  hand  at  the  Old  Hickory 
Powder  Plant,  133,830  lbs.  were  shipped  away  as  such  to  be  stored 
or  otherwise  disposed  of  by  the  Government.  In  addition  to  this, 
30,755  lbs.  of  unroa.sted  mass,  containing  all  its  platinum  in 
soluble  form,  were  withdrawn  for  other  purposes.  These  with- 
drawals left  3-1.3,241  lbs.  to  be  worked  for  platinum  recovery. 
The  amount  of  platinum  which  this  should  contain  is  shown  in 
Table  I. 

Tadue  I 


Deductions  for  samples 
Net 


Muss 
Lhs. 

Supposed  Pt 
Content 
Per  cent 

Ft  Contc 
Troy  Oi 

1563 SO 
1240S4 
62227 

0.15 
0.20 
0.30 

34I.S.9 
3(i3.5 .  S 
2721    S 

343241 

41IU 

Av.     0  20 

9776.3 
12 

These  figures  are  based  on  the  amount  of  platinum  which  was 
supposed  actually  to  have  been  sprayed  on  the  magnesium  sulfate 
in  the  manufacture  of  contact  mass,  calculated  to  give  the  plat- 
inum percentages  shown.  There  were,  however,  unavoidable 
losses  of  platinum  between  the  time  that  the  platinum  solution 
was  sprayed  and  the  time  that  the  contact  mass  was  delivered 
to  the  recovery  plant  to  be  worked  for  platinum.  The  operations 
invohnng  loss  are  the  following: 

1 — When  the  solution  of  platinic  chloride  was  sprayed  on  the  tO'anulated 
matcnesium   sulfate. 

2 — When  the  sprayed  mass  was  roasted. 

3 — When  the  roasted  mass  was  transferred  to  the  converters. 

4 — DuriuK  the  operation  of  the  converters. 

5 — During  the  unloading  of  the  converters  and  the  transfer  of  the  mass 
to  the  recovery  plant. 

It  should  also  be  noted  that  the  above  tabulation  assumes  a 
normal  platinum  content  in  the  entire  weight  of  contact  mass  as 
delivered  to  the  recovery  plant.  This  would  include  the  not 
inconsiderable  amount  of  sand,  iron  rust,  and  other  impurities 
which  the  mass  picked  up  during  its  handling  and  use. 

It  is  believed  that  the  discrepancies  caused  by  the  above- 
named  factors  would  amount  to  from  5  to  10  per  cent  of  the 
platinum  content  shown  in  the  above  tabulation,  and  that 
7.5  per  cent  is  a  conservative  figure  to  use  as  a  basis  of  calculation. 
Deducting  7.5  per  cent  of  9764.5  oz.,  we  have  9032  oz.  as  the 
actual  amount  of  platinum  to  be  recovered. 

There  were  actually  recovered  8812  troy  oz.  of  platinum  sponge. ^ 
The  exact  purity  of  this  sponge  is  not  known.  The  several  lots 
varied  considerably  in  purity,  and  there  were  also  variations  in 
the  several  parts  of  the  same  lot.  Accurate  analyses  would  have 
necessitated  very  thorough  blending  of  large  amounts  of  platinum 
sponge  which  would  have  involved  considerable  loss  of  platinum 
and  more  time  than  was  available.  Moreover,  as  has  been  pointed 
out  above,  the  Ordnance  Department  was  not  so  much  con- 
cerned with  the  purity  of  the  recovered  platinum  or  with  an 
accurate  control  of  the  process  as  it  was  in  the  completion  of 
work  within  the  limited  time.  Some  analyses  were  made  on 
imperfectly  blended  samples  and  these  analyses  indicated  a 
purity  of  about  94  per  cent.  On  this  basis  the  platinum  sponge 
recovered  contained  8283  troy  oz.  of  actual  platinum.     On  the 


basis  of  these  calculations  a  recovery  of  91.7  per  cent  has  been 
achieved.  Of  the  remaining  8.3  per  cent  or  749  troy  oz.,  400 
to  500  troy  oz.  of  recoverable  platinum  have  been  accounted 
for  in  the  residues  left  from  the  plant  operations,  the  working 
of  which  was  impossible  within  the  limited  time.  Adding 
450  oz.  to  the  828.3  oz.  recovered,  we  have  8733  oz.,  or  a  9(5.7 
per  cent  recovery. 

Construction  and  Installation  of  Plant 

Active  work  on  the  construction  of  the  platinum  recovery 
plant  was  begun  during  the  last  week  of  December  1920.  The 
building,  which  was  designated  for  the  recovery  work  prior  to 
November  1,  1920,  was  one  of  the  poacher  houses  previously 
used  for  the  purification  of  nitrocellulose.  This  building  was 
about  75  ft.  wide  and  290  ft.  long.  The  equipment  previously 
used  in  it  for  purifying  nitrocellulose  consisted  of  four  rows  of 
large  wooden  tubs  ai)proximatcly  13  ft.  in  diameter  and  1 1  ft.  deep, 
together  with  machinery  for  agitating  the  contents  of  the  tubs. 
The  tubs  were  built  on  foundations  consisting  of  parallel  walls 
of  brick  covered  with  concrete,  approximately  2  ft.  high  and  1  ft. 
thick.  Previous  to  the  arrival  of  the  writer  at  Old  Hickory  three 
of  these  tubs  in  one  row  at  one  end  of  the  building  had  been 
elevated  to  a  height  about  4  ft.  above  their  old  foundations, 
the  three  opposite  tubs  in  the  next  row  had  been  torn  down  and 
the  parallel  walls  which  served  as  their  foundations  had  been 
closed  at  the  ends,  thus  making  three  rectangular  concrete- 
lined  tanks,  measuring  approximately  13  ft.  by  7  ft.  by  2  ft.  deep. 
It  was  decided  to  use  this  end  of  the  building  for  the  recovery 
plant  and  the  opposite  end  for  storage  of  materials  and  supplies. 
This  left  about  105  ft.  in  the  center  of  the  building  which  could 
not  be  used. 

The  construction  of  the  plant  and  the  installation  of  machinery 
were  practically  completed  by  the  first  of  March  1921.  The 
principal  items  of  construction  and  installation  are  listed  below: 

1 — ^Alteration  of  small  building  for  use  as  a  laboratory  and 
office,  and  installation  of  laboratory  equipment. 

2 — Partition  across  poacher  house  to  enclose  the  portion  to  be 
used  in  the  recovery  process. 

3 — Installation  of  40  h.  p.  locomotive  type  steam  boiler  with 
complete  system  of  steam  pipes,  radiators  for  heating  entire 
plant  and  for  use  in  the  process. 

4 — Installation  of  lighting  and  power  service  wires  for  labora- 
tory and  plant. 

5 — Installation  of  telpherage  system  with  350  ft.  of  30-in. 
tram  track,  with  two  inclines,  for  delivering  contact  mass,  acid, 
etc.,  from  the  storage  room  to  the  solution  tubs  and  other  points 
in  the  recovery  plant. 

6 — Installation  of  30  h.  p.  motor  for  tub  agitators,  10  h.  p. 
motor  for  telpherage  system,  other  motors  for  air  compressors, 
three  centrifugal  pumps,  centrifuges,  and  exhaust  fans. 

7 — Installation  of  water  pipes  and  connections. 

8 — Construction  of  two  heating  tables  30  ft.  by  5  ft.,  heated 
by  oil  burners,  one  at  each  end.  Each  table  was  constructed 
of  fire  brick  and  fire  clay  slabs  and  contained  a  layer  of  about 
3  in.  of  sand  on  the  heating  surface.  Above  each  table  and  en- 
closing it  a  large  fume  hood  and  exhaust  flume  were  constructed, 
the  exhaust  fan  being  placed  so  that  the  fumes  were  siphoned 
out  of  the  hood  and  did  not  pass  through  the  fan.  Sliding 
doors  on  each  side  gave  access  to  the  heating  surface  of  the  table. 

9 — Construction  of  a  roasting  oven  for  final  stage  of  platinum 
purification.  The  heating  chamber  was  constructed  of  fire  clay 
slabs  and  measured  7.5  ft.  by  2.5  ft.  by  16  in.  high.  It  was 
heated  by  an  oil  burner  and  was  so  built  that  the  gases  from  the 
combustion  of  the  oil  could  not  enter  the  heating  chamber  but 
circulated  around  three  sides  of  it. 

10 — Installation  of    four    Sharpies  supercentrifuges  and  one 
centrifugal  laundry  wringer. 
11 — Installation  of  laundry  dryer. 
12 — Construction  of  vault  for  platinum  storage. 
1.3 — Installation    of  three    30-gal.  earthenware  jars,  three  75- 
gal.   earthenware  jars,   and  twelve   264-gal.  earthenware  jugs, 
with  connections. 
14 — Wire  fence  around  entire  plant. 

15 — Repair  of  concrete-lined  save-all  tank  50  ft.  by  100  ft.  by 
6  to  7  ft.  deep  for  storage  of  spent  aqueous  liquors. 
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Construction  had  ad\anced  sufficiently  Ijy  the  middle  of 
February  1921  for  operations  to  begin  on  an  experimental  scale, 
and  active  and  continual  operation  was  begnn  about  the  first  of 
March. 

Outline  of  Process 

The  process  as  finally  worked  out  was  as  follows: 

1 — Solution  of  the  water-soluble  portions  of  the  contact  mass 
in  hot  water. 

2 — Allowing  the  charge  to  settle. 

3 — Separation  of  insoluble  portions  by  means  of  the  Sharpies 
supercentrifuge. 

4 — Concentration  of  the  platinum  sludge  by  means  of  weak 
hydrochloric  acid. 

.5 — ^Separation  of  concentrated  platinum  sludge  from  the  weak 
acid  wash  by  means  of  the  Sharpies  supercentrifuge. 

G — Digestion  of  the  "concentrated  sludge"  in  aqua  regia, 
evaporation  of  aqua  regia  to  dr>'ness,  addition  of  two  separate 
portions  of  hydrochloric  acid  followed  after  each  addition  by 
evaporation  to  dryness,  extraction  of  the  platinic  chloride  formed 
by  means  of  two  to  three  treatments  of  dilute  hydrochloric  acid, 
the  solution  being  siphoned  off  after  each  treatment,  the  whole 
procedure  repeated  two  or  three  times. 

7 — Precipitation  of  platinum  as  the  ammonium  cbloroplatinate 
by  the  addition  of  ammonium  chloride  to  the  hydrochloric  acid 
extract. 

8 — Washing  the  ammonium  chloroplatinate  several  times  with 
alcohol,  separation  of  the  wash  liquors  being  effected  by  allowing 
to  settle  and  siphoning  off  through  glass  siphons. 

9 — Final  separation  of  the  ammonium  chloroplatinate  from 
the  alcoholic  wash  liquors  by  means  of  a  centrifugal  laundry 
wringer. 
10 — Drying  the  ammonium  chloroplatinate  in  a  laundry  dr>'er. 
11 — Roasting     the     ammonium    chloroplatinate    to    platinum 
sponge. 

12 — Recovery  of  platinum  from  the  waste  acid  and  alcohol 
liquors  by  precipitation  with  zinc  solution  in  aqua  regia  and 
subsequent  purification  as  above  described. 

Details  of  Process 

DESCRlPTio.N  OF  CONTACT  MASS — The  Contact  mass  as  unloaded 
from  the  converters  was  usually  of  a  light  gray  color  and  granular 
form,  the  size  of  the  granules  being  approximately  such  as  would 
pass  through  a  O.o-in.  mesh  screen.  In  the  converters  which  had 
been  in  use  for  the  longest  time  the  granules  had  frequently 
coalesced  into  large  soft  lumps  containing  a  considerable  quantity 
of  sulfuric  acid.  This  was  particularly  noticeable  in  the  mass 
from  the  top  screens  in  the  converters  and  was  probably  due  to 
a  condensation  of  sulfuric  acid  on  the  mass.  The  ma.is  also 
contained  considerable  quantities  of  iron  rust  from  the  interior 
of  the  converters  and  the  screens.  Some  of  the  iron  rust  was 
in  the  form  of  very  fine  dust  and  was  probably  carried  over 
mechanically  by  the  current  of  sulfur  dioxide  from  the  other 
api)aratus  through  which  it  had  passed.  This  iron  was  particu- 
larly troublesome  in  the  process,  being  very  difficult  to  separate 
from  the  platinum.  It  was  also  very  troublesome  in  analytical 
work  since  it  was  particularly  difficult  to  get  into  solution,  some 
of  it  not  going  into  solution  even  on  long  boiling  in  aqua  regia. 
F'usion  with  sodium  carbonate  proved  the  best  way  to  get  this 
particularly  insoluble  form  of  iron  oxide  into  solution  for  analyt- 
ical work.  There  was  also  a  considerable  quantity  of  granular 
magnesium  hydroxide  or  oxide  in  the  mass.  This  was  probably 
formed  by  roasting  the  mass  to  so  high  a  temperature  as  to 
break  down  the  magnesium  sulfate.  In  one  case  nearly  two 
barrels  of  these  coarse  granules  were  shoveled  out  of  a  solution 
tub  after  the  treatment  of  a  15,000-lb.  charge  of  contact  mass. 
The  solutions  of  such  charges  were,  of  course,  alkaline  in  charac- 
ter. 

The  impurity  present  in  the  largest  proportion  was  ordinary 
sand.  This  may  have  come  from  the  tops  of  the  preheaters 
which  were  covered  with  a  layer  of  several  inches  of  sand  for 
insulation  and  were  located  very  close  to  the  converters.     The 


sand  could  have  blown  into  the  converters  while  they  were  being 
filled  or  it  could  have  been  carried  in  by  careless  workmen. 
There  was  also  present  a  considerable  quantity  of  soluble  sili- 
cates which  formed  silicic  acid  gel  when  in  the  presence  of  acid 
liquors  and  caused  great  difficulty  at  various  steps  in  the  opera- 
tion. It  was  impossible  to  filter  any  of  the  acid  solutions  on 
account  of  this  silicic  acid. 

SOLUTION  OP  CONTACT  MASS— Solution  of  the  water-soluble 
portions  of  the  mass  was  carried  out  in  large  wooden  tubs  which 
were  originally  designed  as  poacher  tubs  in  the  purification  of 
pyrocellulose  for  smokeless  powder.  They  measured  approxi- 
mately 13  ft.  in  diameter  and  approximately  11  ft.  deep.  One 
foot  in  depth  held  approximately  1000  gal.  of  water.  A  normal 
charge  for  these  tubs  was  15,000  lbs.  of  contact  mass  and  6000 
gal.  of  water.  The  optimum  conditions  for  charging  this  amount 
were  as  follows:  0000  gal.  of  water  were  run  into  the  tub  and 
heated  with  steam  to  6.5°  to  70°  C.  The  contact  mass  was  then 
fed  into  the  tub  at  such  a  rate  as  to  require  7  to  8  hrs.  for  the 
addition  of  15,000  lbs.,  the  temperature  during  the  addition  not 
being  allowed  to  exceed  90°  C.  The  agitators  were  kept  running 
throughout  the  time  of  charging  and  for  3  hrs.  thereafter  at  the 
constant  speed  of  about  15  r.  p.  m.  The  agitators  were  then 
stopped  and  the  charge  allowed  to  stand  from  24  to  36  hrs.  Oc- 
casionally the  charge  settled  sufficiently  to  allow  several  feet  in 
depth  of  the  liquid  to  be  siphoned  off  from  the  top  of  the  charge. 
More  often,  however,  a  sufficient  amount  of  solid  matter  was  held 
in  suspension  to  necessitate  the  centrifuging  of  the  entire  charge. 
When  this  was  the  case  centrifuging  was  started  from  the  0.75-in. 
outlets  with  which  the  tub  was  provided  at  distances  of  about  1 
ft.  apart,  beginning  with  the  opening  nearest  the  top  of  the  liquid. 
In  this  way  the  charge  was  drawn  off  through  the  centrifuges 
without  agitating  the  charge  until  there  were  about  1.5  to  2  ft. 
of  charge  in  the  tub.  At  this  depth  a  considerable  amount  of 
sludgy  material  began  to  be  collected  in  the  centrifuges,  and  it 
was  very  difficult  to  make  a  clean  separation  between  the  solid 
and  the  liquid  on  account  of  the  large  amount  of  solid  and  the 
high  specific  gravity  of  the  liquid.  At  this  point  the  charge 
was  usually  diluted  with  water  to  about  twice  its  volume.  The 
agitators  were  started  and  run  for  a  few  minutes  until  the  charge 
was  thoroughly  mixed.  It  was  then  allowed  to  settle  from 
0.5  to  1  hr.,  and  again  centrifuged,  starting  from  the  top  open- 
ings as  before.  A  much  better  separation  was  then  secured  on 
account  of  the  lowering  of  the  specific  gravity  of  the  solution. 
When  large  amounts  of  solids  again  began  to  collect  in  the  cen- 
trifuge bowls,  a  second  dilution  was  given  and  sometimes  a 
third  and  a  fourth,  depending  on  the  nature  of  the  charge. 
The  sludge  obtained  after  such  dilutions  was  almost  free  from 
magnesium    sulfate. 

The  centrifuge  bowl  in  which  the  sludge  was  collected  was  a 
moncl-mctal  cylinder,  approximately  30  in.  long  and  4.5  in. 
outside  diameter,  with  0.5-in.  wall.  It  revolved  at  a  speed  of 
16,000   r.  p.  m. 

The  liquid  to  be  centrifuged  passed  into  the  bowl  through  a 
central  hole  at  the  bottom,  the  solids  in  the  liquid  adhered  to 
the  walls  of  the  revolving  bowl  by  centrifugal  force,  and  the 
clear  liquid  passed  out  of  the  bowl  at  the  top.  When  approxi- 
mately 10  lbs.  of  solid  material  had  been  collected  the  centrifuge 
was  stopped,  and  the  bowl  was  taken  out  and  emptied  into  pans. 
The  sludgy  material  thus  obtained  contained  practically  all  the 
platinum  from  the  original  mass  and  a  large  quantity  of  other 
materials,  chiefly  iron  rust,  insoluble  magnesium  salts,  sand, 
and  gelatinous  silicic  acid. 

The  effluent  from  the  centrifuges  was  usually  quite  clear. 
It  was  first  run  into  the  rectangular  sump  tanks  previously  de- 
scribed. When  a  sump  tank  was  full  it  was  tested  for  dissolved 
platinum.  If  there  was  no  appreciable  amount  of  platinum  in 
solution  and  if  the  liquor  was  clear  it  was  pumped  out  and  run 
into  a  large  concrete-lined  save-all  tank  for  storage.     If  it  con- 
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taincd  dissolved  platinum  it  was  heated  with  sltam,  and  hydro- 
chloric acid  and  zinc  were  added  to  precipitate  the  platinum. 
After  cooling  it  was  again  run  through  the  centrifuge.  If  the 
liquor  was  not  clear  it  was  centrifuged  again  before  running  to  the 
save-all  tank. 

The  contact  mass  which  has  been  in  actual  use  in  converters 
was  usually  slightly  acid  to  methyl  orange  after  being  dissolved 
in  water.  Occasionally  a  charge  was  found  which  was  slightly 
alkaline.  This  was  the  case  with  many  of  the  charges  of  the 
Nitro  mass.  This  alkalinity  was  due  to  the  presence  of  mag- 
nesium hydroxide  which  might  Iiave  been  formed  by  an  over- 
heating of  the  mass.  At  times  magnesium  hydroxide  wa.^  pres- 
ent in  very  large  quantities,  so  large  as  to  make  it  impracticaljlc 
to  dissolve  it  with  acid.  In  one  case  after  the  addition  of  2.50 
gal.  of  commercial  hydrochloric  acid  the  charge  was  still  alkaline 
and,  as  stated  above,  2  bbls.  of  coarse  magnesium  hydroxide 
mixed  with  sand  were  shoveled  out  of  the  bottom  of  the  tub  after 
the  charge  was  run  out. 

Charges  which  were  alkaline  settled  better  than  acid  charges 
but  usually  yielded  a  very  much  larger  quantity  of  sludge  than 
the  acid  charges.  On  one  occasion  two  charges  which  werestrongly 
acid  in  reaction  were  neutralized  with  milk  of  lime  to  facilitate 
settling.  The  charges  then  settled  rapidly  and  about  3  ft. 
of  clear  water  were  siphoned  off  from  the  top  of  the  charge. 
An  immense  amount  gf  voluminous,  slimy  sludge,  however,  was 
found  at  the  bottom  of  these  charges.  In  one  case  there  were 
almost  a  thousand  pounds  of  this  sludge  and  it  contained  cal- 
cium salts  which  gave  very  great  difficulty  throughout  all  the 
remaining  processes  and  even  showed  up  in  the  platinum  sponge. 
The  best  practice  consisted  in  centrifuging  the  charges  just  as 
they  were  without  the  addition  of  either  acid  or  alkali.  When 
charges  were  alkaline  the  amount  of  granular  magnesium  hydrox- 
ide was  usually  so  large  as  to  make  it  impracticable  to  dissolve 
it  by  the  addition  of  acid  and,  moreover,  the  addition  of  acid 
caused  appreciable  amounts  of  platinum  to  go  into  solution  in 
the  liquor.  If  the  charge  was  acid  the  addition  of  alkali  caused 
the  precipitation  of  large  quantities  of  iron,  magnesium  salts, 
and  other  compounds. 

It  was  sometimes  found  that  15,000  lbs.  of  contact  mass  were 
too  much  for  6000  gal.  of  water,  and  in  this  case  the  charge  was 
cut  down  accordingly.  This  was  especially  the  case  with  contact 
mass  which  had  been  in  use  for  some  time.  In  the  case  of  mass 
from  the  first  converters  which  were  put  into  operation  at  the 
Old  Hickory  Powder  Plant,  the  charge  of  mass  for  6000  gal. 
of  water  was  reduced  to  10,000  lbs.  These  charges  were  strongly 
acid  with  sulfuric  acid  and  contained  large  lumps  of  material 
which  had  apparently  been  formed  by  the  condensation  of  sul- 
furic acid  within  the  converters.  With  these  charges  it  was 
found  impossible  to  obtain  a  complete  separation  of  the  liquid 
and  solid  with  the  centrifuges  unless  the  concentration  of  the 
solution  was  lowered  by  the  addition  of  more  water. 

In  all  cases  when  the  charge  had  been  run  out  through  the 
centrifuges  to  within  6  to  10  in.  of  the  bottom,  the  remainder 
of  the  charge  was  run  out  through  a  4-in.  opening  in  the  bottom 
of  the  tub  into  the  concrete-lined  sump  tank  opposite  the  tub, 
being  passed  through  a  coarse  mesh  copper  screen  to  catch  large 
sized  gravel  and  other  foreign  material  which  the  contact  mass 
contained.  From  the  sump  tanks  it  was  pumped  to  a  series 
of  bath  tubs  which  were  located  over  the  centrifuges  at  a  sufficient 
height  to  give  head  enough  to  run  well  through  the  centrifuges. 
The  material  which  collected  on  the  screen  was  washed  thoroughly 
with  water  until  the  water  coming  through  the  screen  was  clear. 
The  material  then  remaining  on  the  screen  was  collected  in 
barrels  and  designated  "sandy  residues." 

There  was  a  very  wide  variation  in  the  amount  of  sludge  ob- 
tained from  the  several  charges.  Some  charges  yielded  less 
than  100  lbs.  of  sludge,  while  others  yielded  nearly  1000  lbs. 
The  two  charges  to  which  milk  of  lime  was  added,  as  previously 


referred  to,  yielded  very  voluminous  sludges  containing  large 
quantities  of  insoluble  calcium  salts,  iron  hydroxide,  magnesium 
hydroxide,  sand,  etc.  Of  the  charges  not  so  treated  the  varia- 
tions in  weight  were  usually  due  to  magnesium  oxide  or  hydrox- 
ide, iron  oxide,  and  sand. 

The  average  amount  of  time  required  to  clean  up  a  charge 
completely  after  the  centrifuging  began  was  56  hrs.,  four  centri- 
fuges being  used,  and  centrifuging  being  carried  on  24  hrs.  per 
day,  7  days  per  week. 

WEAK  ACID  co.NCENTRATio.v — It  was  discovered  that  the 
sludge  obtained  from  the  several  charges  could  be  very  mate- 
rially reduced  in  bulk  and  weight  by  a  weak  hydrochloric  acid 
treatment,  with  an  acid  sufficiently  weak  to  pass  through  the 
centrifuges  without  very  rapidly  attacking  the  centrifuge  parts. 
The  total  amount  of  sludge  obtained  from  the  twenty-five  charges 
of  contact  mass  was  over  .5000  lbs.  This  was  reduced  to  2000 
lbs.  by  the  weak  acid  treatment. 

The  weak  acid  treatment  was  carried  out  in  a  battery  of  stone- 
ware .iars  consisting  of  two  75-gal.  jars  and  three  30-gal.  jars, 
all  of  which  could  be  emptied  through  faucets  into  a  10-gal. 
crock  from  which  the  centrifuge  was  fed.  The  jars  were  filled 
with  a  charge  in  a  ratio  of  12.5  lbs.  of  sludge  to  1  gal.  of  hydro- 
chloric acid  (31  per  cent  HCl),  and  4  gal.  of  hot  water.  The 
sludge  was  put  in  the  jars,  and  the  acid  was  added  and  stirred 
up  for  several  minutes  with  a  wooden  paddle.  The  hot  water 
■was  then  added  and  the  whole  again  stirred.  It  was  then  allowed 
to  stand  from  18  to  24  hrs.,  or  until  cool  enough  to  centrifuge. 
Occasionally,  if  a  sludge  was  quite  alkaline  in  character,  it  was 
necessary  to  add  an  additional  amount  of  acid  and  w-ater  in  order 
to  make  it  centrifuge  properly.  Approximately  500  lbs.  of  sludge 
could  be  charged  into  the  battery  of  jars  at  one  time,  although 
this  was  usually  more  than  the  one  centrifuge  which  was  allotted 
to  this  work  could  handle  in  one  day's  time. 

PtTRTFiCATiON.  Aqua  Regia  Treatment — In  principle  the  puri- 
fication stage  consisted  of  an  aqua  regia  treatment  of  the  con- 
centrated sludge  in  order  to  carry  the  platinum  into  solution, 
a  complete  evaporation  of  the  aqua  regia  solution  in  order  to 
eliminate  the  nitric  acid,  solution  of  the  platinum  chloride  in 
hydrochloric  acid,  separation  of  the  hydrochloric  acid  solution 
of  platinum  from  the  residual  solid  matter,  precipitation  of  the 
platinum  in  the  form  of  ammonium  chloroplatinate  by  the  ad- 
dition of  ammonium  chloride,  separation  and  washing  of  the  am- 
monium chloroplatinate,  drying  of  the  ammonium  chloroplatinate, 
and  roasting  it  to  sponge. 

Approximately  5  lbs.  of  concentrated  sludge  in  a  large  silica 
dish  (about  6-gal.  capacity)  were  placed  on  the  hot  table.  About 
10  qts.  of  commercial  hydrochloric  acid  were  then  added.  This 
was  thoroughly  heated  and  mixed  by  means  of  wooden  paddles. 
About  3  pints  of  nitric  acid  were  then  added  very  carefully,  a 
little  at  a  time,  to  avoid  violent  frothing.  In  the  beginning  the 
amount  of  nitric  acid  to  be  added  at  a  time  should  be  not  more 
than  25  cc.  or  even  less.  Nitric  acid  should  be  added  until  a 
further  addition  causes  no  bubbling  or  frothing.  One  part  of 
nitric  acid  to  three  parts  of  hydrochloric  acid  was  usually  suffi- 
cient. 

The  contents  of  the  dish  were  then  allowed  to  evaporate  just 
to  dryness.  The  residue  could  not  be  allowed  to  become  caked 
since  this  was  likely  to  break  the  dish.  A  small  amount  of 
hydrochloric  acid  was  then  added  in  such  a  way  as  to  moisten 
the  entire  residue  and  this  was  again  evaporated  to  dryness. 
About  3  qts.  of  hydrochloric  acid  and  5  qts.  of  water  were  then 
added  to  the  contents  of  the  dish  and  digested  until  the  residue 
was  loose  from  the  dish  and  thoroughly  disintegrated.  The 
disintegration  can  be  assisted  by  the  use  of  wooden  paddles. 
The  entire  contents  of  the  dish  were  tlien  poured  into  a  10-gal. 
crock,  the  dish  being  washed  out  with  just  sufficient  water  to 
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transfer  the  contents.  Several  dishes  were  emptied  into  one 
10-gal.  crock  until  the  crock  was  almost  entirely  full.  The 
crocks  were  then  allowed  to  stand  for  24  hrs.  or  longer,  until 
complete  settling  had  occurred  and  the  supernatant  liquid  was 
clear.  The  clear  liquid  was  carefully  .siphoned  off  into  10-gal. 
crocks  by  the  U3e  of  0.25-in.  glass  siphons,  the  crocks  being 
tilted  gently  so  that  the  clear  liquid  might  be  siphoned  as  com- 
pletely as  possible.  The  residue  left  in  the  crock  after  siphoning 
was  treated  with  1  part  hydrochloric  acid  and  2  parts  hot  water, 
with  stirring,  so  that  the  solid  residue  was  thoroughly  mi.ved 
with  the  hot  dilute  acid.  This  was  again  allowed  to  cool  and 
settle  and  the  clear  liquid  also  siphoned  off  and  added  to  the  liquid 
previously  siphoned.  The  residue  which  was  now  in  the  crock 
was  returned  to  the  silica  dishes  and  the  entire  process  just 
described  was  repeated,  using  the  aqua  regia  treatment  and  two 
weak  hydrochloric  acid  extractions.  The  residue  then  usually 
contained  from  0.2  to  0.4  per  cent  of  platinum  and  was  set  aside 
in  containers  for  final  disposal  by  the  Government.  Occasionally, 
however,  a  third  and  even  a  fourth  aqua  regia  treatment  was 
necessary. 

The  process  above  described  was  adopted  because  filtration 
of  the  strongly  acid,  hot  solutions  was  found  to  be  particularly 
difficult  and  very  slow.  The  objections  to  the  siphoning  process 
arc,  first,  that  it  leaves  a  small  amount  of  impurities  in  the 
finished  platinum  sponge,  and,  second,  it  is  not  possible  to  strip 
the  residues  quite  as  free  from  platinum  as  could  be  done  with  a 
suction  filter. 

Precipitation — The  clear  liquors  which  had  been  siphoned 
off  after  the  several  hydrochloric  acid  extractions  were  treated 
with  a  hot  concentrated  solution  of  ammonium  chloride  in  order 
to  precipitate  the  platinum  as  ammonium  chloroplatinate — a 
highly  colored  yellow  salt.  Hot  solutions  of  ammonium  chloride 
were  used  because  a  much  larger  amount  of  ammonium  chloride 
per  unit  of  volume  could  be  added,  thus  oljtaining  the  most 
insoluble  medium  for  the  ammonium  chloroplatinate.  For 
the  same  reason,  the  first  portion  of  ammonium  chloride  was 
sometimes  added  in  solid,  finely  powdered  condition.  After 
the  precipitation,  about  2  per  cent  of  95  per  cent  alcohol  was 
added  in  order  to  facilitate  the  settling  of  the  ammonium  chloro- 
platinate. If  any  oil  was  present,  which  was  usually  the  case 
and  which  came  from  the  centrifuges,  a  considerable  amount  of 
yellow  salt  might  float  in  a  scum  on  the  surface.  This  scum 
was  made  to  sink  by  the  addition  of  a  few  drops  of  ether  and 
gentle  agitation  of  the  surface.  Unless  the  nitric  acid  had  been 
completely  removed  by  evaporation  of  the  aqua  regia  in  the 
preceding  stage,  violent  frothing  was  likely  to  occur  on  the 
addition  of  alcohol,  cither  at  this  stage  or  the  following  stages 
where  the  precipitate  was  washed  with  alcohol.  This  frothing 
was  sometimes  so  violent  as  to  cause  the  loss  of  practically  the 
entire  contents  of  the  crock  if  precautions  were  not  taken. 

The  crocks  were  allowed  to  stand  undisturbed  for  12  hrs. 
after  precipitation.  At  the  end  of  this  time  the  clear  superna- 
tant liquid,  which  had  previously  been  tested  in  ordertodetermine 
whether  precipitation  had  been  comi)letc,  was  carefully  siphoned 
off  through  glass  siphons  as  completely  as  was  possible  without 
drawing  over  some  of  the  yellow  salt.  The  yellow  salt  from  sev- 
eral crocks  was  usually  concentrated  into  one  crock  at  this  stage 
and  the  crock  filled  up  with  alcohol.  This  was  again  allowed 
to  stand  for  24  hrs.,  or  until  settling  was  complete.  The  super- 
natant liquid  was  siphoned  off  as  before  and  a  second  alcohol 
wash  was  given.  It  was  found  advantageous  to  repeat  this 
alcohol  wash  three  times.  All  liquids  siphoned  off  from  the 
yellow  salt  were  stored  in  264-gal.  earthenware  jugs,  a  supply 
of  which  was  available  on  the  plant.  These  were  afterwards 
treated  for  the  recovery  of  the  dissolved  platinum  as  will  be  de- 
scribed later.  The  alcohol  used  in  this  process  was  colored 
with  methylene  blue  to  discourage  its  use  as  a  beverage. 

Separation  of  the  Ammonium   Chloroplatinate  from  the   Wmli 


Liquor— After  the  third  alcohol  wash  the  yellow  salt,  in  the  form 
of  a  thick  sludge,  was  transferred  to  a  75-gal.  jar  which  was 
located  on  an  elevated  platform  over  an  ordinary  centrifugal 
laundry  wringer.  The  revolving  basket  of  the  vn-inger  was 
approximately  10.5  in.  deep  and  26  in.  in  diameter  and  revolved 
at  about  11.50  r.  p.  m.  The  sides,  perforated  with  about  0.25-in. 
holes,  were  lined  with  a  very  heavy  woolen  filter  cloth. 

The  sludge  in  the  75-gal.  jar  was  diluted  with  alcohol  to  the 
consistency  of  thin  cream  and  fed  through  a  rubber  hose,  with 
constant  stirring,  into  the  center  of  the  revolving  wringer  bowl. 
The  rate  of  feeding  had  to  be  very  carefully  controlled  by  means 
of  an  earthenware  stopcock  and  could  be  learned  only  by  ex- 
perience. A  slight  over-balancing  of  the  bowl  by  the  collection 
of  too  much  material  on  one  side  would  cause  such  violent  vi- 
bration that  the  wringer  might  have  to  be  stopped  and  the  charge 
dipped  out  and  returned  to  the  storage  jar.  When  properly 
fed  the  alcohol  passed  through  the  woolen  filter  cloth,  leaving 
the  yellow  salt  in  the  form  of  a  comparatively  dry  cake,  packed 
against  the  walls  of  the  bowl.  By  careful  feeding  as  much  as 
40  lbs.  of  yellow  salt  were  collected  in  one  charge.  The  average 
weight  of  the  charge  was  about  25  lbs.  It  was  removed  from  the 
wringer  by  scraping  down  from  the  sides  with  a  large  spoon  and 
scooping  it  into  enameled  dish  pans,  in  which  it  was  dried. 

The  yellow  salt  as  it  came  from  the  wringer  contained  about 
18  per  cent  volatilcs,  mostly  alcohol.  It  was  dried  by  placing 
the  pans  containing  the  wet  salt  on  racks  in  a  laundry  dryer.  i 
This  dryer  consisted  of  a  galvanized  iron  box,  6.5  ft.  by  8  ft. 
by  8  ft.  high,  lined  on  three  sides  with  double  coils  of  steam  pipe. 
It  heated  in  a  very  short  time  and  attained  a  temperature  of 
95°  to  100°  C.  The  yellow  salt  was  sufficiently  dried  if  left  in 
the  dryer  over  night. 

Roasting  of  Yellow  Salt — For  the  roasting  of  the  yellow  salt, 
36-qt.  graphite  crucibles  with  tops  and  lined  with  zirconia  were 
provided.  These  crucibles  were  sufiScient  to  handle  the  amount 
of  yellow  salt  which  was  originally  designed  to  be  roasted  at  oni 
time.  With  the  speeding  up  of  the  process,  however,  they  wen. 
entirely  insufficient,  and  time  did  not  allow  the  purchase  of  an 
additional  supply,  since  they  were  not  carried  in  stock.  Two 
very  large  graphite  crucibles,  such  as  are  used  in  brass  foundry 
works,  were  found  in  the  shop  area  of  the  powder  plant.  They 
held  approximately  1.5  gal.  each,  but  were  still  not  sufficient 
to  hold  the  large  amounts  of  yellow  salt  which  had  to  be  roasted 
at  a  time.  The  large  silica  dishes  which  were  in  use  in  the  aqua 
regia  treatment  of  the  sludge  proved  entirely  satisfactory  for  the 
roasting  process,  except  that  they  were  awkward  in  shape  and 
were  so  large  that  they  could  not  be  provided  with  covers.  In 
the  larger  roasts  two  of  these  silica  dishes  were  used  and  filled 
with  yellow  salt  to  within  4  in.  from  the  top.  By  the  use  of  all 
these  expedients  and  by  carefully  arranging  the  ves.sels  in  the 
roasting  ovens,  an  amount  of  yellow  salt  sufficient  to  yield  1000  i 
oz.  of  platinum  sponge  was  roasted  at  one  time.  The  muffle 
furnace  which  was  used  for  roasting  was  constructed  in  such  a 
way  that  the  combustion  gases  could  not  pass  through  the  heat- 
ing chamber  but  circulated  completely  around  it.  It  was  heated 
by  means  of  an  oil  burner  with  a  steam  jet. 

The  following  is  a  description  of  a  typical  furnace  run:  The 
several  crucibles  and  silica  dishes  containing  the  yellow  salt 
were  carefully  placed  in  the  furnace  in  such  a  position  that  they 
could  be  withdrawn  with  tongs  while  the  furnace  was  still  hot. 
The  temperature  of  the  furnace,  while  being  charged,  was  usually 
400°  or  .500°  I'.  The  door  was  then  closed  and  sealed.  The  oil 
burner  was  lighted  and  kept  going  for  approximately  24  hrs., 
during  which  time  the  temperature  rose  to  approximately  1.300°!'". 
Dense  white  and  yellow  fumes  began  to  appear  when  the  tempera- 
ture of  the  furnace  reached  approximately  .500°  F.  These  con- 
tinued for  12  to  15  hrs.  By  the  time  the  temperature  had  reached 
1300°  F.  the  fumes  had  practically  ceased.  The  burner  was 
kept  on  for  about  2  hrs.  after  the  fumes  ceased  to  issue  from  the 
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furnace.  The  fire  was  then  shut  off  and  the  furnace  allowed  to 
cool  to  a  temperature  at  which  it  could  be  opened  and  the  cru- 
cibles taken  out. 

The  yield  of  platinum  sponge  from  the  dried  yellow  salt  usually 
ran  a  little  over  100  per  cent  of  theory,  owing  to  the  presence  of 
impurities.  These  impurities  were  chiefly  silica  with  a  little  iion. 
The  lowest  yield  obtained  was  'J.'i.T  per  cent  of  theory,  in  a  case 
where  the  yellow  salt  was  not  C()mi)letely  dried.  Tlie  highest 
yield  obtained  was  107.7  per  cent  of  theory,  the  result  of  the  fact 
that  this  roast  was  made  up  lartjely  of  platinum  recovered  from 
various  residues  and  contained  a  larger  amount  than  usual  of 
impurities.     The  next  highest  yield  was  103  per  cent  of  theory. 

Recmery  of  Platinum  from  Wastes — During  the  operation  of 
the  processes  described  in  this  report  several  waste  products 
collected  which  contained  considerable  platinum.  Those  de- 
scribed below  were  treated  to  recover  the  platinum  which  they 
contained : 

1 — Oily  drippings  from  the  centrifuges. 

2 — Acid  effluent  from  the  centrifuges  after  the  weak  acid  treat- 
ment of  the  sludge. 

3 — Acid  liquors  siphoned  off  from  the  precipitation  crocks 
after  the  precipitation  of  anunonium  chloroplatinate  with 
ammonium  chloride. 

4 — Weak  alcohol  wash  liquors  obtained  by  siphoning  off  from 
the  crocks  and  eflluent  from  the  laundry  wringer. 

5 — Rags  which  were  used  in  cleaning  the  centrifuge  bowls 
and  other  pieces  of  apparatus. 

The  treatments  for  the  several  waste  products  itemized  above 
are  enumerated  consecutively  below: 

1 — The  oil  and  water  were  separated  in  vessels  having  a  bottom 
faucet.  When  settling  was  complete  the  water  was  drawn  off 
from  below  and  nm  through  tlie  centrifuge  to  recover  the  sus- 
pended platinum.  The  oil  was  burned  off  in  an  open  iron  kettle 
and  the  residue  treated  with  aqua  regia  on  the  hot  table. 

2 — The  weak  acid  water  which  contained  api)ro.\iraately  15 
oz.  of  platinum  per  100  gal.  was  treated  with  zinc  to  precipitate 
the  platinum.  It  was  then  run  through  the  centrifuge  to  recover 
the    precipitated    platinum. 

3 — Same  treatment  as  for  (2). 

4 — Several  204-gal.  jars  of  alcohol  waste  were  distilled  to  re- 
cover the  alcohol.  The  residue  left  after  most  of  the  alcohol 
was  distilled  off  was  precipitated  with  zinc  and  centrifuged. 
This  process,  however,  proved  too  slow  with  the  facilities  which 
were  available.  It  was  found  by  laboratory  tests  that  platinum 
could  be  precipitated  practically  completely  in  the  presence  of 
considerable  alcohol  if  a  large  excess  of  zinc  were  used  and  a 
considerable  time  allowed  for  the  reduction.  The  remaining 
alcohol  liquors,  were,  therefore,  precipitated  directly  with  zinc 
and  centrifuged. 

5 — The  rags  were  burned  in  an  open  kettle  and  the  ashes  treated 
with  aqua  regia  on  the  hot  table. 

All  the  platinum  sludge  obtained  from  the  above-mentioned 
waste  products  was  turned  on  to  the  hot  table  for  purification 
with  aqua  regia  treatment  and  worked  up  with  the  rest  of  the 
platinum  sludge  and  was  not  kept  separate.  The  amount  of 
platinum  recovered  from  these  residues  was  probably  in  the 
neighborhood  of  800  troy  ounces. 

Recoverable  Platinum  in  Residues 

It  is  very  difficult  to  make  an  intelligent  estimate  of  the  plati- 
num contained  in  the  residues  left  in  the  Platinum  Recovery  Plant 
owing  chiefly  to  the  difficulty  of  obtaining  average  samples. 
Some  analyses  have  been  made  of  the  various  residues  but  it  is 
believed  that  they  can  serve  as  an  indication  merely  and  not  as 
the  basis  of  an  intelligent  estimate.  As  nearly  as  can  be  ascer- 
tained the  amounts  of  platinum  in  the  various  residues  left  in 
the  Plant  were  the  following; 

1 — The  save-all  tanks.  These  contained  approximately 
225,000  gal.  of  liquor  which  was  nearly  a  concentrated  solution 
of  magnesium  sulfate.     It  is  estimated  that  there  may  be  100 


oz.  of  platinum  in  solution  in  this  liquor  and  50  oz.  in  the  form 
of  fine  sediment  on  the  bottom. 

2 — Approximately  1000  lbs.  of  residue  from  the  silica  dishes, 
which  should  contain  100  oz.  of  platinum. 

3 — Approximately  l.'iOO  lbs.  of  .sandy  residues  shoveled  from 
the  bottom  of  the  solution  tubs  and  washed.  This  should  contain 
100  oz.  of  platinum. 

4 — Approximately  'M)  lbs.  of  magnesium  hydroxide  shoveled 
from  the  bottom  of  some  of  the  solution  tubs.  This  should 
contain  25  oz.  of  platinum. 

.5 — Approximately  200  gal.  of  wash  liquor  from  the  yellow 
salt.     This  shoulri  contain  '.V)  oz.  of  platinum. 

6 — A  clean-up  of  the  solution  tubs  by  knocking  them  down 
and  scraping  them  and  a  cican-up  of  all  the  equipment  used  in 
the  platinum  plant  should  yield  50  oz.  of  platinum. 

All  these  sources  account  for  about  455  troy  ounces. 

Financial  Statement 

On  November  1,  1920,  there  was  an  unobligated  balance  of 
approximately  §23,561.66  of  the  allotment  for  the  recovery  of 
platinum.  On  March  1,  1021,  there  was  an  unobligated  balance 
of  approximately  $8,367.84.  The  sum  of  515,193.82  represents 
approximately  the  cost  of  the  construction  of  the  plant  and  the 
purchase  of  the  initial  apparatus.  This  sum  includes  the  cost 
of  four  centrifuges  for  56,800.00.  Between  March  1  and  June 
30,  three  additional  allotments,  totaling  518,.500.00,  were  made. 
On  June  30,  the  unobligated  balance  was  approximately  51,840.74. 
The  sum  of  $25,027.10,  therefore,  represents  approximately  the 
cost  of  operating  the  plant,  although  it  includes  some  rather 
large  items  for  maintenance  and  the  purchase  of  supplies  and 
additional  equipment.  The  total  amount  of  money  expended 
between  November  1,  1920,  and  June  30,  1921,  was  approxi- 
mately 540,220.92.  Figuring  the  actual  amount  of  platinum 
recovered  as  8283  troy  ounces,  the  cost  of  recovery  has  been 
54.855  per  ounce.  These  figures  do  not  take  into  account  the 
value  of  the  residues,  from  which  the  Government  will  proba- 
bly realize  an  appreciable  sum,  and  the  value  of  the  equipment 
which  has  been  purchased  and  which  remains  the  property  of  the 
Government. 

Conclusion 

Owing  to  the  conditions  under  which  the  work  here  described 
was  conducted  no  very  extended  laboratory  work  was  carried 
out,  though  many  problems  of  an  unusually  interesting  nature 
presented  themselves.  However,  some  investigations  of  a  press- 
ing nature  were  conducted  and  some  interesting  results  were 
obtained  which,  while  not  complete,  may  be  made  the  subject 
of  a  separate  article  in  the  near  future.  In  connection  with  the 
chemistry  of  platinum,  reference  might  here  be  made  to  the 
excellent  "Bibliography  of  the  Metals  of  the  Platinum  Group" 
published  as  Bulletin  694  by  the  U.  S.  Geological  Survey,  and 
also  to  "The  Detection  and  Estimation  of  Platinum  in  Ores," 
Technical  Paper  270,  of  the  Bureau  of  Mines. 

As  this  article  goes  to  press  the  attention  of  the  author  has 
been  directed  to  a  review  of  "Technical  Records  of  Explosives 
Supply  1915-1918,  published  by  the  Ministry  of  Munitions 
and  Department  of  Scientific  and  Industrial  Research,  H.  M. 
Stationery  Office,  London,  1921"  in  which  the  following  state- 
ment appears:  "Of  special  interest  is  ****  the  recovery  of  the 
magnesium  sulfate  and  platinum,  together  with  the  separation 
of  platinum  and  iridium,  from  contact  mass."  The  publication 
reviewed  is,  unfortunately,  not  available  to  the  author,  and  no 
comment  can  be  made  by  way  of  comparison  between  the 
method  therein  described  and  that  described  in  this  article. 

Acknowledgment 

The  writer  desires  to  express  his  indebtedness  to  Dr.  Charles 
E.  Mum-oe  of  the  National  Research  Council,  Washington,  D.  C, 
for  valuable  suggestions  in  the  compilation  of  this  article  and  for 
his  assistance  in  preparing  it  for  publication. 


642 


THE  JOURXAL  OF  IXDUSTRIAL  AND  ESGINEERIXG  CHEMISTRY 


Vol.  14,  Xo.  7 


First  Report  of  the  Committee  on  Contact  Catalysis 


Ey  wader  D.  Bancroft 

Cornell  Univbrsity,  Itbaca,  New  York 


{Concluded) 

Adsorption  by  Metals  and  Metallic  Oxides 

At  Princeton  University  Professor  Taylor  and  his  students 
have  measured  the  adsorption  of  carbon  monoxide,  carbon 
dioxide,  oxygen,  hydrogen,  and  nitrogen  at  atmospheric  pres- 
sure and  different  temperatures  by  various  catalysts,  such  as 
copper  oxide,  manganese  dioxide,  cobaltic  oxide,  and  silica 
(Benton),  and  of  hydrogen,  carbon  monoxide,  carbon  dioxide, 
and  ethylene,  by  finely  divided  nickel,  cobalt,  iron,  copper,  pal- 
ladium, and  platinum.'"'  In  the  case  of  copper  oxide  the  amount 
of  adsorption  has  been  shown  to  depend  on  the  method  of  prepa- 
ration, the  adsorption  being  smaller  the  less  active  the  material 
is  catalytically.  When  the  metallic  oxides  are  prepared  by  pre- 
cipitation processes,  they  show  a  high  adsorptive  capacity  for 
carbon  monoxide  and  carbon  dioxide,  while  the  adsorption  of 
nitrogen  and  oxygen  is  small,  and  only  a  little  hydrogen  is  taken 
up.  The  large  adsorption  of  carbon  monoxide  and  the  small 
adsorption  of  hydrogen  are  significant  in  connection  with  the 
selective  combustion  of  carbon  monoxide  in  hydrogen.  The 
general  conclusions  reached  by  Taylor  and  Bums""  are  quoted  in 
full: 

From  the  experimental  work  here  recorded  we  feel  that  cer- 
tain important  conclusions  relative  to  the  adsorption  theory  of 
contact  catalysis  have  obtained  decisive  demonstration.  Fur- 
thermore, we  believe  that  the  experiments  are  of  importance  in 
the  general  problem  of  adsorption,  and  disclose  the  operation 
of  other  factors,  the  significance  of  which,  in  reference  to  catalysis, 
needs  special  emphasis. 

Investigations  of  catalytic  adsorbents  of  the  type  dealt  with 
in  these  experiments  show  results  which  are  in  marked  contrast 
to  the  results  of  adsorption  measurements  in  which  porous, 
chemically  inert,  materials  such  as  charcoal  and  silica  gel  are 
used.  In  the  case  of  metallic  catalytic  agents  the  adsorption 
is  pronouncedly  specific.  In  one  of  such  cases  hydrogen  is 
more  markedly  adsorbed  than  other  gases.  For  example, 
nickel  adsorbs  more  hydrogen  than  carbon  monoxide.  On  the 
other  hand,  the  reverse  is  the  case  with  iron  and  cobalt,  these 
metals  showing  hydrogen  adsorptions  which  are  decidedly 
smaller  than  those  of  the  other  gases.  The  parallelism  ob- 
served in  the  case  of  porous,  inert  adsorbents,  such  as  charcoal, 
between  adsorption,  compressibility,  and  ease  of  liquefaction 
of  the  gas  does  not  appear  to  hold  in  the  case  of  adsorption  by 
the  metal  catalysts  which  wc  have  studied.  The  adsorption 
isotherms  are  also  different,  saturation  capacity  of  the  adsorb- 
ent being  attained  at  rather  low  partial  pressures  of  the  gases. 

All  of  this  evidence  is  in  agreement  with  the  view  that  ad- 
sorption in  the  case  of  metal  catalysts  is  a  surface  phenomenon 
somewhat  chemical  in  nature,  possibly  involving  rearrangements 
of  electrons  on  both  the  adsorbent  and  the  gas.  In  the  case  of 
bodies  like  charcoal  and  silica  gel,  the  phenomenon  may  be  at- 
tributed frequently  to  the  presence  of  pores  which  fill  gradually 
with  liquid,  although  covering  of  the  surface  by  an  adsorbed 
gas  film  can  undoubtedly  occur  in  this  case  also.  At  any  rate, 
the  experiments  which  have  been  performed  demonstrate  that 
the  problem  of  adsorption  by  solid  adsorbents  is  a  far  wider 
one  than  hitherto  indicated,  and  that  it  promise.s  to  be  more 
interesting  by  reason  of  the  wide  range  of  possibilities.  A  com- 
prehensive scheme  of  study  in  this  field  has  been  planned  and 
undertaken. 

The  measurements  with  active  nickel  catalysts  and  with  in- 
active nickel  obtained  by  reduction  of  the  oxide  at  elevated 
temperatures  form,  we  believe,  convincing  experimental  demon- 
stration that  the  destruction  of  catalytic  activity  is  accompanied 
by  an  almost  complete  suppression  of  adsorptive  power.  In 
addition,  these  results  clearly  indicate  one  reason  for  variability 
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in  catalytic  behavior  with  variation  in  mode  of  catalyst  prepara- 
tion, a  phenomenon  widely  known,  but  hitherto  little  under- 
stood. The  varying  adsorptive  capacity  of  the  material  would 
account  for  such  variable  catalytic  behavior.  The  results  sug- 
gest, moreover,  the  necessity  of  obtaining,  in  the  kinetic  studies 
of  catalytic  action,  the  actual  behavior  of  the  catalytic  agent 
as  an  adsorbent. 

From  an  examination  of  our  adsorption  measurements,  it 
is  evident  that  maximum  catalytic  activity  does  not  occur  at 
temperatures  at  which  maximum  adsorption  is  shown.  Indeed, 
in  the  case  of  copper,  the  hydrogenation  of  ethylene  begins 
only  at  a  temperature  where  the  adsorption  of  ethylene  is  ceas- 
ing to  be  a  measurable  quantity.  It  is  true  that  nickel  begins 
to  hydrogenate  ethylene  at  ordinary  temperatures,  where  ad- 
sorptions are  very  large,  but  it  will  be  observed  that  at  the 
optimum  temperature  for  this  reaction,  130°  to  150°,  the  ad- 
sorption of  ethylene  is  considerably  less  than  that  at  the  temper- 
ature at  which  reaction  commences.  Similar  observations  may 
be  made  with  respect  to  a  cobalt  catalyst  with  carbon  monoxide 
and  hydrogen,  and  with  nickel  in  the  case  of  carbon  dioxide  and 
hydrogen. 

We  regard  this  evidence  concerning  diminishing  adsorption 
and  increasing  catalytic  activity  with  temperature  as  demon- 
strating the  necessity,  in  many  catalytic  reactions,  of  a  free  evap- 
oration of  both  reactants  and  resultants  from  the  catalyst 
surface.  A  strong  or  reversible  adsorption  of  any  of  the  par- 
ticipants in  a  reaction  undoubtedly  tends  to  render  the  catalyst 
surface  inactive.  At  the  same  time  it  is  possible  that  such  an 
irreversible  adsorption  may.  in  certain  cases,  lead  to  a  reaction 
between  gases  which  only  occurs  with  difficulty  in  the  gas  phase. 
Our  experiments  with  palladium  and  platinum  with  carbon  dioxide 
and  hydrogen  may  be  cited  in  illustration.  The  experimental 
data  show  that  carbon  monoxide  is  tenaciously  adsorbed  by  both. 
metals,  and  that  at  moderate  partial  pressures  the  gas  probably 
covers  the  metal  surface.  In  such  case,  hydrogen,  in  presence  of 
carbon  monoxide,  can  be  adsorbed  only  on  a  surface  of  carbon 
monoxide  and  not  on  the  metal.  The  union  of  carbon  monoxide 
with  palladium  to  form  a  Pd-CO  surface  complex  is  apparently 
such  that  at  ordinar>-  temperatures  the  reactivity  of  the  carbon 
is  enhanced,  and  with  hydrogen,  methanation  results.  With 
platinum,  on  the  other  hand,  no  reaction  occurs  at  any  temper- 
ature and  the  Pt-CO  surface  complex  remains  undecomposed. 
The  evidence  cited  by  von  Hemptinne""  as  to  the  behavior  of 
Pd-CO  surface  complexes  at  low  temperatures  (  —  20°  and  lower) 
is  quite  parallel  to  th  it  occurring  with  Pt-CO  complexes  at  all 
temperatures  within  the  range  investi.gated.  There  is  evidence 
that  the  production  of  sulfur  trioxide  in  presence  of  platinum  is 
caused  by  the  interaction  of  a  Pt-O  surface  complex  with  sulfur 
dioxide  molecules.  In  this  case  the  slight  tendency  of  sulfur 
trioxide  molecules  to  evaporate  constitutes  a  complicating 
factor. 

When  such  strong  or  irreversible  adsorptions  are  not  present, 
when  evaporation  of  the  reacting  gases  is  relatively  rapid,  the 
conclusion  seems  inevitable  that  the  condensation  process  dis- 
turbs the  electron  field  of  one  or  the  other,  or  both  of  the  reacting 
gases,  thus  bringing  them  into  a  reactive  condition.  Subse- 
quently, on  evaporation,  by  readjustment  of  the  electron  field, 
the  active  molecules  may  either  regain  their  normal  state,  or, 
on  the  other  hand,  may  collide  with  other  molecules  bringing 
about  reaction.  That  the  adsorption  effect  is  not  singly  the 
cause  of  reaction  has  been  suggested  in  the  preceding  paragraphs. 
We  are  disposed,  therefore,  to  consider  reaction  as  the  resultant 
of  at  least  two  factors,  the  adsorption  factor  and  the  temperature 
factor.  There  is  evidence  as  to  how  these  two  factors  operate. 
For  example,  it  is  known  that  ethylene  and  hydrogen  can  be 
caused  to  react  by  purely  thermal  means.  The  temperatures 
required  are  high,  being  in  the  region  of  500°.  With  a  nickel 
catalyst  present  reaction  occurs  from  room  temperatures  up- 
ward, and  strong  adsorption  of  both  gases  is  shown  by  nickel. 
With  copper  a  temperature  of  150°  is  required  for  incipient  ac- 
tion, and  adsorption  by  this  metal  is  much  less  pronounced  than 
in  the  case  of  nickel.     Similar  obser\'ations  hold  in  respect  to 
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the  conversion  of  carbon  inoiioxide  and  hydrORcn  by  means  of 
nickel  and  cobalt,  the  temperature  renuired  iu  the  case  of  cobalt, 
llie  less  elTicicnt  adsorption  anent,  being  some  90°  higher  than 
with  nickel  for  similar  rates  of  reaction. 

It  would,  therefore,  appear  that  the  adsorptive  capacity  is  an 
index  of  the  temperature  at  which  reaction  can  be  induced. 
Where  adsorption  is  strong  wc  have,  presumably,  a  more  marked 
or  more  frequent  displacement  of  the  stable  conliguration  of 
the  molecule  than  with  a  weak  adsorption.  Consequently,  a 
lower  temperature  will  effect  interaction.  In  such  mauuer,  it  is 
possible  to  correlate,  qualitatively  at  least,  the  present  data  on 
adsorption  with  the  known  catalytic  activity  of  the  metals  in 
the  reactions  chosen  for  study.  The  importance  of  this  con- 
clusion is  sulTicicnt  to  warrant  a  detailed  study  of  the  same  with 
a  view  to  obtaining  a  quantitative  relationship  between  the  tem- 
perature factor  and  the  adsorplion  factor.  Such  a  study  un- 
doubtedly involves  an  analysis  of  catalytic  action  in  its  relation 
to  radiation  theories.  An  experimental  investigation  upon  such 
lines  is  in  progress. 

Pease  and  Taylor  have  studied  reducibility  of  copper  oxide 
by  hydrogen.  The  reaction  is  autocatalytic,  copper  ajiparcntly 
being  the  catalyst.  The  reaction  starts  very  slowly  and  works 
up  gradually  to  a  maximum  rate  as  reduction  proceeds.  Fur- 
ther addition  of  copper  hastens  the  reaction  considerably. 
Since  copper  is  the  catalytic  agent  and  since  copper  oxide  is 
the  substance  to  be  reduced,  it  is  clear  that  on  any  theory  of 
catalysis  the  reaction  can  take  place  rapidly  only  at  tlic  inter- 
face between  copper  and  copper  oxide.  The  presence  of  water 
vapor  in  the  hydrogen  interferes  markedly  with  the  formation 
of  the  original  copper  nuclei  from  which  the  reaction  zone  spreads; 
but  it  has  little  efTect  on  the  subsequent  reaction  at  the  interface 
between  copper  and  copper  oxide.  The  presence  of  oxygen  in 
the  hydrogen  inhibits  strongly  the  reaction  at  the  interface  liut 
apparently  does  not  affect  the  formation  of  the  original  copjier 
nuclei.  The  effect  of  oxygen  is  thus  exactly  the  opposite  of 
water  vapor. 

OVERVOLT.^OE 

Rideal""  has  attempted  to  formulate  the  relation  between 
overvoltage  (or  overpotential  as  he  calls  it)  and  the  catalytic 
activity  of  the  metals. 

On  the  adsorption  theory  the  following  viewpoint  may  be  ad- 
vanced. At  any  surface  when  etiuilibrium  is  established  be- 
tween metal  and  the  surrounding  medium,  the  number  of  mole- 
cules striking  and  becoming  adsorbed  on  the  surface  will  be 
equal  to  the  number  evaporating,  although  the  actual  number 
liberated  and  adsorbed  per  second  will  vary  with  the  nature  of 
the   metal.     Under  these  conditions  the   free  energy  equation 

_,        RT  ,        P 

E  =  -r  log  C^ 

will  hold  for  all  metals.  On  the  passage  of  current,  however, 
discharge  of  hydrogen  occurs  with  the  formation  of  atomic 
hydrogen  adsorbed  on  the  metal  surface  (presumably  by  a  pair 
of  electrons,  or  one  valence  bond  ) .  The  affinity  of  an  atom  of 
hydrogen  for  another  atom  at  room  temperature  is  so  large 
(ca.  80,000  cal.  per  g.  mol.)  that  immediate  combination  be- 
tween neighboring  atom  pairs  occurs,  resulting  in  the  formation 
of  molecular  hydrogen,  which,  however,  is  still  attached  to  the 
metal  by  each  atom,  a  hydrogen  molecule  occupying  two  ele- 
mentary spaces  on  the  metal  surface.  For  very  small  currents, 
in  rapidly  agitated  electrolytes  and  with  metals  which  do  not 
hold  the  molecules  very  firmly  it  will  be  evident  that  the  rate 
of  removal  of  the  gas  away  from  the  surface  by  evaporation 
may  quite  easily  approach  the  rate  of  supply  of  the  gas  ions, 
and  CO  overpotential  will  result.  On  the  other  hand,  if  a  mole- 
cule of  hydrogen  has  to  be  vaporized  before  two  empty  spaces 
are  left  on  the  metal  surface  for  the  gas  ions,  it  is  evident  that 
actual  work  has  to  be  done  by  the  gas  ions  in  vaporizing  the 
molecular  hydrogen.  Overpotential  is  thus  primarily  a  meas- 
ure of  ^e  energy  necessary  to  desotb  hydrogen  gas  from  a  metal 
surface.  Two  factors,  however,  permit  of  relatively  large  cur- 
rents being  passed  for  only  a  slight  overpotential;  one  is  the 
normal  evaporation  into  an  unsaturated  electrolyte,  similar  to 
the  so-called  diffusion  current,  and  the  other  is  the  tendency  to 
the  formation  of  bubbles.  The  hydrogen  molecules  attached  to 
the  metal  surface  are  not  at  rest  but  are  performing  highly  damped 
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oscillations,  and  if  the  adsorbing  forces  are  not  too  strong  mole- 
cules can  coalesce  to  form  small  bubbles,  especially  around 
small  points,  which,  as  has  already  been  pointed  out,  will  affect 
the  electrode  potential. 

We  should  therefore  exjjcct  bubble  size  to  be  an  important 
factor  in  the  ?)  value  when  the  energy  of  adsorption  per  gram 
molecule  is  small,  but  for  large  values  of  the  latent  heat  the  mole- 
cules are  less  mobile  and  bulibles  are  not  formed  so  easily,  con- 
sequently bubble  size  slioidd  have  but  a  small  influence  on  the 
overpotential.  Confirmation  of  this  deduction  was  obtained 
from  experiments  on  the  inlluence  of  temperature  on  overpo- 
tential which  are  detailed  later. 

The  desorption  theory  of  overpotential  is  also  supported 
from  another  point  of  view.  Calculation  from  Bohr's  theory"" 
of  the  structure  of  the  hydrogen  molecule  indicates  that  2000 
calories  per  gram  molecule  are  required  to  remove  an  electron  from 
one  atom  to  the  other  in  a  hydrogen  molecule,  which,  according 
to  the  theory  alluded  to  above,  is  the  critical  energy  increment 
of  the  activation  of  hydrogen  gas  in  free  space,  being  of  course 
less  than  that  necessary  for  the  formation  of  atomic  hydrogen, 
which  requires  another  increment  of  energy.  This  critical 
energy  increment  can  be  equated  to  the  electrical  energy  re- 
quired to  adsorb  a  gram-molecule  of  gas  from  an  electrode  siu'- 
face,  or. 


96,540  X  2 

4,2 


X  7,  =  2 1 ,000,  or  7,  =  0.4.55  volt 


It  follows  that  metals  having  ?i  values  equal  to  or  exceeding  0.455 
volt,  should,  if  used  as  catalysts  in  hydrogenation  processes, 
show  no  activity  since  the  energy  necessary  for  desorption  ex- 
ceeds that  necessary  for  the  activation  of  hydrogen  in  the  gas- 
eous state  in  the  absence  of  a  catalytic  material. 

It  may  be  noted  in  passing  that  electrolytic  reduction  with 
metals  possessing  i;  values  >  0.455  volt  should  be  able  to  effect 
the  reduction  of  substances  which  are  not  amenable  to  the 
catalytic  process,  further  that  no  metal  can  possess  an  over- 
potential  exceeding  the  value  for  which  the  energy  exceeds  that 
necessary  for  the  desorption  of  atomic  hydrogen  or 


96,540  X  2 
4.2 


X  i;  =  80,000  or  77  =  1 .  80  volts 


Metals  having  an  tj  value  less  than  0.455  volt  should  show  cat- 
alytic activity,  since  the  adsorbed  hydrogen  will  not  be  entirely 
immobilized;  and  the  catalytic  activity  should  increase  with 
decreasing  values  in  the  overpotential.  This  can  be  seen  from 
the  following  considerations: 

Imagine  a  hydrogen  molecule  oscillating  between  two  plane 
surfaces  situated  parallel  and  close  to  one  another,  one  plane 
surface  being  perfectly  reflecting,  and  the  other  adsorbent. 
Every  time  the  molecule  strikes  the  reflecting  surface  it  will 
be  returned  to  the  adsorbent  one.  Here  it  will  oscillate  in  the 
field  of  attraction  until  sufficient  time  elapses  for  it  to  acquire 
energy  by  impact  from  otlier  molecules  or  by  radiation  sufficient 
to  permit  of  oscillation  outside  the  range  of  attraction  and  regain 
the  other  surface  when  it  will  be  reflected  de  novo.  The  alteration 
of  the  energy  content  of  one  niolecide  with  the  time  is  analogous 
to  the  energy  distribution  among  a  number  of  molecules  at  any 
given  instant  according  to  Maxwell's  distribution  law.  It  is 
evident  that  if  the  energy  required  for  desorption  is  large,  or 
the  value  of  i;  high,  the  rate  of  interchange  will  be  small,  and  the 
converse  for  substances  possesses  a  small  desorption  energy. 
There  is  consequently  a  greater  opportunity  for  two  molecules 
of  different  reacting  species  to  become  adsorbed  in  juxtaposition 
to  one  another  and  so  react  than  in  the  former  case.  Further, 
the  rate  of  desorption  or  evaporation  of  the  products  of  the 
reaction,  which  frequently  governs  the  reaction  rate,  will  be  more 
rapid  if  the  latent  heat  is  small. 

The  following  figures  indicate  how  closely  the  catalytic  ac- 
tivity in  hydrogenation  processes  is  related  to  the  overpotential : 
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Palladium  {ri  =  0.23  to  0.46  volt)  has  also  a  marked  catalytic 
activity  in  certain  hydrogen-ion  processes,  while  Dewar  has 
shown  that  silver  (ii=0.05  to  0.15  volt)  occasionally  exhibits 
extraordinary    activity. 

According  to  Sabatier,  the  following  metals  are  inactive  in 
catalytic  hydrogenation  processes. 

"»  Phil.  Mag.,  26  (1913),  1.  476. 
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Overpotential  ij 
Metal  Volts 

Tin  0.43  to  0.53 

Lead  0.42  to  0.78 

Mercury  0.3.5  to  0.64 

Zinc  0.66  to  0.70 

It  will  be  noted  that  the  figures  given  for  the  overpotentials 
fluctuate  within  somewhat  wide  limits;  thus  difTerent  samples 
of  copper  may  give  values  within  the  ranges  0.03  and  0.36  volt. 
This  fact  is  in  perfect  accord  with  our  knowledge  of  the  varia- 
tion in  catalytic  activity  of  this  metal.  H.  S.  Taylor  and  the 
writer  have  shown  that  a  sample  of  ordinary  copper  wire  will 
only  appreciably  catalyze  the  combination  of  hydrogen  and  oxy- 
gen at  a  temperature  of  350°,  while  "active"  copper  produced  by 
alternate  oxidation  and  reduction  is  operative  at  70°  to  90°. 
Bright  platinum  f7)=0.09  volt)  is  ineffective  for  the  oxidation 
of  ammonia  to  nitric  oxide,  gray  platinum  f7)  =  0.06  volt)  is  ex- 
tremely active,  while  black  platinum  (?)  =  0.01  volt)  is  found  to 
be  much  too  active  for  this  conversion,  nitrogen  being  formed 
in  relatively  large  quantities. 

Experiment  has  shown  that  in  the  case  of  copper,  also,  there  is 
a  close  relationship  between  catalytic  activity  and  overpotential. 
It  appears  probable  that  these  fluctuations  in  catalytic  activity 
and  overpotential  in  the  same  metal  may  be  ascribed  to  the  same 
cause,  a  difference  in  the  surface  structure  of  the  metal.  Under 
the  microscope  these  differences  are  noted  usually  as  a  tran- 
sition from  a  crystalline  inactive  variety  to  a  powdery  amor- 
phous, occasionally  microcr>'stalline  active  variety.  The  crystal- 
line form  may  be  converted  into  the  active  variety  by  a  proc- 
ess of  continued  catalysis  or  by  the  continuous  liberation  of 
hydrogen  at  its  surface.  Metals  deposited  by  a  high  current 
density  are  more  active  and  possess  a  lower  overpotential  than 
those  deposited  under  normal  conditions,  an  indication  that  the 
elemental,  cubic  space  lattice  of  the  crystal  is  not  so  active  as 
residues  or  fragments  of  the  cubes  from  which  one  or  more  cor- 
ners may  be  missing.  In  electrodeposition  the  metallic  ions 
tend  to  build  up  on  the  active  form,  and  the  same  holds  true  for 
colloidal  materials  undergoing  cataphoretic  deposition.  This 
gives  an  explanation,  already  proposed  by  Bancroft,  for  the  forma- 
tion of  good  deposits  by  such  addition  agents,  and  readily  in- 
terprets Moller  and  Pring's  observations'"  that  a  colloidal  ad- 
dition agent  which  lowered  the  surface  tension  of  the  electro- 
lyte, and  according  to  the  bubble  theory,  should  lower  the  over- 
potential  also,  actually  raised  it.  The  colloidal  addition  agent 
is  deposited  on  the  active  areas  of  the  electrode,  leaving  the  less 
active  areas  exposed  to  function  as  the  electrode,  which  conse- 
quently acquires  a  higher  overpotential. 

Rideal  sums  up  his  paper  by  saying  that  overpotential  is  a 
measure  of  the  energy  required  for  the  dcsorption  of  hydrogen 
from  a  metallic  surface.  He  considers  that  metals  with  low 
heats  of  dcsorption  are  catalytically  active,  the  activity  increas- 
ing with  decreasing  overpotentials.  According  to  him  metals 
with  overpotentials  exceeding  0.455  volt  are  catalytically  inert 
and  no  metal  can  pos.sess  an  overvoltagc  exceeding  1.80  volts. 

Attempts  of  this  sort  are  to  be  welcomed;  but  this  particular 
one  does  not  seem  to  have  been  very  successful.  Rideal  is  com- 
paring overvoltage  at  room  temperature  with  catalytic  activity 
at  much  higher  temperatures — at  any  rate  so  far  as  Sabaticr's 
experiments  are  concerned.  He  includes  in  his  discussion  the 
oxidation  of  ammonia  by  platinum,  and  platinum  has  a  high 
oxygen  overvoltage.  He  postulates  that  a  low  heat  of  adsorption 
means  high  catalytic  activity  and  ignores  the  fact  that  the 
heat  of  adsorption  of  hydrogen  by  platinum  is  apparently  much 
higher  than  the  heat  of  adsorption  of  hydrogen  by  charcoal, 
although  the  catalytic  activity  of  platinum  for  hydrogenation  is 
much  greater  than  that  of  charcoal.  It  is  true  that  the  two  heats 
of  adsorption  were  determined  at  different  temperatures  and 
that  probably  neither  of  them  is  very  accurate;  but  the  data 
should  have  been  mentioned  and  explained  away  if  possible. 
Since  adsorption  and  dcsorption  are  dynamic  and  not  static 
phenomena,  it  is  not  clear  why  lead,  mercury,  and  zinc,  which 
have  overvoltages,  should  not  activate  hydrogen  to  some  extent. 

A  more  plausible  line  of  attack  would  seem  to  be  that  platinum 
catalyzes  the  reaction'"'  between  atomic  and  molecular  hydrogen; 
but  establishes  an  equilibrium  with  some  monatomic  hydrogen 

•"  J.  Chem.  Soc.  lOt  (1914),  712. 

'■>  Lewis  and  JacksoD,  Proc.  Am.  Acad.  Arts  Sci.A^  (1906),  412. 


remaining.  This  accounts  for  the  low  overvoltage'"  and  the 
distinct  activation.  Lead,  mercury,  and  zinc  do  not  catalyze 
the  reaction;  but  the  equilibrium  lies  entirely  at  the  stage  of 
molecular  hydrogen.  This  accounts  for  the  high  overvoltage 
and  the  low  catalytic  action.  The  other  metals  come  in  between 
these  two  extremes  and  at  higher  temperatures,  the  activating 
power  of  nickel  and  copper  for  hydrogen  becomes  greater  than 
that  of  platinum.  This  set  of  hypotheses  accounts  for  many  facts 
because  devised  for  that  purpose;  but  there  is  as  yet  no  indepen- 
dent proof.  According  to  this  point  of  view  there  is  no  necessary 
relation  between  overvoltage  and  catalytic  activity.  The  first 
depends  upon  the  slowness  with  which  equilibrium  is  reached 
and  the  second  on  the  point  at  which  equilibrium  is  reached, 
two  entirely  different  things.  l 

Fink"*  has  recently  done  some  very  interesting  work  involv-  1 
ing  electrolytic  contact  catalysis  for  which  no  satisfactory 
explanation  is  forthcoming  as  yet.  When  a  copper  sulfate  so- 
lution is  electrolyzed  with  an  insoluble  anode,  there  is  a  great  fall- 
ing off  of  current  eflicicncy  if  there  is  much  iron  in  the  solution"' 
because  the  ferrous  sulfate  is  oxidized  to  ferric  salt  at  the  anode 
and  reduced  back  at  the  cathode.  If  a  graphite  anode  is  used 
and  if  sulfur  dioxide  is  passed  into  the  cell,  the  ferric  sulfate  is 
reduced  rapidly  and  practically  completely  to  ferrous  sulfate,  '• 
presumably  according  to  the  equation  ] 

Fe:(SO<),  +  HsSOs  +  HjO  =  2FeS0,  +  2HjS04 

In  other  words,  the  oxidation  of  sulfurous  acid  to  sulfuric  acid 
takes  place  in  presence  of  ferric  ions.     The  graphite  is  also  es-        J 
sential  in  order  to  bring  about  a  rapid  oxidation  and  to  eliminate       I 
entirely  the  anodic  evolution  of  oxygen.     If  a  ferrosilicon  anode 
is  substituted  for  the  graphite  one,  the  evolution  of  oxygen  in- 
creases rapidly.     Neither  graphite  alone  nor  ferric  sulfate  alone 
will  affect  appreciably  the  rate  of  oxidation  of  sulfurous  acid  to-       i 
sulfuric  acid.     The  combined  effect  of  the  two  catalyzers  is       • 
necessary. 

At  this  point  it  may  be  well  to  refer  to  the  experiments  of  Ru- 
pert"" who  has  confirmed  and  extended  the  experiments  of 
Wigaud'"  on  oxyhydrogen  gas.  The  order  of  catalytic  action 
is:  palladium,  platinum,  cobalt,  gold;  silver,  copper,  lead, 
tin,  nickel,  iron,  chromium,  tungsten,  manganese,  aluminium, 
and  bismuth  have  practically  no  catalytic  action.  The  four 
metals  have  their  catalytic  action  increased  by  anodic  polariza- 
tion, the  magnitude  of  the  activities  of  the  metals  being  then  ap- 
proximately: Pd,  10,000;  Ft,  200;  Co,  10;  Au,  1.  There  are  at 
least  two  possible  explanations.  Rupert  inclines  to  the  view 
suggested  by  Marie"'  that  with  platinum  the  oxide  PtOj  has 
catalytic  power.  This  probably  means  alternate  reduction  and 
oxidation.  It  is  possible,  however,  that  we  have  reduction  and 
that  then  the  reaction  takes  place  at  the  interface  between 
platinum  and  the  oxide,  whatever  it  is.  Willstatter  and  Wald- 
schmidt-Leitz'"  have  shown  that  hydrogenation  with  platinum 
takes  place  more  readily  in  the  presence  than  in  the  absence  of 
oxygen.     They  consider  that  the  active  intermediate  stage  is 


H/      \(j 


or  some  derivative  of  this.     In  so  far  as  the  oxygen 


is  essential  to  the  hydrogenation,  anything  that  removes  the  j 
oxygen  will  act  as  a  poison  to  the  catalyst.  They  suggest  that  ■ 
glycerol  and  thiophene  act  in  this  way. 

"»  Bennett  and  Thompson,  J.  Phys.  Chcm.,  30  (1916),  296;    Bancroft, 
Ibid..  SO  (1910),  396.  1 

"*  Unpublished  work  reported  at  the  61st  Meeting  of  the  American  I 

Chemical  Society,  Rochester,  N.  Y.,  April  26  to  29,  1921.  ] 

">  Bell,  J.  Phys.  Chcm.,  7  (1903),  652;    Kern,  Trans.  Am.  EUclrochem. 
Soc,  SS  (1918).  83. 

"•  J.  A  m.  Chcm.  Soc.  42  (1920),  402. 

'"  Silzb.  Ccs.  Nalurwiss.  Marburg,  WOT,  33. 

lu  Com/)/,  rend.,  1«  (1907),  117;    146  (1908),  475;    J.    chim.  phys..  i. 
(1908),  596. 

">  Bcr.ti  (1921),  113. 
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Taylor  and  Neville  have  studied  the  effect  of  certain  catalytic 
agents  on  the  interaction  of  steam  and  carbon,  using  various 
forms  of  carbon.  The  interaction  of  carbon  dioxide  and  carbon 
is  accelerated  by  the  same  substances  which  accelerate  the  re- 
action between  steam  and  carlx)!!,  while  ferric  oxide  is  inef- 
fective with  both,  though  a  good  catalyst  for  the  water-gas  re- 
action. Adsorption  measureuKuts  show  that  suljstances  which 
accelerate  the  reaction  between  carbon  and  carbon  dioxide  and 
the  one  between  carbon  and  steam  increase  the  adsorption  of 
carbon  dioxide  by  charcoal. 

Displacement  ov  1v(juilidrium 

At  Johns  Hopkins  University.  Ueid  has  obtained  a  result  of 
extraordinary  importance  if  there  is  no  error  in  his  results.  He 
passed  equimolecular  volumes  of  alcohol  and  acetic  acid  over 
silica  gel  at  100°.  At  this  temperature  tlie  equilibrium  corre- 
sponds to  about  67  per  cent  formation  of  ethyl  acetate;  yet  for 
long  periods  a  yield  of  76  per  cent  and  over  was  obtained.  There 
is  nothing  theoretically  impossible  about  a  displacement  of 
equilibrium;""  but  this  is  the  first  bit  of  experimental  evidence 
to  that  effect  and  consequently  it  is  essential  that  this  result 
should  be  verified.  It  has  been  suggested  by  Mr.  Taylor  that 
equilibrium  may  not  be  reached  in  the  vapor  phase  at  the  same 
point  as  in  the  liquid  phase. 

Summary 

While  this  report  suggests  many  minor  problems  it  is  clear 
that  the  two  fundamental  things  to  be  done  next  in  the  study  of 
contact  catalysis  are : 

1 — To  determine  in  what  cases  definite  intermediate  com- 
pounds are  formed  and  what  they  are.'-' 

2 — To  determine  what  bonds  and  contravalences  are  opened 
when  adsorption  takes  place,  and  to  show  that  the  opening  of 
these  bonds  and  contravalences  accounts  for  the  formation  of 
the  reaction  products. '-- 

Appendix 

This  conception  of  contact  catalysis  takes  out  the  mystery  and 
makes  it  clearly  a  special  case  in  the  general  problem  of  non- 
electrolytic  reactions.  The  precipitation  of  barium  sulfate, 
for  instance,  from  mixed  solutions  of  barium  chloride  and  sodium 
sulfate  is  apparently  quite  simple  theoretically.  The  barium 
ions  and  the  sulfate  ions  are  the  active  masses  and  they  combine 
■with  neutralization  of  the  charges  and  precipitation  of  the 
sparingly  soluble  barium  sulfate.  There  are  not  necessarily  any 
intermediate  stages  so  far  as  we  see  now.  Supposing  we  take 
the  reaction  between  quicklime  and  water  vapor  as  a  somewhat 
more  complicated  case.     Both  are  saturated  compounds  in  the 

'-''  J.  J.  Thomson,  "Applications  of  Dynamics  to  Physics  and  Chemis- 
try." 1S88,  203,  234;  Bancroft,  J.  Phys.  Chem.,  21  (1917),  580;  32  (1918), 
433. 

'^'  Mr.  Bray  believes  that  this  is  a  practical  impossibility  in  most 
cases.  "We  can  prove  in  many  of  these  cases  that  a  given  substance  is 
a  possible  intermediate  step,  or  that  two  reactions,  such  as  the  reduc- 
tion of  an  oxide  catalyst  by  carbon  monoxide  alone  and  the  reoxidation 
by  oxygen  alone,  take  place  sufEciently  rapidly  to  account  for  the  catalysis. 
In  general,  however,  we  cannot  prove  that  in  the  actual  catalysis  this  defi- 
nite compound  is  the  actual  intermediate  state,  or  that  the  two  definite 
reactions  postulated  actually  take  place.  Any  set  of  intermediate  reactions 
that  can  take  place  more  quickly  will  do  so  and  will  be  the  actual  mechanism. 

"In  spite  of  this  difficulty,  the  chemical  theory  of  catalysis  seems  to 
me  to  be  a  very  powerful  weapon.  We  can  often  use  it  even  now  in  selecting 
the  most  probable  catalysts  for  a  given  reaction.  The  difficulty  seems 
less  serious  if  we  admit  that  there  is  usually  no  fundamental  difference 
(as  far  as  catalysis  is  concerned)  between  definite  and  indefinite  interme- 
diate compounds." 

Mr.  Bray  suggests  the  alternate  form:  "To  determine  what  compounds, 
definite  or  indefinite,  may  be  possible  intermediate  steps." 

'"  Mr.  Bray  suggests  that  the  Lewis  theory  of  valence  will  be  useful 
here  for  "if  we  stress  the  idea  that,  in  general,  a  bond  consists  of  two  elec- 
trons held  jointly  by  the  two  atoms  in  question,  we  have  a  theory  that 
applies  equally  well  to  the  definite  and  indefinite  compounds." 


ordinary  sense  of  the  term  and  they  react  to  form  calcium  hy- 
droxide. In  order  for  these  to  react,  some  regular  bonds  must 
break  or  some  contravalences  must  open  up.  Does  water  vapor 
contain  infinitesimal  ([uautities  of  hydroxyl  and  monatomic  hy- 
drogen, either  electrically  charged  or  not  and  do  these  react 
with  the  quicklime?  Does  the  oxygen  of  the  water,  of  the 
lime,  or  of  both  become  quadrivalent  and  then  react,  or  does  one 
of  the  bonds  between  the  calcium  and  the  oxygen  break,  forming 
-Ca-0-?  We  have  seen  that,  under  the  influence  of  light, 
oxygen  may  oxidize  dyes  or  that  dyes  may  reduce  oxygen, 
and  that  the  two  cases  are  not  identical.  Should  we  say  that 
lime  reacts  with  water,  water  with  lime,  or  does  each  react  si- 
multaneously with  the  other? 

The  case  of  lime  and  water  is  probably  not  an  easy  one  to 
study  experimentally  because  of  the  great  difficulty  in  deter- 
mining the  intermediate  stages  and  it  will  probably  be  wiser, 
just  as  in  contact  catalysis,  to  study  organic  reactions.  When 
two  saturated  organic  compotmds  react,  one  preliminary  stage 
must  be  cither  a  dissociation  of  one  or  both  of  the  reacting  sub- 
stances with  the  breaking  of  regular  bonds,  or  the  formation  of  an 
addition  compound  with  subsequent  rearrangement.  The  forma- 
tion of  an  addition  compound  will  often,  though  not  necessarily, 
involve  the  opening  of  contravalences.  In  this  country  Nef 
was  the  great  proponent  of  the  dissociation  hypothesis  and 
Michael  is  of  the  addition  hypothesis.  Both  men  could  not  be 
right  and  nobody  knows  to  what  extent  either  is  right.  Fry  be- 
longs to  Nef 's  school ;  but  he  insists  that  all  compounds  are  polar, 
an  assumption  which  is  not  accepted  by  G.  N.  Lewis,  for  instance. 
Langmuir  has  shown  that  at  high  temperatures  hydrogen  dis- 
sociates to  electrically  neutral,  monatomic  hydrogen,  which  is 
a  very  reactive  substance.  That  does  not  preclude  the  inter- 
mediate formation  of  positively  and  negatively  charged  mona- 
tomic hydrogen;  but  it  makes  it  possible  that  reductions  by 
hydrogen  gas  are  not  ion  reactions.  As  has  been  stated  in  the 
body  of  the  report,  Baly  in  England  has  been  working  at  the 
general  problem  of  activation;  but  it  is  of  such  fundamental 
importance  that  every  chemist  in  the  world,  and  especially 
every  organic  chemist,  should  be  keeping  it  in  mind  so  as  to  be 
ready  to  do  his  share  toward  the  solution. 

The  first  thing  to  be  done  is  for  somebody  to  go  over  the  work 
of  Nef,  Michael,  and  their  successors  critically,  so  as  to  deter- 
mine just  what  facts  have  been  established,  and  what  is  needed 
to  fill  in  the  gaps.  It  is  probable  that  it  would  then  be  possible 
to  formulate  some  general  conclusions  which  would  be  of  as- 
sistance to  the  organic  chemists. 

A  second  line  of  attack  is  through  photochemistry.  We 
know  that  only  that  light  which  is  absorbed  can  produce  chem- 
ical reactions  and  we  also  know  that,  of  two  absorptions  bands, 
the  light  corresponding  to  one  may  be  much  more  effective  in 
causing  a  reaction  than  the  other.  We  do  not  know,  however, 
whether  in  these  cases  the  light  corresponding  to  the  second 
band  is  less  effective  in  activating  the  substance  in  the  same 
way  or  whether  the  less  effective  light  tends  to  produce  an 
entirely  different  reaction.  Suppose,  for  instance,  we  mordant 
a  basic  dye  with  a  substantive  dye  of  a  different  color.  Light 
of  one  wave  length  will  make  the  basic  dye  oxidize  more  readily 
and  light  of  another  wave  length  the  substantive  dye.  In  the 
case  of  dyes  we  can  locate  the  absorption  band  with  reference  to 
certain  chromophoric  groups  with  some  degree  of  accuracy; 
but  there  is  very  little  known  in  general  in  regard  to  absorption 
bands  and  particular  bonds  in  the  molecule.  It  might  be  pos- 
sible, for  instance,  to  start  with  monochlorobenzene  and  to  con- 
vert it  practically  completely  into  the  o-,  m-,  or  p-dichloro  com- 
pounds as  desired,  by  the  use  of  proper  wave  lengths  in  con- 
nection with  a  chlorine  carrier.  The  formation  of  methyl 
mercuric  iodide  in  sunlight  seems  to  involve  the  dissociation 
of  methyl  iodide  into  methyl  and  monatomic  iodine,  both  of 
which  then  react  with  mercury;   but  nobody  has  shown  definitely 
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that  the  activating  wave  lengths  are  or  are  not  those  which  are 
adsorbed  by  methyl  iodide. 

A  third  line  of  attack  is  through  contact  catalysis  as  indicated 
in  this  report.  It  was  originally  planned  to  postpone  the  dis- 
cussion of  the  general  problem  until  the  second  report  of  the 


Committee;  but  the  problem  as  a  whole  is  so  much  larger  than 
the  contact  catalysis  part  that  it  seems  wiser  for  the  Committee 
on  Contact  Catalysis  to  stick  to  its  own  job  and  to  turn  the  larger 
problem  over  to  a  committee  to  be  selected  with  special  reference 
to  the  work  to  be  done. 


Early  References   Pertaining  to 
Chemical  Warfare' 

By  C.  A.  Browne 
SO  South  St.,  New  York,  X.  Y. 

AMONG  recent  discussions  in  European  chemical  journals 
at  the  present  time  is  a  dispute  as  to  whether  the  prop- 
osition to  use  poison  gases  as  a  weapon  of  attack  origi- 
nated with  civilians  or  with  the  military  authorities.  According 
to  a  statement  by  Professor  Haber,  no  one  in  the  German  army 
either  previous  to  the  recent  war  or  during  the  first  months  of 
the  conflict  had  conceived  the  idea  of  using  poison  gas  or  had 
made  experiments  for  such  a  purpose.  This  statement,  which 
Sir  Edward  Thorpe  accepts  as  true  in  a  recent  issue  of  the 
Journal  of  the  Society  of  Chemical  Industry,'  would  seem  to  give 
the  credit  or  blame  for  the  idea  to  persons  not  in  the  military 
service.  If  this  view  is  correct  it  simply  repeats  what  has 
taken  place  in  the  history  of  chemical  warfare  from  the  time  of 
the  invention  of  Greek  fire  down  to  the  present  day.  A  few 
references  in  confirmation  of  this  will  be  cited. 

The  first  reference  is  from  Wemyss  Reid's  "Memoirs  and  Cor- 
respondence of  Lyon  Playfair."'  Lord  Playfair,  who  studied 
under  Liebig  at  Giessen,  writes  thus  in  connection  with  his  work 
of  organizing  the  Department  of  Science  at  the  Royal  College: 

It  was  fortunate  that  the  Department  of  Science  and  Art  was 
founded  in  1853,  because  the  Crimean  War  broke  out  in  the  fol- 
lowing year  and  heavily  taxed  the  country.  At  the  beginning 
of  the  war  I  WTote  a  letter  to  the  Prince  Consort  which  he  for- 
warded to  the  Master  of  the  Ordnance,  suggesting  one  or  two 
applications  of  science  to  the  purposes  of  war.  One  was  a  hollow, 
brittle  shell  containing  phosphorus  dissolved  in  bisulphide  of 
carbon  for  the  purpose  of  producing  conflagration  of  the  enemy's 
stores  or  property.  The  shell  contained  antimony,  so  as  to  make 
it  break  on  a  hard  surface.  It  then  scattered  the  liquid  over 
the  objects  to  be  burned,  and  each  drop,  on  drying,  started  a 
new  center  of  conllagration.  As  the  fumes  of  phosphorus  are 
apt  to  put  out  their  own  flame,  a  little  beeswax  or  petroleum 
was  added  to  prevent  this.  The  Ordnance  Department  reported 
against  this  proposal,  and  I  did  not  care  to  push  it  further; 
but  ten  years  later  the  plan  with  exactly  the  same  materials  was 
adopted,  and  the  inventor,  who  was  an  officer,  received  promo- 
tion, and  I  think  a  decoration.  The  Fenians  have  lately  used 
this  method  of  setting  property  on  fire,  and  tried  its  effect  on  one 
of  the  Cunard  ships. 

The  other  proposal  in  my  letter  was  to  have  a  hollow,  brittle 
shell  containing  cyanide  of  cacodyl.  This  is  an  intensely  poi- 
sonous substance,  a  few  drops  of  which  in  a  room  would  poison 
the  occupants.  Such  a  shell  going  between  decks  of  a  ship 
would  render  the  atmosphere  irrespirable,  and  poison  the  men 
if  they  remained  at  the  guns.  This  suggestion  was  considered 
inadmissible  by  the  military  authorities,  who  stated  that  it 
would  be  as  bad  a  mode  of  warfare  as  poisoning  the  wells  of  the 
enemy.  There  was  no  sense  in  this  objection.  It  is  considered  a 
legitimate  mode  of  warfare  to  fill  shells  with  molten  metal  which 
scatters  among  the  enemy,  and  produces  the  most  frightful 
modes  of  death.  Why  a  poisonous  vapor  which  would  kill  men 
withcnit  suffering  is  to  be  considered  illegitimate  warfare  is  in- 
comprehensible. War  is  destruction,  and  the  more  destructive 
it  can  be  made  with  the  least  suffering  the  sooner  will  be  ended 
that  barbarous  method  of  protecting  national  rights.     No  doubt 

■  Read  by  title  before  the  Section  of  History  of  Chemistry  at  the  f..3r(l 
Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7, 
1922. 

>  /.  Soc.Chcm.  Ind.,  41  (1922),  4.1r. 

>  Harper  and  Bros.,  New  York,  1899,  159. 


in  time  chemistry  will  be  used  to  lessen  the  sufferings  of  com- 
batants, and  even  of  criminals  condemned  to  death.  Hanging  is 
a  rehc  of  barbarism,  because  criminals  might  be  put  to  death 
without  physical  torture. 

An  earlier  reference  to  the  use  of  phosphorus  in  incendiary 
bombs,  than  that  proposed  by  Playfair,  is  contained  in  the  un- 
published reminiscences  of  Benjamin  Silliman,  Sr.,  preserved  in 
the  library  of  Yale  University.  SilUman  worked  in  1806  in  the 
laboratory  of  Frederick  Accum  in  London  and  in  his  reminis- 
cences of  this  celebrated  chemist  narrates  the  following: 

Accum  assured  me  that  he  had  been  employed  by  the  govern- 
ment to  contrive  .some  infernal  machination  with  which  to  blow 
up  and  bum  the  French  Flotilla  then  assembled  at  Bologne  for 
the  invasion  of  England.  He  accordingly  arranged  phos- 
phorus and  chlorate  of  potassa  in  contiguous  divisions  of  tin 
canisters.  These  were  to  be  projected  upon  the  flotilla  and  the 
contrivance  was  such  as  to  mingle,  in  the  act  of  discharge,  these 
most  explosive  materials  which  if  once  in  contact  with  the 
ships  would  destroy  them  by  explosion  and  by  a  fearful  com- 
bustion which  nothing  but  submersion  could  extinguish.  Hap- 
pily the  project  failed — the  canisters  exploded  in  the  air  short  of 
their  object  and  as  the  flotilla  never  left  the  harbor  all  was  well 
in  the  end — while  Trafalgar  dissipated  the  dream  of  French 
invasion. 

Those  who  have  read  Lippmann's*  "Essay  upon  the  History 
of  Gunpowder"  or  Hime's  book  upon  this  subject  will  recall  that 
the  introduction  of  gunpowder  to  European  nations  was  due 
largely  to  Roger  Bacon,  who  was  a  friar,  and  to  Albertus  Magnus, 
who  was  a  bishop.  Bacon  spoke  of  it  as  composed  of  "salis 
petrae,  lura  nope  cum  iirbe  el  sulphuris,"  the  words  lura  nope  cum 
iirbe  being  the  anagram  for  carbonum  pulvcre  or  powdered  char- 
coal. It  is  strange  that  Bacon  should  have  used  an  anagram  to 
conceal  the  most  common  of  the  ingredients.  Gunpowder 
was  known  to  the  Arabs  and  Byzantine  Greeks  who  used  it  for 
rockets,  fire  balls,  and  pyrotechnics,  but  not  for  loading  fire- 
arms. Its  use  for  the  latter  purpose  was  the  discovery  of  Ber- 
thold  Schwarz,  a  German  monk,  shortly  before  the  year  1300. 

The  flame  projectors  used  in  the  recent  war  do  not  seem  to  have 
created  half  the  terrifying  effect  produced  by  the  dragon-mouthed 
siphons  which  ejected  the  liquid  fire  invented  by  the  old  Greek 
architect  Callinicus  in  G78  A.  D.  The  composition  of  this  Greek 
fire  was  a  secret  jealously  guarded  by  the  Emperors  of  Constan- 
tinople for  many  centuries,  but  it  is  now  supposed  to  have  con- 
tained naphtha  and  quicklime  as  its  principle  ingredients,  with 
a  certain  amount  of  sulfur  and  pitch.  This  mixture,  it  is  stated, 
when  wet  with  water  evolves  so  much  heat  from  the  action  of 
the  lime  that  the  naphtha  and  other  ingredients  are  ignited.  . 

It  is  thus  seen  that  what  a  Greek  architect  and  several  monks 
in  the  middle  ages  accomplished  in  the  way  of  contributions  to 
warfare  has  been  continued  in  more  recent  times  by  the  chem- 
ists. The  arts  of  piety  and  peace  have  thus  helped  to  increase 
as  well  as  to  mollify  the  horrors  of  war.  Generals,  grand  mar- 
shals and  the  mihtary  class,  as  a  whole,  have  contributed  little 
or  nothing  in  the  way  of  great  discoveries  or  inventions  in  warfare. 
In  the  cases  where  they  do  claim  credit  for  such  a  discovery 
it  usually  turns  out,  as  in  the  incident  cited  by  the  chemist  Play- 
fair, where  an  officer  was  decorated  and  promoted  for  a  proposal 
which  Playfair  himself  had  made  ten  years  before.  Thus  again  is 
verified  the  old  saying  that  the  professional  militarist  is  not 
only  the  most  brutal  but  the  most  stupid  of  mankind! 
'  "Abh.nndlungen  und  Vorlrage,"  1906,  Vol.  1,  12,i. 
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Study  of  Chrinical  En^-ineerin^  by  the  rnit-Operation 

Method' 


School  of  Cm; 


By  W.  K.  Lewis. and  R.  T.  Haslam 
i:noisi!i!kino  I'ractici;.  Massaciiusbtts  Institute  op  Technology,  Camdrioge,  Massachusetts 


The  School  of  Chemical  Engineering  Practice,  as  established  by 
the  Massachusetts  Institute  o/  Technology,  gives  the  student  practice 
in  applying  previously  learned  theory  to  the  "unit  operations" 
into  which  the  field  of  chemical  engineering  is  divided.  The  two 
primary  unit  operations  are  flow  of  fluids  and  flow  of  heal,  while 
the  secondary  unit  operations  are  evaporation,  distillation,  filtration, 
extraction,  combustion,  drying,  etc.  It  is  felt  that  not  only  is  it 
necessary  for  the  student  to  have  a  k.nowledge  of  the  fundamentals  of 
the  science  but  that  he  also  must  have  training  in  the  use  of  this  /knowl- 
edge. Instruction  in  the  appliculion  of  t^nowledge  is  effectively 
given  by  using  industrial  plants  as  laboratories  of  chemical  engineer- 
ing, since  the  worl^  is  not  stereoUtpcd  and  may  be  made  to  develop 
resourcefulness  and  judgment  in  the  student. 

BKFORK  consuleriug  the  study  of  chemical  engineering  by 
the  unit-operation  method  as  carried  out  in  the  Scliool 
of  Chemical  Knginecriiii;  Practice  of  the  Massachusetts 
Institute  of  Technology,  it  will  be  necessary  to  give  a  brief 
description'  of  this  School,  together  with  the  methods  employed 
in  teaching  chemical  engineering  by  experimental  work  on  full 
scale   operating   equipment. 

ScHooi,  OF  Chemical  Engin'eering  Practice 

At  three  industrial  centers,  the  Massachusetts  Institute  of 
Technology  has  established  field  stations  of  the  School  of  Chemi- 
cal lingincering  Practice,  each  station  having  access  to  t^o  or 
more  industrial  chemical  plants.  Here  the  student  studies  the 
practice  of  his  profession  and  carries  out  quantitative  tests  on 
the  process  and  equipment  to  determine  their  efficiency  and  how 
they  may  be  improved.  As  the  attendance  is  limited,  there  are 
never  more  than  twelve  students  at  a  time  at  one  station  and 
these  men  are  under  close  supervision  of  a  member  of  the  Insti- 
tute Faculty  and  his  assistant  who  devote  their  entire  time  to 
the  educational  work  of  the  station.  After  graduating  from  the 
usual  four-year  course  at  the  Institute  or  any  other  school  of 
recognized  standing  and  therefore  being  well  grotmded  in  the 
principles  of  general  inorganic  and  organic  chemistry,  analytical 
chemistry,  physical  chemistry,  and  chemical  engineering,  the 
student  spends  six  months  in  the  School  of  Chemical  Engineer- 
ing Practice,  where  the  work  is  confined  to  teaching  him  how  to 
use  this  knowledge  in  the  plant.  By  means  of  experimental 
work  on  full  scale  equipment  and  the  application  or  comparison 
of  theory  and  practice  there  are  fixed  more  firmly  in  the  student's 
mind  the  fundamental  factors  of  chemical  engineering  and  this 
knowledge  is  rendered  more  available  for  future  use.  Although 
the  plants  which  cooperate  with  the  Institute  cover  a  wide 
field  of  industrial  chemical  processes,  namely,  the  manufacture  of 
sulfite  and  soda  pulp,  writing-paper,  caustic  soda,  chlorine,  heavy 
chemicals  and  acids,  rubber,  sugar,  iron,  steel,  gas,  coke,  benzene, 
ammonia,  soap,  etc.,  the  majority  of  the  time  in  the  Practice 
School  is  not  spent  on  the  study  of  industrial  chemistry  but  on 
the  study  of  chemical  engineering  which  the  manufacture  of  these 
materials  illustrates. 

Primary  and  Secondary  Operations 

The  field  of  chemical  engineering  has  been  divided  into  unit 

'  Presented  before  the  Section  of  Chemical  Education  at  the  63rd  Meet- 
ing of  the  American  Chemical  Society,  Birmingham,  .\la.,  April  3  to  7,  1922. 

'  For  a  more  complete  description  of  the  School  of  Chemical  Engineer- 
ing Practice  see  Tms  Journai..  13  (1921\  465:  9  (1917),  1087. 


operations  and  the  particular  industries  cooperating  in  the  work 
have  been  so  chosen  that  in  them  we  find  numerous  examples  of 
each.  A  list  of  these  unit  operations  may  be  found  in  This 
Journal,-  although  this  list  has  been  slightly  enlarged  and 
modified  during  the  past  year.  The  two  basic  or  primary  unit 
operations  are,  first,  the  flow  of  fluids  (liquids  and  gases)  and, 
second,  the  flow  of  energy,  usually  in  the  form  of  heat.  Those 
secondary  unit  operations  which  are  of  next  importance  are 
evaporation,  distillation,  drying,  combustion,  filtration,  extrac- 
tion, etc. 

Broad  Scope  or  the  Primary  Unit  Operations 

The  primary  unit  operations,  flow  of  fluids  and  flow  of  heat, 
are  of  utmost  importance  to  every  chemical  engineer.  They 
provide  the  means  for  carrying  out  or  controlling  almost  all  in- 
dustrial chemical  processes  since  the  rate  of  reaction,  the  yield 
and  the  efficiency  of  a  process  are  usually  regulated  by  the  rate 
at  which  material  or  heat  energy  is  put  into  or  taken  away  from 
the  system.  Furthermore,  a  study  of  the  remaining  unit  opera- 
tions is  dependent  on  a  knowledge  of  these  two  primary  unit 
operations.  E.xamination,  in  detail,  of  two  of  the  secondary 
unit  operations  reveals  the  intimate  part  the  two  primary  unit 
operations  play. 

Consider  distillation  and  fractionation.  Heat  has  to  be  sup- 
plied to  the  wall  of  the  still,  passed  by  conduction  through  the 
walls  of  the  still  itself  and  into  the  liquid  which  is  being  distilled. 
The  vapor  from  the  boiling  liquid  passes  up  through  the  fraction- 
ating column  and  the  liquid  reflux  passes  down  on  the  absorption 
of  the  right  amoimt  of  heat  which  must  pass  serially  through  the 
condensing  vapor  film,  through  the  material  of  the  condenser 
itself,  and  finally  through  the  film  of  the  cooling  fluid  on  the  out- 
side. Later,  the  final  distillate  must  be  completely  condensed 
by  another  similar  process  of  heat  absorption.  Throughout 
the  entire  process  of  distillation  and  fractionation  an  exact 
knowledge  of  the  flow  of  fluids  and  the  transfer  of  heat  energy  is, 
therefore,  indispensable.  This  is  even  more  emphasized  when 
we  consider  the  fact  that  any  quantitative  study  of  distillation 
depends  on  suitably  equating  the  material  and  heat  input  with 
output. 

Again,  consider  the  secondary  unit  operation  of  drying,  and, 
in  particular,  a  subdivision  of  this  operation,  air-drying.  Air 
has  to  be  forced  through  a  heater  in  order  to  pick  up  the  right 
amoimt  of  heat  to  dry  the  material  properly,  the  heated  air  is 
passed  over  the  material  to  be  dried,  the  water  in  the  wet  mate- 
rial is  evaporated  by  the  heat  in  the  air,  and  the  moistin-e  must  be 
carried  out  of  the  dryer  by  the  outgoing  air.  The  power  required 
to  force  the  air  through  the  system  increases  with  increased 
velocity  of  the  air,  but  the  cost  of  this  is  ofi^set  by  the  fact  that 
increased  air  velocity  aids  in  the  transfer  of  heat  from  the  heater 
to  the  air  and  also  aids  in  the  rate  at  which  water  is  evaporated 
from  the  wet  stock.  Therefore,  it  is  seen  that  both  the  design 
of  an  economical  air-drying  apparatus  and  its  control  (either  from 
the  standpoint  of  quality  or  quantity  of  output)  depends  on  a 
thorough  knowledge  of  the  flow  of  fluids  and  the  flow  of  heat. 
So  with  the  other  unit  operations  of  chemical  engineering,  each 
may  be  analyzed  and  a  proper  understanding  of  all  will  be  found 
to  depend  to  a  considerable  extent  on  a  thorough  knowledge  of 
the  two  primary  unit  operations,  the  flow  of  fluids  and  the  flow 
of  heat. 
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CLA.SSROOM  Training  in  the  Unit  Operations 
As  stated  above,  before  the  student  enters  the  Practice  School, 
he  must  be  well  grounded  on  the  theoretical  side  of  both  the 
primary  and  the  more  important  secondary  unit  operations. 
This  is  accomplished  at  the  Institute  by  means  of  a  course  ex- 
tending throughout  the  senior  year  in  which  these  subjects  are 
treated  in  a  quantitative,  mathematical  way  by  means  of  lec- 
tures, recitations,  and  home  problems.  The  numerous  problems 
are  broad  in  scope  and  tax  the  student's  imagination  and  judg- 
ment, giving  him  practice  in  the  quantitative  application  of  the 
laws  and  principles  taken  up  in  lecture  and  recitation.  The 
instruction  along  these  lines  is  thorough  and  exhaustive,  but  as 
in  any  recitation  and  problem  course  most  of  the  necessarj'  data 
must  be  supplied  by  the  instructor,  and,  furthermore,  there  is  a 
limit  beyond  which  it  is  difficult  for  the  average  student  to  go 
without  corresponding  personal  experimentation.  Therefore, 
after  the  student  has  completed  his  four-year  undergraduate 
course  in  Chemical  Engineering  which  includes  the  above  lecture, 
recitation,  and  problem  work,  and  for  the  completion  of  which 
he  receives  the  degree  of  Bachelor  of  Science,  he  then  may  elect 
to  go  into  the  School  of  Chemical  Engineering  Practice,  where 
he  carries  out  personal  experimentation  in  the  various  unit 
operations  of  chemical  engineering. 

Experimental  Work  in  the  Unit  Operations  ok  Chemical 
Engineering 

During  the  first  week  or  so  at  each  station  in  the  School  of 
Chemical  Engineering  Practice,  the  student  examines  in  detail 
the  plant  layout,  construction,  and  methods  of  manufacture. 
He  correlates  his  efforts  along  these  lines  by  making  up  a  flow- 
sheet of  the  process  or  by  writing  a  complete  report.  Flow- 
sheets are  made  by  the  student  when  the  sequence  of  operation, 
plant  layout,  method  of  handling  materials  are  important;  a 
report  of  his  detailed  study  is  made  when  construction  methods 
and  the  materials  of  construction  are  more  important.  After 
the  student  has  been  made  familiar  with  the  particular  plant  and 
process,  he  is  ready  for  his  unit  operation  experimental  work. 

The  first  experimental  work  is  usually  carried  out  by  the  en- 
tire group  at  a  given  station  (from  six  to  twelve  students). 
In  this  way,  the  student  quickly  learns  how  to  organize  his  plant 
experimental  work,  how  to  attack  a  plant  problem,  and  comes  to 
appreciate  the  difficulties  of  plant  research  and  some  of  the 
precautions  that  must  be  observed  to  obtain  reliable  figures. 
After  two  or  three  "group  tests"  he  is  allowed  to  choose  individ- 
ual "plant  investigations"  in  the  various  fields  of  the  unit  opera- 
tions. It  should  be  pointed  out  that  in  all  this  experimental 
work  in  the  plant  the  Director  of  the  station  endeavors  to  throw 
on  the  student  the  entire  burden  of  designing  the  test,  carrying 
it  out,  and  working  up  the  results.  Some  men,  owing  either  to 
ability  or  maturity  of  judgment,  are  better  able  to  decide  what 
data  should  be  obtained  and  how,  and  the  significance  of  poor 
results,  while  others  with  less  ability  along  these  lines  have  to 
be  aided  to  a  greater  extent  by  the  station's  staff.  Such  indi- 
vidual attention  is  possible,  since  the  average  number  of  students 
at  a  station  is  about  ten.  In  the  period  of  eight  weeks  which  the 
student  spends  at  a  station,  he  carries  out  experimental  work  in 
each  of  the  unit  operations  assigned  to  that  station,  and  he  then 
proceeds  in  a  like  manner  to  the  next  two  stations,  thus  in  twenty- 
four  weeks  carrying  out  experimental  work  in  all  the  more  im- 
portant unit  operations  under  plant  conditions,  such  as  exist  in 
seven  large  chemical  industries. 

In  all  this  experimental  work,  it  should  be  emphasized  that  the 
underlying  motive  is  the  application  of  theory,  as  developed  in 
the  classroom,  to  practice,, or  a  comparison  of  calculated  with 
observed  results.  Since  the  function  of  engineers  is  to  apply 
science  to  industry,  it  is  necessary  in  the  training  of  engineers 
to  do  two  things:  first,  teach  them  the  fundamentals  of  their 
science,  and,  second,  teach  them  how  to  apply  it.     Too  often  the 


second  function  has  been  ignored  and  the  assumption  made  that 
if  a  student  knew  the  fundamentals  he  could  find  out  by  expe- 
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rience  how  to  apply  them.  Not  only  is  this  incorrect,  but  it  is 
usually  true  that  it  is  much  easitr  for  the  average  student  to 
ahsoti)  knowledge  than  it  is  for  him  to  apply  it. 

Experimentations  in  Plant  vs.  Experimentation 
IN  Laboratories 

Here  the  question  might  well  be  raised  why  plant  experimental 
work  is  considered  necessary  and  why  we  are  not  content  to  have 
the  student  carr>'  out  experimental  work  on  a  laboratory  scale 
only.  Consider  the  primary  unit  operation,  flow  of  fluids.  It 
is  easily  possible  to  arrange  a  series  of  laboratory  experiments 
measuring  the  flow  of  gas  and  liquid  streams  by  means  of  ori- 
fices, pitot  tubes,  etc.,  and  from  such  work  the  student  obtains 
information  and  training  of  much  value.  However,  the  labora- 
tory apparatus  is  practically  all  set  up  for  him,  even  the  location 
at  which  the  orifice  or  pitot  tube  must  be  inserted  is  evident  from 
an  inspection  of  the  equipment,  and  the  student  has  no  oppor- 
tunity either  to  design  his  test  or  to  exercise  any  judgment  as  to 
the  most  suitable  method.  He  does  nol  decide  what  instrument 
or  what  particular  point  for  measurement  is  best  suited,  nor  does 
he  develop  the  resourcefulness  necessary  to  obtain  this  measure- 
ment under  plant  conditions  of  inaccessibility  and  continuity 
of  production. 

The  particular  example  of  experimentation  just  given  is  of  the 
simplest  sort  and  such  work  can  be  made  much  more  eiTective 
in  technical  laboratories  than  experimental  work  in  the  more 
complicated  unit  operations.  As  carried  out  in  the  School  of 
Chemical  lingineering  Practice,  the  student  would  meet  the 
above  problem  as  a  subdivision  of  a  larger  problem,  and  his  first 
decision  would  be  that  this  particular  stream  of  material  had  to 
be  measured  in  order  to  obtain  necessary  data  for  the  main 
problem.  Next  he  would  have  to  decide  on  his  method  of  meas- 
urement, taking  into  consideration  the  accuracy  needed  in  con- 
nection with  the  problem,  as  a  whole,  and  how  the  apparatus 
could  be  installed  to  give  satisfactory  results  without  seriously 
interfering  with  plant  production.     In   plant  experimentation. 
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conditions  are  such  that  the  student  develops  technical  judgment 
and  mental  resourcefulness,  whereas  in  the  chemical  engineering 
laboratory  the  experimental  (lilVicuIties  are  much  less  and  fail 
to  develop  the  student  properly.  Furthermore,  the  student  has 
to  lind  out  for  himself  at  some  later  date  the  ditTiculties  of  re- 
peating his  laboratory  methods  in  the  plant  and  how  to  work 
effectively  under  such  changed  conditions.  Many  other  points, 
such  as  cost  of  equipment  and  cost  of  operating  such  equipment, 
might  be  brought  up  against  confining  the  chemical  engineer's 
training  to  class  and  laboratory  work,  but  we  believe  a  sufficient 
numl)er  of  points  have  been  brought  out  to  show  the  superior 
effectiveness  of  plant  experimentation. 

Illustrations  op  Experimental  Methods  and  Results 

Having  seen  how  the  field  of  chemical  engineering  has  been 
subdivided  and  the  general  method  by  which  the  students  attack 
plant  research  problems,  a  few  details  and  illustrative  results  on 
several  of  the  unit  operations  may  be  of  interest. 

combustion — In  view  of  the  wide  use  and  importance  of  fuels 
in  all  industries,  considerable  attention  is  given  to  the  study  of 
the  secondary  unit  operation  combustion.  In  the  Practice 
School  many  facilities  are  available  for  studying  this  important 
phase  of  chemical  engineering,  consisting  of  hand  and  stoker 
fired  boilers  burning  coal,  coke  breeze,  fuel  oil,  blast  furnace  gas 
and  wood  waste,  open-hearth  furnaces  and  soaking  pits  burning 
producer  gas  generated  in  numerous  types  of  producers,  coke 
ovens  burning  coke  oven  gas,  rotary  kilns  using  powdered  coal, 
etc.  This  unit  operation  offers  one  of  the  most  striking  fields 
for  demonstrating  the  industrial  applicability  of  the  principles 
of  physical  chemistry,  such  as  the  law  of  mass  action,  the  effect 
of  temperature  and  the  effect  of  catalysts  (incandescent  brick 
surfaces)  on  the  rate  of  reaction.  In  studying  combustion,  the 
student  also  receives  much  training  in  the  use  and  importance  of 
the  two  primary  unit  operations,  flow  of  heat  and  flow  of  fluids. 

Figs.  1  and  2  show  the  summary  of  the  results  obtained  by  two 
students  experimenting  with  a  500-h.  p.  boiler  burning  fuel  oil. 
These  men  studied  the  effect  of  varying  the  amount  of  excess  air, 
the  effect  of  changing  the  distribution  and  mixing  of  the  air  and 
oil,  and  the  effect  of  load  on  the  efficiency. 

Table  I  shows  a  total  heat  balance  on  a  set  of  sixty  coke  ovens. 
It  should  be  borne  in  mind  that  the  primary  educational  object 
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is  not  to  obtain  a  "heat  balance"  but  to  study  one  of  the  unit 
operations.  The  comparison  of  the  heat  input  and  output  merely 
gives  some  idea  of  the  completeness  of  the  data,  although,  of 
course,  a  check  may  be  reached  by  counterbalancing  errors. 
The  measurement  of  the  heat  quantities  shown  in  Table  I  gives 
good  training  in  the  study  of  the  flow  of  fluids  and  the  flow  of 
heat  as  well  as  in  combustion,  although  the  main  benefit  of  such 
a  test  lies  in  the  power  of  reasoning  developed  in  the  design  of 
the  test  and  the  practice  obtained  in  organizing  for  effective  work. 
A  comprehensive  test  on  coke  ovens  gives  excellent  training  in  the 
measurement  of  material  and  heat  quantities,  in  gas  and  fuel 
analysis,  in  the  study  of  the  laws  of  heat  radiation  and  convec- 
tion, and  in  the  use  of  industrial  stoichiometry.  Furthermore, 
to  increase  the  efficiency  of  teaching  in  the  School  of  Chemical 
Engineering  Practice,  all  the  work  is  "motivated,"  that  is  to  say, 
the  student  is  not  told  to  carry  out  experimentation  in  the  unit 
operation  itself,  but  some  definite  and  usually  attainable  ob- 
jective, the  importance  and  significance  of  which  he  understands, 
is  placed  before  him. 

Table  I — Heat  Balance  on  Set  or  60  Coke  Ovens 

Input 

Per  cent 

Coal,  latent 92.82 

Coal,  sensible 0.01 

Fuel  gas,  latent 7.15 

Fuel  gas.  sensible 002 

100.00 

Output 

Per  cent 

Coke,  latent ®i  f  o 

Coke,  sensible 3 .  63 

Foul  gas.  latent 21.04 

Foul  gas,  sensible '  -24 

Tar.  latent 4.84 

Tar.  sensible 0 .  22 

Stack,  sensible 1-29 

Stack,  latent 1   02 

Foul  Kas  water,  sensible k' h^n 

Foul  gas  water,  latent i 

Radiation 119 

Unaccounted 3 .  06 

100.00 

extraction — In  this  field  there  are  a  number  of  phases; 
let  us  consider  the  absorption  of  a  gas  by  a  stream  of  liquid  trav- 
eling in  opposite  direction  to  the  gas  stream.  The  underlying 
principles  of  countercurrent  extraction  are  studied  thoroughly 
in  class  by  the  student  before  going  into  the  Practice  School,  so 
this  theory  is  applied  to  plant  practice  under  various  conditions. 
For  example,  the  student  applies  these  principles  to  such  prob- 
lems as  the  absorption  of  sulfur  dioxide  by  milk  of  lime  to  form 
bisulfite  cooking  liquor  used  in  the  manufacture  of  sulfite  wood 
pulp,  to  the  absorption  of  hydrogen  chloride  gas  by  water  in  the 
manufacture  of  muriatic  acid,  to  the  scrubbing  of  light  oil  from 
coke  oven  gas  by  paraffin  oil,  and  to  the  absorption  of  ammonia 
from  coke  oven  gas  by  water.  Knowing  the  equation  expressing 
the  theoretical  performance  of  such  a  countercurrent  extraction 
system,  we  can  measure  the  efficiency  of  the  extraction  tower  by 
means  of  a  "tower  coefficient."  The  "tower  coefficient"  enables 
the  student  to  compare  quantitatively  the  eflaciency  of  various 
forms  of  tower  packing,  and  to  forecast  the  effect  on  output  of  a 
change  in  the  temperature  of  the  gas  or  absorbing  liquid,  of 
increasing  the  size  of  the  tower,  and  of  increasing  or  decreasing 
the  partial  pressure  of  the  solute  in  the  entering  gas  stream. 
Some  of  the  "tower  coefficients"  determined  by  the  students 
which  were  used  by  them  in  forecasting  results  under  changed 
conditions  are  given  in  Table  II.  The  determination  of  these 
coefficients  also  shows  the  student  how  small  towers  may  be  used 
experimentally  in  determining  the  proper  size  of  a  new  installa- 
tion of  commercial  towers. 

These  coefficients  are  all  expressed  as  lbs.  of  solute  absorbed 
per  min.  per  cu.  ft.  of  inside  tower  space  per  mm.  of  Hg  dri\Tng 
pressure  of  the  solute  (partial  pressure  of  solute  in  gas  minus 
partial  pressure  of  solute  in  solvent). 
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Tablb  II  centrate  on  this  particular  resistance  and  reduce  it  by  one  means 

Tower  Cobfpicient  X  10-'  »i.        4.1,       u     u  •      •       ii_     j          ^     ^i.             ■                      11 

So,  absorbed  in  milk  of  lime,  tile  tower S5  °^  another,  thereby  bringing  the  dryer  to  the  maximum  possible 

SOi  absorbed  in  milk  of  lime,  plate  tower 2160  capacity  for  the  machine  or  stock  in  question.     For  example,  a 

Benzene  absorbed  in  paraffin  oil,  slat  tower 2240  i»u                    iji                          j            j-                        tj^i.-. 

Ammonia  absorbed  in  water,  slat  tower 216  test  by  some  students  on  a  can  dryer  drying  paper  showed  that 

the  major  resistance  to  the  flow  of  heat  from  the  steam  inside  the 

DRYING — Drying,    an    important   secondary    unit   operation,  drum  to  the  paper  was  the  resistance  between  the  outside  face 

is  given  much  attention,  and  experimental  work  has  been  carried  of  the  drum  and  the  underside  of  the  stock.     The  student  could, 

out   by   the   students   on   coal-fired,    semi-indirect   rotary   coal  therefore,  direct  his  attention  to  the  most  probable  point  for  a 

dryers,  steam-heated   rotary  sugar  dryers,  steam  drum  dryers,  successful  attack.     Again,  in  the  air-drying  of  sugar  a  similar 

can  dr)'ers  for  drying  pulp  and  paper,  French  dryers  used  for  dry-  method  of  attack  showed  the  importance  of  increasing  the  air 

ing  flake  soap,  etc.     The  student  is  taught  to  find  the  largest  velocity,  which  made  possible  a  considerable  increase  in  output 

resistance  to  the  flow  of  heat  or  to  the  diffusion  of  water,  to  con-  from  the  same  dryer. 


NOTES  AND  CORRESPONDENCE 


Petroleum  Hydrocarbons 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

While  reading  the  recent  interesting  paper  by  Dr.  Van  H. 
Manning  on  "The  Pioneer's  Field  in  Petroleum  Research,"  I 
observed  the  following  statement:  "Our  knowledge  of  the  con- 
stituent hydrocarbons  making  up  lubricating  oils  is  well  nigh 
a  blank,  and  so  much  depends  on  the  quality  of  those  oils." 
For  more  than  a  year,  I  have  been  industriously  engaged  with 
the  aid  of  several  assistants  on  the  continuation  of  the  work 
described  in  the  preliminary  paper  I  presented  before  the  Petro- 
leum Section  of  the  Society  at  the  Rochester  Meeting  in  May 
1921,  and  have  separated  from  representative  samples  of  the 
world's  supply  of  petroleum  the  undistillable  lubricant  and 
asphaltic  hydrocarbons.  Within  a  few  months  I  expect  to 
publish  an  account  of  the  separation  of  these  hydrocarbons,  and 
their  identification  by  specific  gravity,  molecular  weight,  and 
analysis,  together  with  their  index  of  refraction,  and  viscosity, 
and  with  the  relations  in  general  of  specific  gravity  and  viscosity. 


Charles  F.  Mabery 


Case  School  op  Applied  Science 
Cleveland,  Ohio 
May  15.  1922 


The  Plant  Manager  and  the  riieini.st 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

THF  ideal  chemist  is  the  catalytic  agent  in  a  plant,  furnish- 
ing and  examining  ideas  to  improve  or  cheapen  manu- 
facture, to  produce  new  and  desirable  products,  and  to 
standardize  production.  Upon  him  rests  the  selection  of  raw 
materials  to  build  up  into  the  finished  line  upon  which  the  repu- 
tation of  the  house  rests.  He  is  the  judge  of  the  standard  to  be 
attained  by  the  finished  product,  and  upon  his  ability  to  read 
aright  the  desirability  of  the  finished  article  rests  the  whole  force 
of  the  sales  department.  He  is  the  leaven  working  through  the 
foremen  in  the  plant,  developing  a  cooperative  spirit  of  construc- 
tive criticism  leading  to  the  development  and  improvement  of 
the  different  steps  of  manufacture. 

The  chemist  and  his  "Lab"  and  his  assistants  are  the  media 
for  the  investigation  and  the  rejection  or  the  translation  into 
practice  of  the  ideas  not  only  of  his  own  force  but  of  the  plant 
manager  and  the  other  members  of  the  manufacturing  force. 
Ko  person  is  too  exalted  to  have  his  ideas  carefully  tested  before 
attempting  to  use  such  ideas  in  manufacture,  and  no  employee 
is  too  humble  not  to  have  his  thoughts  receive  careful  attention. 


Now  as  a  plant  manager,  I  find  that  the  chemist  is  far  from  the 
ideal.  The  fundamental  failure  of  the  chemist  is  first  in  a  lack 
of  knowledge — of  thoroughness  of  education  in  chemical  and  re- 
lated lines.  The  chemist  must,  first  of  all,  know  chemistry. 
He  must  be  familar  with  modern  thought  and  development, 
particularly  in  the  chemistry  involved  in  the  type  of  manufac- 
ture in  which  he  is  employed.  He  must  be  a  good,  rapid,  ac- 
curate analyst  because  practically  all  investigative  and  research 
work  rests  on  the  bed-rock  of  accurate  analysis.  One  might 
write  a  volume  on  the  failure  of  our  universities  to  realize  this 
fundamental  truth  in  industry.  And  not  only  should  a  chemist 
be  thoroughly  familiar  with  anal>'tical  methods,  he  must  in  in- 
dustry be  able  to  secure  results  rapidly,  for  information  which 
is  quickly  available  is  of  greatly  enhanced  value.  But  above  all, 
his  conclusions  drawn  from  analysis  must  be  correct. 

Any  plant  manager  who  has  given  work  to  chemists  or  com- 
mercial laboratories  is  familiar  w-ith  the  appalling  lack  of  agree- 
ment in  simple  analj-tical  determinations.  Far  too  often,  the 
plant  manager  knows  the  chemist  is  wrong  and  still  oftener  he 
suspects  gross  inaccuracy  and  carelessness.  These  poor  results 
are  not  confined  to  graduates  of  secondary  schools,  and  it  would 
appear  high  time  that  somebody  of  authority  should  pass  on  a 
commercial  laboratory's  ability  to  do  correct  work  in  the  indus- 
trial lines  in  which  it  claims  to  be  expert. 

The  second  great  failiu-e  of  the  chemist  has  been  in  salesman- 
ship. The  chemist  must  sell  himself  and  his  ideas  to  the  plant 
manager,  to  the  superintendent,  and  to  the  various  foremen. 
All  too  often,  meritorious  ideas  are  abandoned  because  the  man 
actually  carrying  out  the  operations  has  not  had  the  matter 
thoroughly  clarified  to  him  and  does  not  give  it  a  fair  trial.  If 
the  chemist  has  good  salesmanship,  every  man  from  the  manager 
down  will  always  feel  that  his  suggestions  have  potential  merit 
and  no  idea  will  get  across  in  production  without  such  faith. 
Brains  must  have  the  cordial  cooperation  of  labor.  When  the 
chemist  has  the  plant  foremen  as  eager  helpers,  it  is  safe  to  say 
that  he  is  not  only  a  good  chemist  but  a  reasonable  human  being 
with  a  proper  respect  for  men  working  in  subordinate  positions. 

This  leads  to  my  third  criticism  that  too  often  the  chemist  is 
seeking  authority  in  the  plant  rather  than  responsibility.  The 
chemist  who  must  have  personal  authority  to  get  work  done  by 
employees  in  a  factory  is  about  a  certain  failure.  What  a  plant 
needs  in  a  chemist  is  one  who  takes  responsibility  for  progress 
in  manufacture  and  docs  not  require  authority  in  order  to  secure 
all  the  cooperation  he  needs.  To  secure  such  help  the  chemist 
must  remember  that  any  man  who  is  doing  his  work  well  even  in 
a  menial  i)osition  takes  pride  in  that  work  and  is  anxious  to  do 
it  better  but  resents  any  trace  of  overbearing  authority.  The 
Golden  Rule  will  pay  a  chemist  greater  dividends  in  a  factory  than 
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a  college  education.  This  point  in  personal  salesmanship,  of 
securing  cordial  cooperation,  is  of  an  importance  that  can  be 
scarcely  overestimated  in  a  factory.  The  plant  manager  can 
give  the  chemist  much  help  here,  hut  in  the  long  run  the  chiiuist 
must,  by  his  ability  and  fairinindedness,  himself  secure  this 
willing  cooperation. 

It  is  the  place  of  the  plant  manager  to  secure  for  the  chemist 
facilities  for  doing  good  work  free  from  unnecessary  friction.  The 
plant  manager  welcomes  reasonable  ideas  properly  presented^ 
he  has  no  time  for  consideration  of  half- investigated  plans  or 
processes  and  he  will  never  tolerate  the  authority-seeking  internal 
trouble  maker.  Hut  he  will  rise  up  and  hail  as  thrice  blessed  the 
thorough  investigator  who  will  show  him  a  carefully  considered 
and  feasible  plan  to  reduce  cost,  increase  production,  or  improve 
quality.     For  to  such  as  these  do  the  kingdom  of  industry  belong. 

My  final  criticism  of  the  chemist  concerns  his  standing  in  the 
community  and  among  his  fellow  chemists.  With  his  educated 
and  analytical  mind  he  should  be  interested  in  such  civic  ques- 
tions as  milk,  water  and  food  supply,  street  paving,  and  the  pur- 
chase of  materials  for  civic  purposes.  He  should  mix  with  busi- 
ness men  and  other  chemists  and  thus  enlarge  his  vision.  He 
should  belong  to  and  assiduously  follow  the  publications  of  his 
national  chemical  society.  He  sliould  have  a  proper  apprecia- 
tion of  his  value  to  the  community  and  walk  with  a  high  head, 
realizing  that  much  of  the  progress  of  civilization  rests  with  him, 
his  test  tubes  and  microscope,  and  that  despite  his  proneness  to 
a  lack  of  cooperative  effort  his  activities  are  of  such  great  impor- 
tance that  modern  industrial  manufacture  without  his  help  is 
unthinkable. 

George  L.  O'Brie.n 

O'Brien  Varnish  Co. 

Soi'TB  Bend.  Ind. 

May  23,  1922 


The  Electrolytic  Production  of  Lead  Arsenate 

JEdiVor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  following  graph  may  be  of  interest  as  supplementing  the 
data  presented  by  Messrs.  Herman  V.  Tartar  and  Gary  G.  Grant 
under  the  above  title  in  the  April  number  of  This  Journal. 
This  graph  summarizes  the  best  conditions  found  for  the  pro- 
duction of  lead  arsenate  bj'  the  electrolysis  of  lead  anodes  in  a 
bath   containing  sodium  acetate,   free  acetic  acid,  and  arsenic 
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acid.     Our  choice  of  conditions  is  in  very  fair  agreement  with 
the  independent  selection  of  Messrs.  Tartar  and  Grant. 

The  composition  of  the  lead  arsenate  is  controlled  by  the  con- 
centration of  free  acetic  acid.  The  lead  arsenate  of  the  acid  type 
was  crystalline,  of  large  dry  bulk,  and  had  good  suspension 
quality.  Lead  arsenate  of  the  basic  type  was  amorphous,  of 
small  dry  bulk,  and  had  good  suspension  quality.  The  anodes 
used  in  our  work  were  of  bullion  containing  about  1.50  oz.  silver 
per  ton  and  the  cathodes  were  sheet  lead.  Anodes  were  removed 
and  cleaned  of  adhering  slime  once  in  each  24  hrs.  The  lead 
arsenate  contained  0.1  to  0  .'J  oz.  silver,  although  the  anode 
slime  contained  about  3G00  oz.  per  ton. 

J.  F.  CULLEN 
T.  E.  Harper 
U.  S.  Smelting,  Ref.  &  M.  Co. 
MiDVALE,  Utah 
May  4,  1922 
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Canadian  Letter 

By  T.  Linsey  Crossley 
208  King  St.,  W.,  Toronto,  Canada 

At  its  annual  meeting  in  Ottawa,  the  Canadian  Institute  of 
Chemistr>'  shifted  its  presidential  mantle  from  the  academic 
shoulders  of  Professor  James  Watson  Bain  of  Toronto  University, 
to  the  industrial  counterparts  of  Dr.  John  Seaman  Bates,  of  the 
Bathurst  Company,  Ltd.,  Bathurst,  New  Brunswick,  and  in 
doing  so  recognized  a  leading  Canadian  industry,  the  manufac- 
ture of  pulp  and  paper.  The  Institute  has  become  in  three  years 
a  vigorous  organization  with  over  two  hundred  fellows  and  asso- 
ciates, and  a  blue  book. 

One  of  the  great  names  in  Canadian  industry  is  that  of  Ezra 
Butler  Eddy  of  Hull,  who,  in  1851,  started  business  as  a  lumber 
merchant,  later  adding  matches,  fiberware,  and  paper  and  pulp 
mills.  In  his  memory  Mrs.  Eddy  has  made  a  bequest  to  establish 
a  professorship  in  industrial  chemistry  at  McGill  University. 
It  may  be  pointed  out  in  this  connection  that  AlcGill  is  well 
equipped  for  attention  to  forest-derived  industries,  being  the  seat 
of  the  Forest  Products  Laboratory-  of  Canada. 
\  For  some  years  past  a  series  of  investigations  has  been  carried 
on  in  Toronto  University  ha%-ing  to  do  with  the  toxic  properties 
of  certain  compounds  on  microbic  life.  Out  of  this  has  developed 
lately  a  promising  line  of  practical  application  of  physicochemical 
methods  to  life  phenomena.  Some  work  on  yeast  indicates  the 
possibility  of  progressive  steps  toward  lethal  doses  as  applied  to 
organisms  in  disinfection. 

The  four  lectures  of  Professor  H.  A.  Lorentz  of  Leyden  Uni- 
versity, on  invitation  of  the  department  of  physics  of  Toronto 
University,  constituted  the  notable  feature  of  a  recent  symposium 
on  light.  His  subject  was  "Light  and  the  Constitution  of 
Matter,"  and  it  was  treated  with  the  clarity  of  expression  that 
characterizes  Professor  Lorentz's  deliverj',  and  made  the  presen- 
tation of  mathematical  considerations  a  matter  of  interest  even 
to  what  might  be  termed  the  lay  chemist.  The  other  contribu- 
tors to  the  symposium  were  Professor  L.  V.  King  of  McGill 
University,  who  gave  two  lectures  on  the  "Molecular  Scattering 
of  Light,"  and  Professor  J.  C.  McLennan,  head  of  the  department 
of  physics,  who  delivered  three  lectures  dealing  with  "Fluores- 
cence and  Phosphorescence,"  "Radiations  Emitted  and  Ab- 
sorbed by  Atoms  with  Modified  Systems  of  Extra  Nuclear 
Electrons,"  and  "Spectroscopy  of  Isotopes  of  Lithium  and  Other 
Elements." 

Westward,  the  course  of  empire  and  chemistry  is  marked  by 
the  University  of  Saskatchewan,  in  letting  the  contract  for  the 
construction  of  a  new  chemistry  building  which  will  cost  S6.50,000. 
It  is  not  generally  known  that  Saskatchewan  is  well  forested  and 
has  vast  lignite  coal  measures.  The  latter  is  of  low  grade  and  the 
Dominion  government,  acting  with  the  authorities  of  Manitoba 
and  Saskatchewan,  has  appropriated  $400,000  for  the  investiga- 
tions of  the  Lignite  Utilization  Board.  This  board  is  now 
building  a  commercial  plant  to  develop  the  practical  results  of  its 
work,  which  has  shown  that  one  ton  of  fuel  briquets,  almost 
equal  to  anthracite,  can  be  made  from  two  tons  of  lignite  at  a 
price  to  make  their  general  use  possible  from  Winnipeg  west. 
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SCIENTIFIC  SOCIETIES 


Pittsburgh  Meeting 


The  Pittsburgh  Section  is  working  with  commendable  enthu- 
siasm toward  making  the  September  Meeting  of  the  Society  an 
unprecedented  success.  These  Pittsburgh  men  see  the  full 
possibilities  of  showing  chemistry  intensively  applied  to  industry, 
and  in  a  manner  that  will  grasp  and  hold  the  interest  of  educa- 
tors, of  research  men,  and  of  engineering  chemists. 

Accordingly,  much  stress  is  laid  upon  the  industrial  excursions 
that  will  be  the  principal  part  of  the  program  for  the  last  two 
days  of  the  meeting.  Dr.  Earl  Blough,  of  the  Aluminum  Com- 
pany of  America,  New  Kensington,  Pa.,  is  in  charge  of  the  ex- 
cursions program,  which  is  now  about  complete. 

On  Friday,  September  8,  an  all-day  excursion  to  Donora  and 
Clairton  has  been  arranged.  At  Donora  zinc  roasting  and  sul- 
furic acid  plants  and  wire  mill  will  be  inspected.  At  Clairton, 
the  steel  rolling  mill  and  by-product  coke  oven  plant  will  be 
visited.  A  special  train  will  take  visitors  to  the  plants  and  re- 
turn to  Pittsburgh  will  be  made  by  boat,  which  will  afford  a 
splendid  view  of  the  industrial  district. 

The  Council  of  the  Society  will  meet  on  Monday  at  2:30  p.m. 
in  the  "Blue  Room"  of  the  William  Penn  Hotel.  This  hotel 
is  to  be  headquarters  for  the  meeting. 

Mr.  R.  B.  Mellon  of  Pittsburgh  has  been  made  honorary 
chairman  of  the  meeting. 

One  of  the  most  interesting  features  of  the  General  Meeting 
on  Tuesday  will  be  the  address  by  Thomas  Midgley,  Jr.,  and 
T.  A.  Boyd  of  the  General  Motors  Research  Laboratories, 
Dayton,  Ohio,  on  "The  Chemical  Control  of  Gaseous  Detona- 
tion with  Particular  Reference  to  the  Internal  Combustion 
Engine."  This  address  will  be  illustrated  by  experiments  with 
an  internal  combustion  engine  on  the  stage  and  by  lantern  slides. 
The  meeting  will  be  held  in  Carnegie  Music  Hall,  and  for  the 
first  time  a  mechanical  device  will  perform  in  the  place  of  a 
concert  singer  or  musician,  inasmuch  as  use  of  this  fine  hall 
has  never  before  been  permitted  for  anything  but  musical  events. 

A  large  number  of  social  and  entertainment  features  are  in 
preparation  by  Chairman  J.  O.  Handy  of  the  Pittsburgh  Section 
and  the  Entertainment  and  Publicity  Committees. 

On  Wednesday  and  Thursday,  Divisional  Meetings  will  be 
held  and  a  number  of  important  symposiums  will  be  conducted. 

The  Division  of  Industrial  and  Engineering  Chemistry  will 
include  in  its  program  on  Wednesday  morning  a  symposium  on 
"Automatic  Process  Control,"  under  the  chairmanship  of  L.  W. 
Parsons. 

The  Water,  Sewage  and  Sanitation  Division  will  discuss 
"Specifications  for  Lime  Water  Treatment"  as  a  feature  of  its 
meeting. 

The  Biological  and  the  Agricultural  and  Food  Chemistry 
Divisions  will  hold  a  joint  symposium  on  the  subject  "Fatty 
Foods,"  with  Dr.  David  Wesson  as  chairman.  Papers  dealing 
with  the  preparation,  purification,  digestibility,  adulteration, 
etc.,  of  various  fatty  foods  arc  solicited  for  this  symposium. 
Vitamin  papers  will  be  included. 

The  Rubber  Division  is  planning  the  largest  meeting  in  its 
history. 

A  Symposium  on  Gelatin  and  Collagen  will  be  a  feature  of  the 
meeting  of  the  Leather  Division. 

The  Dye  Division  is  arranging  a  symposium  on  "The  Chem- 
istry of  the  Application  of  Dyes." 

The  Division  of  Physical  and  Inorganic  Chemistry  will  hold  a 
symposium  on  "Recent  Advances  in  Applied  Colloid  Chemistry," 


in  cooperation  with  the  Colloid  Committee  of  the  National  Re- 
search Council. 

The  Petroleum  Section  hopes  to  perfect  its  divisional  organi- 
zation at  this  meeting  and  will  hold  a  short  symposium  on  "Lu- 
brication from  the  Chemist's  Viewpoint." 

The  Section  of  Chemical  Education  is  desirous  of  being  an 
open  forum  for  settling  national  questions  in  chemical  educa- 
tion, including  high  school,  college,  university,  and  industry 
problems. 

The  Cellulose  Section  plans  a  number  of  discussions  on  special 
topics,  such  as  "Cooperative  Research  Problems  in  Cellulose 
Chemistry,"  and  "The  Nature  of  Oxycellulose  and  Its  Bearing 
on  the  Artificial  Silk,  Viscose,  and  Paper  Industries." 

The  preliminary  program  will  be  mailed  to  members  of  the 
Society  from  the  Secretary's  office  on  July  20. 

Industrial  Division 

At  the  present  time  there  is  no  up-to-date  list  of  members  of 
the  Industrial  Division.  In  order  that  the  files  may  be  cor- 
rected it  is  suggested  that  those  who  would  like  to  be  upon  the 
Division's  roll  should  send  their  names  and  addresses  to  the 
Secretary. 

Members  who  are  preparing  papers  for  presentation  before  the 
Division  at  the  Pittsburgh  Meeting  (September  4  to  9)  were 
asked  last  month  to  send  their  abstracts  at  the  earliest  possible 
date.  Some  have  already  done  this,  and  if  this  continues  it 
will  be  possible  to  send  to  each  member  of  the  Division  a  mimeo- 
graphed copy  of  all  abstracts  of  papers  to  be  given  at  Pittsburgh. 
Better  discussion  of  papers  will  result  by  this  plan. 

Professor  Parsons  of  Massachusetts  Institute  of  Technology 
is  chairman  of  the  Automatic  Process  Control  Symposium  which 
will  be  held  Thursday  morning,  September  7.  The  fundamentals 
underlying  the  different  practical  control  methods  will  be  pre- 
sented by  a  series  of  illustrated  papers. 

Send  in  name  and  address  to  the  Secretary,  Erie  M.  Billings, 
Eastman  Kodak  Co.,  Rochester,  N.  Y.,  to-day.  Also  send  your 
abstract.      Don't  delay! 

Orc.\nization  of  Gas  and  Fuel  Section 

The  new  Gas  and  Fuel  Section  of  the  Society,  authorized  at 
the  Birmingham  Meeting,  will  hold  its  first  session  at  the  Fall 
Meeting  in  Pittsburgh,  Pa. 

Dr.  A.  C.  Ficldner,  Superintendent  and  Supervising  Fuels 
Chemist  of  the  Pittsburgh  Experiment  vStation  of  the  U.  S. 
Bureau  of  Mines,  has  been  appointed  chairman,  and  Mr.  R.  S. 
McBride,  of  Washington,  D.  C,  has  been  appointed  secretary  of 
the  Section.  The  officers  of  the  new  Section  are  sparing  no  efforts 
toward  preparing  a  program  of  papers  that  will  be  of  special  in- 
terest to  gas  and  fuel  chemists,  and  engineers.  A  large  atten- 
dance is  expected,  as  Pittsburgh  is  the  center  of  this  industry. 

The  first  meeting  of  the  new  Section  will  include  a  Symposium 
on  Combustion,  under  the  chairmanship  of  Prof.  R.  T.  Haslam, 
Massachusetts  Institute  of  Technology. 

Section  of  Cellulose  Chemistry 

Those  who  plan  to  present  papers  before  the  Cellulose 
Section  at  the  Pittsburgh  Meeting  are  urged  to  send  titles,  and 
particularly  abstracts,  to  the  Secretary,  G.  J.  Esselen,  Jr.,  248 
Boylston  St.,  Boston,  as  soon  as  possible. 
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Railroad  Rates 

Reduced  rates  to  the  meeting  are  a  certainty.  In  view  of 
expected  large  attendance  tlie  railroads  have  agreed  to  sell  round 
trip  tickets  at  one  and  one-half  fare  on  the  identification  certifi- 
cate plan,  applicable  to  all  parts  of  the  United  States  east  of 
Arizona,  Nevada,  Washington,  and  Oregon.  Tickets  may  he 
purchased  September  2  to  8  on  presentation  of  an  identification 
certificate  and  will  be  good  returning  until  midnight  Sei)tembcr 
15.  From  Colorado  (except  Juksburg),  Idaho,  Montana,  New 
Mexico,  I'tah,  Wyoming,  Oklahoma,  and  Texas  the  limits  are 
September  1  and  16.  Round  trip  tickets  have  been  granted  on 
the  same  plan  from  all  territory  in  the  Canadian  1'as.scnger 
Association  Easteni  Lines.  Tickets  must  be  validated  at  Pitts- 
burgh between  September  6  and  15  by  agents  at  the  regular 
ticket  oflices  of  the  lines  over  which  tickets  read  into  Pittsburgh. 
When  validated  they  wdll  be  good  for  return  leaving  on  any  day 
within  the.  final  limit.  Passengers  must  reach  original  starting 
point  within  the  transit  time  shown  on  the  ticket,  and  in  no  case 
later  than  midnight  of  September  15,  or,  as  stated  above,  Sep- 
tember 16. 

A  few  minor  railroads  do  not  come  within  these  associations. 
If  one  has  difficulty  in  purcliasiuK  a  ticket  locally  he  should  pay 
local  fare  to  the  nearest  central  point  and  purchase  a  round  trip 
ticket  there. 

In  order  to  obtain  this  reduced  fare  members  must  secure  from 
the  Secretary  of  the  Society  an  identification  certificate  to  be 
presented  at  the  ticket  ofHce  when  purchasing  the  ticket.  After 
August  15,  a  limited  number  of  these  certificates  will  be  placed 
with  the  secretaries  of  Local  Sections  to  meet  belated  inquiries. 
No  reduction  can  be  obtained  unless  an  identification  certificate 
is  obtained  in  advance,  and  no  certificates  obtained  at  local 
stations  under  the  usual  certificate  plan  are  good.  Certificates 
may  be  obtained  for  members  of  the  Society  and  dependent 
members  of  their  families.  One  certificate  will  serve  for  both 
trayeling  together. 

From  Pacific  Coast  states,  round  trip  summer  season  tickets  are 
purchasable  to  Pittsburgh  and  eastern  points  at  approximately 
one  and  one-fourth  one  way  fare  to  August  31,  and  good  returning 
until  October  31,  1922.  These  fares  require  no  identification 
certificate,  and  stopovers  are  allowed. 


Calendar  of  Meetings 


American  Pharmaceutical  Association — 70th  Annual   Meeting, 
Cleveland.  Ohio,  August  14  to  20,  1922. 

American    Chemical  Society — 64th  Meeting,    Pittsburgh.   Pa., 
September  4  to  9,  1922. 

Eighth  National  Exposition  of  Chemical  Industries — New  York, 
N.  Y.,  September  11  to  16,  1922. 

American   Electrochemical   Society — 42nd  Meeting,   Montreal, 
Canada.  September  21  to  2.S,  1922. 


Technical  Photographic  and  Microscopic 
Society 

\\.  the  meeting  of  the  Technical  Photographic  and  Micro- 
scopic Society,  held  in  New  York  on  June  14,  an  address  was 
made  by  the  President,  Mr.  John  H.  Graff,  on  the  increasing 
importance  of  photography  in  commercial  and  technical  fields 
and  on  the  need  of  a  society  to  represent  the  common  interests 
of  all  engaged  in  the  work.  Several  members  spoke  briefly  on 
the  usefulness  of  photomicrography  in  industrial  research. 

At  this  meeting  a  constitution  and  by-laws  were  adopted. 
At  the  next  meeting,  to  be  held  in  September,  officers  will  be 
elected  for  the  coming  year. 


The  New  Haven  Meeting — Spring  1923 

The  following  executive  committee  has  Ijcen  selected  by  the 
New  Haven  Section  to  arrange  for  the  meeting  of  the  Society 
in  New  Haven  in  April  192.'j:  Treat  B.  Johnson,  Yale  University, 
Chairman;  Blair  Kaxton,  Yale  University,  Secretary;  Champion 
H.  Matthewson,  Yale  University;  Arthur  J.  Hill,  Yale  University; 
Ralph  Langley,  Acme  Wire  Co.,  New  Haven,  Conn.;  J.  K. 
Graveley,  Winchester  Repeating  Arms  Co.,  New  Haven,  Conn. 

The  Connecticut  Valley  Section  has  accepted  the  invitation 
of  the  New  Haven  Section  to  act  as  joint  hosts  to  the  Society  at 
the  meeting  and  several  members  of  this  Section  will  be  added  to 
the  executive  committee.  Sulicommittees  will  not  be  appointed 
until  after  the  opening  of  Yale  University,  early  next  fall. 

The  new  Sterling  Chemical  Laboratory  will  be  formally 
dedicated  by  the  University  during  the  meeting. 


Local  Section  Officers  - 

At  a  meeting  of  the  Syracuse  Section  of  the  Society  on  May 
12,  the  following  officers  were  elected  for  the  ensuing  year: 

President:  A.  C.  Houghton,  Scmct-Solvay  Co. 
Vice  President:  R.  A.  Baker.  Syracuse  University. 
Secretary:  W.  B.  Hicks.  127  Stinard  Ave. 
Treasurer:  L.  C.  Johdv,  505  Van  Buren  St. 
Local  Councilor:  C.  W.  Easlbv,  Syracuse  University. 
National  Councilors:  R.  S.  Fleming,  L.  E.  Wise. 

The  new  officers  of  the  Indiana  Section  are: 

President:  H.  E.  Jordan,  Superintendent  of  FiJtration,  Indianapolis 
Water  Co. 

Vice  President:  Caru  E.  Stonb,  Van  Camp  Packing  Co. 

Secretary-Treasurer:  William    Hicburg.    Republic    Creosoting    Co. 

Executive    Committee:  Edgar    B.    Carter,    Swan-Myers    Co.;  H.    E. 
Cory,  Western  Oil  Refining  Co.;  Walter  Jamieson,  Eli  Lilly  &  Co. 
The  recently  elected  officers  of  the  Virginia  Section  are: 

Chairman:  Graham   Edgar,  University,  Va. 

Vice  Chairman:  Robert  F.  McCrackan,  Medical  College  of  Virginia, 
Richmond.  Va. 

Secretary:  W.  G.  CROCKETT,  Medical  College  of  Virginia,  Richmond, 
Va. 

Councilors:  Garnett  Ryland,  W.  F.  Ruod. 
Morgantown  members  of  the  Society  met  in  the  chemistry 
building  of  West  Virginia  University  on  Friday  evening.  May 
12,  to  elect  permanent  officers  of  the  recently  formed  North- 
western Virginia  Section  of  the  Society.  The  section  consists 
of  thirty-four  members.     The  following  officers  were  elected: 

President:  F.  E.  Clark, 

Vice  President:  W.  W.  Hodge. 

Secretary-Treasurer:  E.  P.  Deatrick. 

Councilor:  H.  G.  Knight. 


Correspondents  in  Local  Sections 

The  following  men  have  been  appointed  by  the  Sections  as 
staff  correspondents  of  the  Journal,  and  will  serve  to  keep  the 
editorial  office  in  touch  with  the  interests  and  activities  of  the 
Sections  which  they  represent: 

Ames:  V.E.Nelson  .Vor//ifrw/ndiawfl:  William  J. Gross 

Columbus:  C.  W.  Foulk  Xoriheaslern:  R.  E.  Wilson 
Connecticut  Valley:  George  F,  Taylor  Philadelphia:  E.  F.  Hicks 

Cornell:  V.  H.  Rhodes  Pittsburgh:  E.  J.  Casselman 

Detroit;  H   C.  Hamilton  Purdue:  F.  O.  Anderegg 

Eastern  New  York:  E.  H.  Darby  Southeastern  Texas:  H.  B.  Wkiser 

Indiana:  Frank  B.  Wade  Southern  California:  H.  L.  Payne 

Lexington:  J.  A.  Gunton  Syracuse:  W.  M.  Boont 

Louisiana:  C.  S.  Williamson,  Jr.  University  of  Michigan:  Clair  Up- 
Michigan  Agricultural  College:  H.  D,  thSGROVB 

LiGHTBODY  Virginia:  W.  F.  RuDD 

.Yra-  Ha?en:  W.  T.  Read  Western  New  York:  E.  K.  Strachan 

Dr.  R.  P.  Fischelis  has  been  appointed  the  representative  of  the 
New  Jersey  Chemical  Society  in  a  similar  capacity. 
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A  Unique  Meeting 

A  unique  meeting,  especially  designed  to  care  for  the  interests 
of  the  young  men  and  women  who  are  to  graduate  in  chemistry 
at  the  end  of  the  present  semester,  was  held  by  the  Indiana  Sec- 
tion of  the  Society  recently.  The  idea  was  conceived  by  Mr. 
H.  E.  Jordan,  Superintendent  of  Filtration  of  the  Indianapolis 
Water  Co.,  who  managed  the  meeting.  All  the  professors  of 
all  the  colleges  in  the  state  were  invited  to  come  with  as  many  of 
their  senior  students  as  possible  to  the  special  meeting.  About 
250  took  advantage  of  the  opportunity.  The  new  Purdue 
Section  of  the  Society  cooperated  with  the  Indiana  Section  in 
making  the  meeting  a  success. 

A  splendid  industrial  chemical  exhibition  was  arranged,  show- 
ing, among  other  things,  the  series  of  products  produced  by  a 
by-product  coke  oven  plant  and  a  selected  series  of  dyestuffs 
and  intermediates  from  one  of  the  coal-tar  products  such  as 
naphthalene.  Medicinals  from  coal-tar  products  were  also 
exhibited,  and  a  series  of  corn  products  and  cellulose  products 
made  another  interesting  group.  Petroleum  products  illustrat- 
ing the  processes  involved  in  the  making  of  a  straight-run  gaso- 
line were  also  shown.  The  students  and  professors  were  taken 
on  several  trips  to  industrial  chemical  plants. 

A  luncheon  was  followed  by  a  spirited  talk  by  Mr.  Otto  Eisen- 
shiml  of  Chicago,  on  "Come  Out  of  the  Kitchen."  Mr.  Eisen- 
shiml's  thesis  was  to  the  effect  that  chemists  did  not  capitalize 
their  knowledge  as  much  as  they  should.  He  advocated  going 
into  chemical  industry  and  competing  with  those  who  now 
utilize  the  knowledge  of  the  chemist  and  pay  him  a  niggardly 
fee.  The  students  were  told  by  Mr.  Eisenshiml  that  jobs  in 
laboratories  were  going  to  be  scarce  this  year  Ijecause  of  the 
business  depression  but  that  opportunities  to  make  money  by 
using  their  knowledge  of  chemistry  were  always  abundant  if 
they  would  but  seek  them.  Many  cases  of  money  making 
chemical  enterprises  were  cited  by  Mr.  Eisenshiml. 

Dr.  Edgar  F.  Smith,  our  honored  president,  was  present  at 
the  meeting  and  addressed  a  group  of  faculty  men  in  the  after- 
noon and  made  a  brief  speech  at  the  luncheon.  Governor  Mc- 
Cray  of  Indiana  honored  the  Section  with  his  presence  at  the 
luncheon  and  spoke  to  the  members  and  guests. 

The  banquet  in  the  evening  was  largely  attended.  Dr. 
Smith  was  the  principal  speaker,  giving  his  address  on  "The 
Spirit  of  American  Chemistry."  Dr.  Clowes,  research  man  of 
Eli  Lilly  and  Co.,  gave  the  young  students  an  eloquent  and  in- 
spiring address  in  the  afternoon,  on  the  choice  of  research  as  a 
career.  His  suggestions,  while  not  disregarding  a  decent  and 
suitable  livelihood,  led  more  to  a  life  of  service  and  of  mental 
compensations  than  did  the  more  utilitarian  teachings  of  Mr. 
Eisenshiml.  The  young  peqple  were  thus  given  both  sides  of 
the  question  upon  which  to  ponder. 

The  chemical  exhibit  was  kept  for  a  week  at  the  Chamber  of 
Commerce,  and  for  two  weeks  longer  it  was  at  the  central  pub- 
lic library. 

Possibly  other  Sections  may  wish  to  do  something  along  this 
line  for  the  students  and  professors  of  their  regiims.  From  our 
experience  in  Indiana  we  can  heartily  recommend  it  as  both 
pleasant  and  profitable. 

Frank  B.  Wade 

Shortridob  High  Sciloot, 

Indianapolis,  Ind. 

May  11,   1922 


Report  on  Standai'dizationof  Sizes  and  Shapes 
of  Apparatu.s — II'-' 

By  W.  D.  CoUins 

Ch.^ik.m.^n,  Committee  on  Guaranteed  Reagents  and 
Standard  Apparatus 

THE  recommendations  given  below  cover  the  second  year': 
work  of  the  Committee  on  Guaranteed  Reagents  anc 
Standard  Apparatus  on  elimination  of  apparatus.  In 
formation  in  regard  to  the  quantities  of  the  different  items  tha 
are  purchased  by  laboratories  throughout  the  country  has  beei 
furnished  by  the  Committee  on  Standardization  of  the  Associa 
tion  of  Scientilic  Apparatus  Makers  of  the  United  States  o 
America. 

The  recommendations  are  made  on  the  basis  of  providing  ; 
list  of  apparatus  to  be  kept  in  stock  by  dealers  who  expect  t( 
furnish  prompt  service  for  the  regular  needs  of  chemical  labora 
tories.  Many  items  needed  by  nearly  all  laboratories  are  re 
quired  in  such  small  quantities  that  the  total  demand  in  th< 
United  States  could  easily  be  handled  by  one  firm.  Such  item 
are  omitted  from  the  regular  stock  list  with  the  expectation  tha 
some  dealers  will  have  them.  Certain  pieces,  particularly  thos 
requiring  special  workmanship,  will  be  carried  in  stock  by  man 
ufacturers  and  dealers  who  agree  that  the  items  should  be  omitte< 
from  a  general  stock  list. 

This  report  carries  recommendations  on  all  the  articles  con 
sidered  by  the  Committee.  It  is  not  possible  that  errors  o 
judgment  have  been  avoided  entirely.  The  report  is  the  bes 
guess  of  the  Committee  in  the  light  of  the  combined  experienc 
of  the  members  and  such  information  as  has  been  gathered  froii 
various  sources.  The  Committee  will  welcome  criticism  of  th 
report  and  suggestions  for  useful  changes.  It  must  be  remem 
bered,  however,  that  a  considerable  proportion  of  the  item 
discontinued  have  been  put  in  catalogs  because  some  individua 
has  a.ssumed  that  his  desire  for  a  particular  article  representei 
a  universal  need.  Other  chemists  have  not  appreciated  th 
special  form  of  apparatus  and  another  dead  item  has  been  adde( 
to  those  which  one  dealer  lists  because  he  sees  it  in  the  catalo, 
of  another  and  thinks  there  is  a  demand  for  it. 

For  consideration  of  the  Committee  the  apparatus  was  identi 
fied  by  catalog  numlicrs.  These  could  not  well  be  printed  si 
there  may  be  a  little  uncertainty  as  to  just  what  some  of  the  item 
are.  The  Committee  would  not  have  known  a  number  of  then 
without  the  catalog  illustrations.  All  catalogs  take  up  mos 
topics  in  the  same  order  so  that  with  a  catalog  at  hand  almos 
any  piece  of  apparatus  can  be  identified  from  the  description 
Information  in  regard  to  any  specific  ])iece  can  l)e  obtained  fror 
many  dealers  or  from  the  chairman  of  cither  of  the  committee 
cooperating  in  the  preparation  of  the  report. 

This  report  is  in  general  confined  strictly  to  questions  of  size 
and  shapes.  Therefore  it  docs  not  contain  many  recommenda 
tions  in  regard  to  the  kind  of  glass  of  which  apparatus  shall  b 
made.  It  carries  very  few  recommendations  for  or  against  set 
of  several  pieces  of  such  apparatus  as  burners  or  extractioi 
apparatus. 

In  the  list  that  follows,  D   =  Discontinue,  R  =  Retain. 


Meeting  of  the  Iowa  and  Ames  Sections 

A  joint  meeting  of  the  Iowa  and  Ames  Sections  of  the  Society, 
functioning  as  the  Chemical  Division  of  the  Iowa  Academy  of 
Science,  was  held  at  Drake  University,  Des  Moines,  Iowa,  on 
April  28  and  29.  The  program  included  twenty-four  papers, 
covering  many  branches  of  chemical  research. 


Clamps 

(R)  Burt-t.  iron,  with  jaws  of  pressed  steel,  japanned  and  rubber 

(D)  Huret,  cast  iron. 

(D)  Buret,  polished  brass. 

(D)  Buret,  polished  brass,  nickel  plated. 


I  Presented  at  the  6.3rd  Meeting  of  the  .American  Chemical  Society 
Birmingham,  Ala.,  April  3  to  7,  1922 

*  Prepared  by  the  Committee  on  Guaranteed  Reagents  and  Standan 
Apparatus  of  the  American  Chemical  Society  in  collaboration  with  th 
Committee  on  Standardization  of  the  Association  of  Scientific  Apparatu 
Makers  of  the  United  States  of  America. 

■Part  I  published  in  This  Journal,  IS  (1921),  1070. 
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TlIK  JOl'HNAL  OF  INDVSTRIM.  AX!)  KXinSEKlil S(;  ClfKMISTHY 


055 


(R)       liiirt-t.  iron,  with  stroiiK  spriiiK  closiiiK  the  i 
U))      Huret,  nickel  pliited  brasM,  jiiws  covervd  wii 

ti>  n-tort  stands,  etc.. 
Ifiinscn.  for  uttuchinK  to  supports  by  fustencrs; 
with  fastener: 

Sizes:    Small         Medium         Large 


ubber;    fur  attuclii 


nd  juws,   cork    lined  : 


D                   D 
unsen.  without  fnstt'ncr.  v 
Sizes:    Small          Mcdiun 

D 

/ithout  cork 
1          I.afRe 

R                     D 
unseii.  with  \'-shiii)ed  jaw 
Sizes:     Small          Mediun 

R 

s.  cork  lined 
I.ar«e 

D                   D 
unsen.  without  fastener,  v 
Sizes:    Small          Mediun 

D 
rithout  cork 
1          Larse 

R 


R 


(D)      Buret.  Allihn.  double. 

(R)       Buret,  double,  closing  autonuituiilly  by  means  of  coiled  sprinfis;    jaws 

rubber  covered. 
(R)       Buret.  Lincoln. 
(D)      Buret,  of  wood  "Shift  ICasy." 
(R)       Buret.  Hoffman,  double  jaws,  cork  lined. 
(D)       Buret,  double,  brass. 

(D)      Townson.  for  condensers  and  larRc  tubes;    brass,  cork  lined  jaws.  3-in, 
(R)      Universal,   for  condensers,  etc.,  with  swivel  jaws;    jaws  cork   lined; 

without  fastener.     (R)       Lar^e  size,  without  fastener. 
(D)      Holdawl.  small. 
(D)      Holdawl.  large. 
(D)      Holdawl.  adjustable  form. 
(D)      Ostwald  Universal,  of  brass. 

(D)      Ostwald  l^nivcrsal.  double,  of  brass,  with  elbow  point 
(R)       Fastener,  for  attaching  clamps  to  rods  up  to  Vis  in    diameter 
(R)      For  rods  up  to  Vi«  in.  diameter. 
(R)       For  attaching  clamps  to  rod  at  any  angle. 
(R)      For  tubes,  nickel  plated   brass;     for  screwing  into  wall,  to  support 

tubes,  burets,  etc. 
(R)      Chaddock,  spring  wire,  for  holding  beakers,  size  No.  IB,  for  Beakers 

Nos.  0  to  2. 
(R)      Size  No.  3B  for  Beakers  Nos.  2  to  4. 
(R)      Chaddock,  for  evaporating  dishes;    size  No.  3D  for  dishes  3  to  4  in. 

diameter.      (R)      Size  No.  oD.  for  dishes  4  to  6  in.  diameter. 
(R)      Chaddock,  for  large  test  tubes  and  necks  of  flasks  from  '  ;  to  l',s  in. 

diameter 
(D)      Crucible,  brass;    for  holding  crucibles. 
(R)      Test  tube.  Stoddart.  spring  wire,  nickel  plated;    for  tubes  up  to  1  in. 

diameter.      (R)      For  tubes  Vi  to  I'/j  in.  diameter. 
(R)      Test  tube,  of  wood,  with  wire  spring. 

(D)      Test  tube.  Bunsen,  of  brass;    for  tubes  up  to  Vs  in.  diameter. 
(D)      Wooden,  with  spring;    for  large  tubes  and  flask. 
(R)      Apparatus,  for  holding  rods  vertical  or  horizontal  on  which  to  clamp 

apparatus. 
Table,  of  iron,  for  fastening  apparatus  to  the  table: 

Sizes,  in.    2       3       4       6       8       10 


D      R      R       R       D      D 

Hoffmann .  pinchcock,  nickel  plated;    with  ; 
Sizes,  in.  Vs  x  V*         V«  x  1 


'  compressor: 


(R)      Hoffmann,  improved,  can  be  attached  to  tubing  without  disconnecting 

apparatus. 
(D)      Hoffmann,  improved,  E.  &  A.,  superior  in  quality  and  workmanship 

to  No.  2078. 
Hoffmann,  with  one  side  open: 

Sizes:    Small         Large 
~R  r" 

(D)      Bunsen,  with  screw  on  each  side. 
Mohr,  pinchcock,  nickel  plated,  durable: 


Sizes: 
Length  < 


Smalt 

2V. 


Mediu 

2Vi 


Large 

3V. 


Double  Extra  Large 

4Vi« 


(D)      Chaddock,  pinchcock.  of  one  piece  of  brass  ' 
Watch  glass,  brass,  nickel  plated: 


Watch  gla 
Sizes,  in 


2 

2'/. 

R 

R 

2 

2  v. 

(  I))      Con.linscT.  with  V  sliiipcil  juws  of  stumped  s(«-I. 

(R)      TubiiiK,  Mohr's  piiK-hcouk,  of  rectangular  wire,  ifivinK  a  flat  beariiiK 
surface  on  the  tubing  .)  mm.  wide.     Length,  2V«  in,:    for  tuliing  up  to 

(R)       With  brass  hook  for  siippurtinK  tfiermonu-ters  and  other  aupuratus. 
Adjustable,  steel: 

Maximum  openinK.  iti.       li        III        IS 
I)        I)        I) 

Color  Comparison  Tubes 

(D)      Cylinders,  Hehner;    Kraduated  tubes  with  stopcocks  and  metal  feet. 
Camp,  for  manKanese  determination  in  steel: 
Sizes,  cc.      30       oO       100 
D        D  D 

Eggertz,  for  carbon  and  manganese  in  steel,  set  of  two  or  four: 
Capacity,  cc.     30       50        100 
R        R  D 

Eggertz,  with  ground-in  glass  stopper,  set  of  two  or  four: 
Capacity,  cc.  30       50       100 
D        D  D 

Julian,  with  bent  ends  to  permit  mixing  of  contents  without  using  a  stopper; 
set  of  two  or  four: 
Graduated  from.  cc.       .">  to  :i0  10  to  50  10  to  70 

Graduated  in,  cc.  0.1  0.1  0.5 


R 


R 


Julian,  with  funnel  tops.      Per  set  of  two  or  four: 

Graduated  from,  cc.       5  to  30  10  to  50         10  to  70 

Graduatedin.ee.  0    1  0.1  0.5 


D 


D 


D 


Nessler.    American    Public    Health    .Association    Standard.     Tall    form    of 
clear  glass,  with  polished  bottoms. 
Graduation   marks  on   .50-cc.  tubes  are  from   200  to  250   mm.   from   the 
bottom    and  on  the  lOO-cc.  tubes  are  from  275  to  325  mm.  from  the  bot- 
tom.     In  sets  of  six  or  twelve  the   highest  and  lowest  graduation  marks 
shall  not  be  more  than  6  mm.  apart. 
Jars,   Nessler,  superior  quality,  of  colorless  glass,   with   polished   bottom; 
selected  in  sets  of  two  or  more  agreeing: 
Graduated,  cc.      50       100       50  &  100       SO.  100  &  150 


R 


R 


Hydrometer  ja 
Height,  in. 
Diameter,  in 


Cylinders 

'ith  lip,  heavy  glass  on  foot; 


1 

'  1 

1 

l'/< 

I'A 

2 

1 

I'A 

2 

D 

D 

R 

D 

D 

D 

R 

R 

D 

8 

S 

10 

10 

12 

12 

12 

14 

14 

I'/s 

2 

I'A 

2 

I'A 

2 

3 

2 

2'/. 

D 


R 


D 


D 


Heavy  glass  ring  neck:  on  foot.     D — all 

Height,  in.  4  5  6  6 

Diameter,  in.        1  2  1  1'/' 

S  10  10  10 

3  !'/•         2  4 

15  IS  15  16  18 


I'A 


I'A      I'A      I'A 


2  2IA         3  4 

IS  20  20  20 


I'A 


30 


30 


Hydrometer  jars,  heavy  glass,  with  flange  ground  to  take  glass  plate: 
Height,  in.  6  8  10  12  12  15  IS  18 

Diameter,  in.     I'A      I'A         I'A         2  4  2  3  3 

DDRRDRD  R 

Hydrometer  jars,  with  enlarged  top: 

Height,  in.         12  12  14  14  16  16 

Diameter,  in.    I'A         2  2         I'A       2'A         2 


R 


D 


R 


(R)      Graduated,  for  Brown-Duvel  moisture  tester,  graduated  to  25  cc. 

0.2  cc. 
(R)      Graduated,  with  enlarged  top.  for  Brown-Duvel  moisture  tester. 
Drip  cup,  for  acid  chamber: 

Height  of  cylinder,  in.       5  6  7  10 

D  R  D         D 

(D)      Oil  sample,  flat  parallel  sides,  glass  stoppered.     (D)    Graduated  100  c 
Filtering,  stoneware,  acid  proof: 

Capacity,  gal.       7'/z       12 
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Graduated,  with  single  graduations: 

Capacity,  cc.       5  10  15         25         50  100       200       230       300 

RRDRR  RDRD 

500        1000       2000       3000       4000 
R  R  R  D  D 

Graduated  with  double  graduations,  to  read  up  and  down.      Subdivisions 
according  to  the  Bureau  of  Standards: 
Capacity,  cc.       5  10         25         50         100       200       250       300       500 

RRRR  RDRDR 

1000       2000     3000       4000 
R  R  D  D 

Graduated  in  ounces  and  fractions,  single  graduations,  lipped: 
Capacity.oz.       1  2  4  S  16         32 

D  D  D  D  D  D 

Graduated  and  stoppered,  single  graduations: 

Capacity,  cc.       5  10         25         50        100       1.50       200       250       300 

DRRRRDDRD 
500     1000       2000       4000 


R  R  R  D 

Graduated  and  stoppered,  double  graduations,  to  read  up  and  down: 

Capacity,  cc.       5         10         25         50         100       200       2.50       300       500 
DRRRR  DRDR 

1000   2000   4000 


Dishes 


Acid,  of  porcelain: 

Diameter,  cm.     10        12        13        14. 


R        D        D  D  D 

Aluminium,  flat  bottom,  straight  gidcs,  as  used  in  milk  analysis,  etc.; 
Diameter,  mm.  50       65       75       100 
RRRR 
(D)      Aluminium,  Bat  bottom  with  slip-in  lid. 
Crystallizing,  flat  bottom,  straight  sides: 

Sizes,    mm.      50  x  35      60  x  35       70  x  50       75  x  45     80  x  40       90  x  50 


R  R  R  r 

100  X. 50      115x60       125x65       150x75       170: 


R 


D 

190  X  95 


215  X  110     250  X  125 


Evaporating,  porcelain,  with  wooden  handle: 
Diameter,  cm.     12       15.5       21.5 


Evaporating,  glass,  round  bottom,  with  lip: 

Sizes,  mm.    50       60       70       80       90       103       125       150       200 


D 

D 

D 

D 

D 

D 

D 

D 

D 

Evaporating, 

glass. 

flat  bottom,  w 

ith  lip: 

Sizes,  mm. 

50 

60 

70 

80 

90 

100 

125 

150 

170 

200 

DRRRR  R  R  R  D 

Shallow,  enameled  steel: 

Diameter,  in.   8         10       12       16      18       20       24       28 
D  DDDDDDD 

Cast  iron,  deep,  heavy  white  enameled  inside,  with  detachable  handles 
Diameter,  in.    7         8       10       13        16       18       22 
D         R       D        D        D        R        D 
Lead,  round,  shallow,  for  holding  hydrofluoric  acid: 


Diameter,  cm.      5 


.5       7.5       10        12.5        15 


Milk,  of  tin  foil,  in  shape  of  bottle  caps;    for  milk  analysis; 
Sizes:     2V4xV«      2VixlVi.     3'/i  x  'A 


Solid  wrought  nickel,  round  bottom,  with  lip: 

Diameter,  cm.   4       5       6       7       8       9        10       12       15 
DDRDRDR        D        D 
(D)      Solid  wrought  nickel,  for  sugar  analysis;  set  of  3. 
(R)      Nickel,  deep  form  for  sugar  analysis,  diameter  7.5  cm.,  with  large  lip 

and  tare  weight. 
Moisture,  aluminium,  with  cover  of  same  fitting  outside; 

Diameter,  mm.  SO       63       90       89       90 

Height,  mm.       22       44       30       50       15 
R       R        D       R       D 
(D)      Moisture,  aluminium,  with  dish  and  cover  numbered  to  agree. 
(D)      Preparation,  of  clear  white  glass,  low  form,  with  loose  fitting  cover. 


Opaque  fused  silica,  glazed  throughout: 
Capacity,  cc.     25  45  80 


Opaque  fused  silica,  not  glazed; 

Capacity,  cc.    400  500  600 


Capacity,  c 
Diameter,  i 
Depth,  mir 


1800       1800        2500        3000 
203         229  311 

108  89  133 


3000       15000 
394 
102 


Opaque  fused  silica,  flat,  glazed  throughout  with  lip: 
Capacity,  cc.     20       30       75       150 


Opaque  fused  silica  capsule: 

Capacity,  cc.  10       15       20       30       35       40 
D        R        R        D        R        D 
(R)      Opaque  fused  silica  capsule  for  ashing,  capacity  40  cc. 
(R)      Opaque  fused  silica  capsule,  large  size,  capacity^75*cc.,  diameter  82 

mm.,  depth  25  mm. 
Fused  silica,  incinerating: 

Capacity,  cc.    7        20 
D        D 
Clay,  roasting: 

Diameter,  in.     2'/i      3       4       5       6 


R      R      R      D 


ilver,  price  according  to  weight: 
Diameter,  mm.  50       65       75       90       100       125 


R        R        R         R        R  R 

(D)      Petri- Pasteur,  diameter  100  mm.,  depth  of  lower  dish  7  to  8  mm. 

(R)      Petri,  bottom  dish  only,  diameter  95  mm.,  depth  12  mm.,  for  use  with 
porous  earthenware  covers. 

(R)      Porous  earthenware  covers,  to  fit  above. 

(R)      Porous  earthenware  covers  with  glazed  outer  surface. 

Petri.     Fitted  in  pairs: 

Diameter,  ram.   50  75   75   90    100    100   120   120   1.50 
Height,  mm.     10  10   15   10    10    15    15    20    20 


R 

R 

150 

200 

25 

20 

R 


D 


R 


D        D 
"Moist  Chamber"  with  loosely  fitting  ( 
Diameter,  cm.      15        20        25 
Height,  cm.  4         7.5         9 


R 


R 


(R)      Same,  without  knob  on  cover. 

Slender  form  with  ground  grooved  cover; 
Diameter,  mm.  36       50       60       60 
Height,  mm.        19       26       28       90 


R        R 


R 


(R)      Staining,  glass,  with  molded  stationary  grooves,   with  cover;     for   10 

slides,  75  mm.  long,  width  up  to  38  mm. 
(R)      Staining  jar,  Coplin,  for  10  slides. 

Extraction  Apparatus 

Practically  all  the  items  discontinued  in  this  section  can  be 
made  to  order  without  great  delay  or  excessive  cost.  Very  few 
of  them  have  been  bought  in  the  last  few  years.  Recommenda- 
tions are  not  made  in  regard  to  the  kind  of  glass  from  which 
extraction  apparatus  should  be  made.  For  general  work  it  is 
doubted  whether  anything  more  difficult  to  work  than  good  regu- 
lar commercial  tubing  will  give  enough  better  service  to  pay  for 
the  greater  cost  and  the  frequent  lack  of  neatness  of  the  lamp 
work.  For  certain  work  special  glass  or  even  silica  may  be 
necessary  and  sometimes  more  economical  than  the  regular 
glass. 

Soxhiet,  extractor  only:  ■ 

Sizes:  Small        Medium          Large       * 

Approximate  diam.  inside,  mm.  30                  38                    50 

Approx.  capacity  to  lop  of  siphon,  cc.  TO                100                  200 

Height  of  siphon  not  more  than  mm.  70 75 113 


Soxhiet,  complete  with  flask  and  Allihn  condenser: 
Sizes;  Small        Medium         Large 
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(D)      Kxtraction  tube — Smullcy,  for  oil. 

(R)      HxtractioD  tube,  of  the  dimensions  required  by  tbc  Soutbcrn  Cotton 

Oil  Co. 
Soxhict,  with  stopcock  on  side: 

Sizes:  Small  Medium         Large 


D 


D 


(D)      Extraction  tub*. — ^Johnson,  for  fat  in  milk. 

Gxtruction    apparatus,  Soxhict,  with  two  extra  flasks,  extractor  and  Allihn 
condenser;    all  ground  joints; 

Slxes:  Small         Medium         Large 

Inside  diameter,  mm.    30  38  50 

"r  r  r~ 

Same,  with  2  flasks  and  Graham's  spiral  condenser: 
Sizes:  Small         Medium         Large 

Inside  diameter,  mm.  30  3S  50 


Same,  with  Hopkins  condenser,  ground  joint,  and  Sy  flask  for  mercury  seal: 
Sizes:  Small         Medium  [.ar^c 


D                 R 

I) 

Same, 

vith  Knorr  flasks: 

Siicb 

Small          Medium 

Large 

D 


R 


D 


(R)      Knorr,  with  perforated  platinum  disk. 
(D)      Same,  with  perforated  glass  disk. 

(R)  Same,  flasks  supplied  with  2  holes  in  the  neck,  to  take  care  of  return 
flow  of  ether. 

Parts  for  above 

Condenser  (R);  flask,  100  cc.  (R);  extraction  tube  with  platinum  disk. 
loose  (R);  extraction  tube  with  glass  disk  (D);  extraction  tube,  modified 
form,  with  nickel  disk  and  wire  clamp  or  with  platinum  disk  (D). 

(R)      Knorr.  modified  by  Walter  and  Goodrich. 

(D)      According  to  Prof.  G.  P.  Plaisance. 

(R)  Bailey-Walker,  consisting  of  glass  flask,  metal  condenser  and  glass 
siphon. 

(R)      Same,  with  25-cc.  Gooch  crucibles  in  place  of  glass  siphon. 


Metal  condenser  (R), 
Landsiedl : 

Sizes:  Medium 


Parts  for  abofse 
glass  flasks  (R);   glass  siphon  tube  (R). 

Large 


(D)     All  parts  for  above 

(R)      Extraction  tube  for  fat,  Rohrig.  Roese- Gottlieb  method,  ungraduated 

and  unstoppered. 
(R)      Same,  graduated. 
Extraction  apparatus,  Bremer: 

For  solution,  cc.      10       25       50 


D        D 

D 

(D) 

Graefe. 

(D) 

Hagemann 

,  for  liquids. 

(D) 

Kreussler 

(D) 

Cauldwell, 

tube  only  w 

th  perforated  bottom 

Glass  tube,  with  siphon: 

To  siphon,  cc. 

25       50 

100 

Kutscber  &  Stendel: 

Capacity,  cc.       500       1000 


Thorn: 
Sizes: 


Small        Larce 
D  D 


(R)      Wiley. 

(R)       Parts;    glass  tube  with  ground  flange. 

(D)      Wiley,  modified  by  Ford 

CR)      Wiley,  modified  by  Richardson. 

(R)      Underwriters'  Laboratories  pattern. 

(R)      Same,  with  suspended  porcelain  Gooch  crucible. 

(D)      For  insoluble  test  of  shellac. 

(R)      Joint  Rubber  Insulation  Committee  form. 

(R)      Reed,  for  bark  and  wood  extracts. 

(D)      DavoU. 

(D)      Yocum. 

(R)      Teas. 

Extraction  shells,  alundum: 

Height,  mm.  90  70  60  80  100 

Diameter,  mm.       19  25  26  30  34  35  32 

Shape  at  bottom  Flat      Flat      Round     Flat       Round     Flat      Round 


127 


Extraction  shells,  glass: 

Length,  mm.       80  80  gO  123 

Diameter,  mm.  25  22  33  43 

D  D  D  D 

Filter  Paper 

Recommendations  in  regard  to  filter  paper  are  offered  as 
tentative  suggestions  for  a  general  stock.  It  is  believed  that  a 
number  of  discontinued  items  should  be  obtainable,  particularly 
some  of  the  small  sizes.  Available  records  did  not  show  enough 
sales  of  the  discontinued  items  to  indicate  that  any  great  number 
of  chemists  desire  them. 

Unwashed 
(D)  entire  line.      Very  rapid,  for  gclatin-likc  filtrates. 
(R)   Rapid,  suitable  for  all  ordinary  work. 

Diameter,  cm.      4.25     5. a       7       9        11        12.5        l.'i       18.5      24 


D        D        R      R        R 

27      32       .38.5      40       50 


R 


(R)  SbeeU. 

Slow,  for  fine  precipitates: 
Diameter,  cm.       4.25     .' 


9        11        12.5        I.l 


D  D        R      R       R  R 

27      32       38.5       40       50 
D       D  D  D        D 

(R)      Sheets  23  in.  x  23  in. 

(D)  entire  line.     Very  slow,  for  fine  precipitates. 

(D)  entire  line.      Extremely  slow,  for  finest  precipitate 

Single  washed 
Rapid,  for  ordinary  precipitates: 


Diameter, 


11        12. 


IS. 


DORR  D  D  D 

(D)  Sheets. 
(D)  entire  line.     More  rapid,  for  flocculent  precipitates. 

Double  washed 
Used  where  results  are  obtained  by  direct  weighing  of  ignited  precipitate. 
Very  rapid,  for  flocculent  precipitates: 

Diameter,  cm.     5.5       7       9       11        12.5       15       18.5 


Diameter,  cm. 


D         D 

R 

R 

R 

R 

D 

y  precipitates: 

5.5       7 

9 

11 

12  3 

15 

IS  5 

D        R 

R 

R 

R 

R 

D 

pitates: 

5.5       7 

9 

11 

12.5 

15 

18.5 

(D)  entire  line.     Fat-free,  for  i 
Extremely  low  ash  content: 
Diameter,  cm.       5.5     7       9 


I  fat  determinations. 


D     R       R      R      R 

Hardened 


Tough  chemically  hardened  paper  for  use  with  filter  pumps: 

Diameter,  cm.     4.25       5.5       7       9        11        12.5       15       18.5 


R      R        R 
.5       40       50 


Folded 
Folded,  strong,  high  quality,  folded  in  way  to  prevent  tearing  at  the  point: 
Diameter,  cm.   12  5       15        IS. 5       24       32       38.5       50 


R 


R 


R 


(D)     Folded,   with   parchmentized   points. 

(D)  entire  line.      Thick  folded  filters. 

(D)  entire  line.     Folded  filters  of  hardened  paper, 

(D)  crtire  line.      Folded    filters,    for    filtration   of    varnishes,    gelatins,   and 

slimy  fluid. 
(D)  entire  line.      Extra  thick,  folded  filters,  very  soft  and  strong. 

Extraction  Thimbles 

Manufacturers  of  extraction  thimbles  should  give  the  internal  diameter  of 
the  same  and  should  not  allow  a  greater  variation  than  2  mm.,  the 
thickness  of  the  wall  of  the  regular  thimble  should  be  approximately  I  mm. 
Discontinuance  of  the  double  thickness  is  recommended. 

Retain  the  following  si 


19  X  90  mm. 

33  I  80  r 

22x80 

33x  94 

25x80 

43  X  123 
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Blaik. 
Filter  Cones, 


Misullan 


(D)      A  strong,  rapid  paper  with  low  ash. 

(D)      Arsenic  test  strips. 

(D)      Absorption  blocks.  14  x  16  mm.,  purified  by  acids. 

(D)      Drop  reaction  paper,  14  x  22  cm. 

(D)      Milk  analysis  strips. 

(D)      Extra  thick,  adapted  for  the  filtration  of  lic)Uors.  fruit  juices,  sirups, 

and  oils. 
(D)      Paper,  free  from  starch. 

(D)      Soft,  for  filtration  of  varnishes,  gelatins,  etc. 
(D)      Extra  thick.     A  specially  soft  and  strong  filter  paper  for  the  rapid 

filtration  of  all  kinds  of  varnishes. 
(D)      Very  soft,  for  rapid  filtration  of  all  kinds  of   varnishes,   gelatins,  and 

slimy  fluids. 
(D)      Filter  paper  in  rolls. 
Diffusion  shells: 

Sizes:        16  x  90  mm.  35  x  100  mm. 


R  D 

(D)      Thin  diffusion  shells,  for  the  determination  of  free  acid  in  leatbe 


Anatevvare,  with  handle; 

Diameter,  mm.    93       110        140        190        22.5 


D         R  R  R  R 

(D)      Agateware,  for  wide  mouth  bottles,  with  handle,  ."i  in. 

(D)      Creosote,  with  stem  graduated  to  12  cc. 

Glass,  with  angle  of  approximately  60**,  stem  ground  to  a  point : 

Diameter,  mm.        25       40       50       65       75       90       100       125       150 
Length  stem,  mm.  .iO       60       65       75       90        100       125       150 


D        R         R         R         R         R 

175  200  250  300 
150  150  150 


R 


D        R        R        R 
Glass.  Bunscn,  with  exact  angle  of  60**,  with  ground  rim.  long  stem: 
Diameter,  mm.        25       40       50       65        75         90     100       125       150 
Length  stem,  mm.  1.50      1.50     1.50     ISO     150       150     ISO       150       150 


R        R        R  R        R 

175  200  225  2.50  300 
150   150   150   1,50   150 


R 


D 


D         D         D         D  D 

Glass,  Bunsen,  with  constriction  in  stem: 

Diameter,  mm.     50       65       75       90        100 
D        D        D        D         D 
(D)      Glass,  nest  of  three;   one  of  each  V»in.,  1  in.  and  1 '/»  in.  diamcte 
Glass,  without  stem,  for  use  in  sugar  analy.sis; 
Diameter,  mm.  75       90        100 
R        R  R 

Glass,  with  bulb  in  stem: 

Diameter,  In.      4Vt       5'/*       7 


D  D         D 

Glass  filter,  so-called  carbon  filters,  for  use  with  Gooch  crucibles; 
Diameter,  mm.  (inside  dimensions)  25       28       32       37 
R        R        R        R 
Glass,  ribbed,  for  rapid  filtering: 

Diameter,  in.      2'/.      3'/,       3'/4      A'/,       5'A       7'/.      8'A     10'/.      13 
DDRRR  RRRR 

Gla.ss,  ribbed,  without  stem,  for  sugar  analysis: 
Diameter,  in.       2V4      3V4       4'A      5'A 
D  D  D  D 

Gla.ss,  with  deep  conical  corrugations  for  quick  filtering: 
Diameter,  cm.     7       9        16       20       24 
T)      D      D        D        D 
Alundum,  conical  filters: 

Diameter,  in.  I'A        2V>        3       4'A 


K 


R       R       R 


(D)      Gla.ss,  Spencer,  with  rubber  ring. 

(R)      CruJible  holder,  Bailey. 

(R)      Crucible  holder,  Walter,  for  Gooch  crucibles  of  : 

Crucible  holders,  Sargent,  plain  type; 

For  crucibles  top  diameter,  mm.     27       35       40 
R        R        R 
Copper: 

Capacity,  pts.     'A       'A       1        2       4        8 
D         D       D       D      D       D 


Porcelain,  with  handle: 
Diameter,  cm.     S.6       12 


Porcelain,  with  small  perforations,  and  handle; 

Diameter,  cm.      11       13       16       21       26 
D       D        D        D        D 
(R)      Funnel  heater,  consisting  of  10  coils  of  copper  tubing. 
(R)      Hot  water,    Koch's,  double   wall,  inside   diameter  5'/; 

single  wall. 
(D)      Hot   water,  Plantamour's; 

copper. 
Buchner,  of  acid-proof  stoneware 

Diameter,  cm.     16       26 


(D)   with 
(D)      with   steam   coil;    (D)      of  polished 


Hard  rubber,  polished 
Diameter 


Stoneware.  ; 
Diameter 


Tin  plate; 

Capacity,  pts 


3'A       4  v. 

5'A 

6'A 

R          R 

R 

R 

4        0        .S 

10 

12 

10 

D      D      D 

D 

D 

D 

'A       Vi 

1       2 

4 

8 

D      D 


D 


(D)      Hot  water  or  steam,  plain  glass,  double  jacketed. 

(D)      Same,  exhausted  and  silvered;  (D)  cover. 

(D)      Hot  air,  Lothar  Meyer,  copper. 

(R)      Separatory.  Carnot's.  capacity  200  cc. 

Separatory,  cylindrical,  open  top,  with  glass  stopcock,  long  stem: 

Capacity,  cc.  30       60       125       250 
D        R         R  D 

Cylindrical,  glass  stoppered: 

Capacity,  cc*  30       60        125       2.50      .300       ,500t     600       lOOOt     12.50 
DRRRDRD  R  D 

*  Plus  20%  Overage. 

t  The  500-cc.  and  1000-cc.  sizes  to  have  short'stems. 

Graduated  in  cc.  cylindrical: 

Capacity,  cc.   100       125       250       500*     1000* 
D  R  R  R  R 

*  The  500-cc.  and  1000-cc.  sizes  to  have  short  stems. 

Cylindrical,  glass  stoppered,  with  side  neck: 
Capacity,  cc.  300       600       1000 
D  D  D 

Separatory,  funnel  shape,  60°  angle,  heavy  glass  with  stopcock: 
Capacity,  cc  125        250        500        1000        2000        4000 

Diameter,  mm.       100       150  180 

~D  R  R  R  D  D 

Separatory,  globe  shape,  light  glass,  stopper,  stopcock  and  long  stem: 
Capacity,  cc.  30       60        125'      250       500       1000       2000 
"r        R         R  R  R  R  D~ 

Separatory,  globe  shape,  heavy  molded  glass,  stopper,  stopcock,  and  short 
stem; 
Capacity,  cc.    .500        1000        2000        4000 


Separatory,  Squibbs,  pear  shape: 

Capacity,  cc.   125         250         500        1000 
R  R  R  D 

(R)      Separatory.  Straus,  capacity  30 cc.  without  stopper. 
(R)      Separatory.  for  sulfonation  test  of  creosote.  125  cc. 
(R)      Separatory.  Walter,  for  delivering  single  drops.  60  cc. 
(1))      Shaking,  for  estimating  phenol  in  creosote. 
Thistle  top,  glass  stoppered: 

Capacity,  cc.  30       60       125       250 


D 


D 


Separatory,  bell  shape,  with  open  top: 

Capacity,  cc.     30       125 
R  R 

(D)      C.  M.  Johnson,  globe  shape,  long  stem,  open  top. 
With  rod  stopper,  for  quickly  separating  liquids; 

Capacity,  cc.   500        1000        2000        4000        8000 


toneware,  acid-proof,  conical  shape: 
Diameter,  cm.     23       30 


(D)     Sulfur,  heavy  glass,  angle  60° 
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Funnel  tubes,  thistle  top,  strHJKht: 
I.iiiKlli,  cm.     20       304045 


D        R 

R 

I) 

D 

iiiiu'l  tubes 
I.tnKth.  en 

coniciil  top: 
.      ^ir^        3(1 

40 

4.1 

.'lO 

Siifety.  thistle  lop.  with  lieml 
UuKlh.  clu.     30 
R 
(D>      Safety,  conical  top.  with  ben.l 
Safety,  with  bulbs,  thistle  top: 
No   of  bulbs     1        2        3 
R       R      R 
Same,  with  conical  top: 


D      D      D  • 

(D)      Vogel,  funnel  and  delivery  tube,  combined. 

Funnel  tube,  heavy,  short  stemmed,  with  bend  and  two  bulbs  for  usi 
gas  generator: 
Sizes:    Small  Large 

D  R 

{To  be  concluded) 


Clieiuical   Engineering  Kducation  (Ont'eivnce 

At  the  conference  on  Chemical  Engineering  Kducation,  con- 
ducted by  the  American  Institute  of  Chemical  Engineers  at 
Brooklyn  Polytechnic  Institute  on  May  16,  the  following  recom- 
mendations were  finally  adopted: 

1 — An  undesirable  multiplicity  of  subjects  is  now  included 
in  courses  in  chemical  engineering. 

2 — Wherever  possible,  it  is  desirable  to  avoid  splitting  major 
courses  into  a  number  of  minor  courses. 

3 — Any  course  in  chemical  engineering  should  provide,  as  the 
background  for  specific  instruction  in  chemical  engineering  as 
such,  strong  courses  in  chemistry,  physics,  mathematics,  and 
the  fundamentals  of  engineering. 

4 — As  preliminary  to  the  desirable  reorganization  of  chemical 
engineering  courses,  steps  should  be  taken  to  secure  agreement 
on  the  nomenclature  concerned  with  the  subjects  involved. 

5 — A  much  closer  agreement  in  the  weighting  of  the  various 
courses  as  to  clock  and  credit  hours  is  urgently  needed  in  those 
institutions  giving  courses  in  chemical  engineering. 

tj — The  committee  would  omit  from  chemical  engineering 
curricula  courses  in  civil  engineering,  sanitary  engineering, 
mining  engineering  (except  geology),  and  electrical  engineering 
beyond  its  fundamentals,  which  should  include  the  instruction 
required  for  the  erection  and  operation  of  motors  and  generators. 

7 — It  is  desirable  to  avoid  specialization  by  industries  in  the 
four-year  course  in  chemical  engineering.  When  specialized 
training  is  offered,  the  specialized  subjects  should  preferably 
be  segregated  as  graduate  work.  This  applies  to  such  subjects 
as  petroleum  technology,  sugar,  cellulose  technology,  fuels  and 
oils,  and  refrigeration. 

8 — The  committee  considers  a  thorough  grounding  in  English, 
a  reading  knowledge  of  some  foreign  language,  and  a  reasonable 
familiarity  with  English  literature  essential  to  the  adequate 
training  of  the  chemical  engineer,  and  regards  English  as  one 
of  his  most  effective  working  tools.  It  recommends  a  special 
course  in  report  wTiting  and  the  oral  presentation  of  projects. 

9 — The  committee  recommends  that  a  "source  of  information" 
course  or  its  equivalent  be  provided  as  a  part  of  the  chemical 
engineering  course.  This  specialized  course  should  familiarize 
the  student  with  patent  literature,  governmental  reports,  bibliog- 
raphies, trade  journals  and  catalogs,  abstract  journals,  publica- 
tions of  societies  and  other  technical  literature,  the  resources 
of  libraries,  and  the  activities  of  scientific  and  technical  organ- 
izations throughout  the  world. 

10 — The  committee  recommends  that,  wherever  possible, 
engineering  studies  should  be  preceded  by  three  years  of  general 
college  training,  in  which  special  emphasis  be  given  to  mathe- 
matics, physics,  chemistry,  English  history,  and  economics, 
with  the  idea  of  obtaining  a  broad  foundation  for  their  profes- 
sional study  and  of  entering  upon  this  study  at  a  greater  ma- 
turity and  with  presumable  reduction  of  time  required  for  their 
professional  courses. 

11 — The  committee  wishes  to  emphasize  the  fact  that  the 
chemical  engineering  profession  is  a  difficult  one  and  that,  ac- 
cordingly, a  thorough  and  broad  preparation  for  entrance  should 


be  insisted  ui)on  by  institutions  offering  courses  in  chemical 
engineering. 

12 — The  committee  recommends  that  technical  schools  and 
professional  schools  of  universities  arrange  their  courses  so  that 
properly  qualified  college  graduates  may  secure  a  professional 
degree  at  the  end  of  a  two-year  course. 

13 — The  committee  deprecates  the  use  of  undergraduate  or 
even  graduate  students  as  major  instructors  (instructors  of 
laboratory  sections  or  quiz  sections)  in  charge  of  classes  of 
chemical  engineers,  even  in  the  freshman  year. 


If,:-;:; 


Amerit-an  Oil  ("lieniists'   Society 

'T'HE  American  Oil  Chemists'  Society  held  its  thirteenth 
*  annual  convention  at  the  Grunewald  Hotel,  New  Orleans, 
I,a..  on  June  7  and  8,  Wl'l.  On  account  of  conditions  prevailing 
in  the  Mississippi  Valley  early  in  May.  the  meeting  was  post- 
poned from  May  8  and  9  until  this  time.  What  was  lacking  in 
attendance  ow'ing  to 
the  postponed  date  and 
the  general  financial 
condition  in  the  vege- 
table oil  industry  was 
more  than  compen- 
sated for  by  the  en- 
thusiasm of  those 
present. 

The  committee  re- 
ports were  printed 
and  distributed  at  the 
meetings,  as  was  done 
last  year.  This  plan 
permits  those  present 
to  give  these  reports 
more  consideration 
than  if  the  papers  were 
merely  read,  brings 
out  the  more  impor- 
tant features  of  the  re- 
ports for  discussion,  ex- 
pedites the  disposal  of 
the  reports,  and  leaves 
ample  time  for  the  consideration  of  other  more  important  papers. 

Dr.  Geo.  S.  Jamieson,  Chemist  in  Charge  of  the  Oil,  Fat,  and 
Wax  Laboratory  of  the  U.  S.  Bureau  of  Chemistry,  and  an 
Honorary  Member  of  the  Society,  presented  a  most  important 
paper  as  the  result  of  his  laboratory's  investigations  on  the  com- 
position of  vegetable  oils,  with  particular  reference  to  cotton- 
seed oil,  imder  the  title  of  "The  Analysis  of  Crude  \'egetable 
Oils."  Dr.  Jamieson  outlined  a  method  for  the  determination 
of  the  actual  amount  of  pure  glycerol  in  crude  vegetable  oils. 
His  investigations  have  also  revealed  that  in  the  usual  refining 
processes  of  cottonseed  oil  other  substances  than  the  free  fatty 
acids  combine  with  the  caustic  soda  used.  He  has  isolated  a 
small  quantity  of  these  substances  and  has  found  them  to  contain 
phosphorus  and  other  inorganic  radicals.  When  the  values  of 
these  non-fat  bodies  have  been  determined  and  the  part  that  they 
play  in  actual  commercial  refining  operations  is  known,  it  will  be 
much  easier  than  at  the  present  time  to  judge  the  efficiency  of  the 
refining  operations. 

Dr.  David  Wesson,  Technical  Director  of  the  Southern  Cotton 
Oil  Co.,  and  one  of  the  founders  of  the  American  Oil  Chemists' 
Society,  had  his  new  E.  K.  Colorimeter  on  exhibition  at  the 
meeting.  With  this  instrument  Dr.  Wesson  has  been  making 
an  exhaustive  study  of  the  possible  solution  of  the  various 
difficulties  surrounding  the  present  color  grading  of  vegetable 
oils.  He  also  described  and  showed  lantern  sUdes  of  another 
instrument  which  is  being  perfected  by  Keuffel  &  Esser  Co., 
showing  a  number  of  oil  absorption  curves  of  oils  and  Lovibond 
glasses.     An  interesting  feature  in  regard  to  this  was  that  the 


Society 


6C0 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  7 


curves  for  refined  cottonseed  oils  show  at  one  point  a  striking 
depression  which  may  be  nearly  eliminated  by  bleaching  with 
fuller's  earth.  Dr.  Wesson  said  that  %vith  the  KeufFel  &  Esser 
instrument  it  will  be  possible  to  tell  whether  a  given  oil  has  been 
partly  bleached  or  whether  a  given  refined  oil  is  bleachable. 

Suitable  resolutions  were  presented  as  memorials  to  Dr.  Frank 
N.  Smalley  and  Dr.  Charles  Baskerville,  both  members  of  the 
Society  claimed  by  death  during  the  past  year.  As  a  further 
memorial  to  Dr.  Smalley,  the  Society's  cooperative  analytical 
program  of  work  on  cottonseed  meal  is  to  be  known  as  the 
Smalley  Foundation. 

A  number  of  certificates  of  proficiency  in  analytical  work,  as 
a  part  of  the  cooperative  analytical  program,  were  given  to  several 
of  the  members  by  Herbert  Bailey,  Chief  Chemist  of  the  Southern 
Cotton  Oil  Co.,  and  chairman  of  the  committee  on  this  work. 
The  subjects  covered  by  this  program  this  year  were  meals 
(for  ammonia  and  oil),  oils,  soapstocks,  fats,  and  fertilizers. 

The  Society's  silver  loving  cup,  which  is  presented  each  year 
to  the  member  doing  the  most  accurate  work  on  its  set  of  co- 


operative meal  samples,  was  awarded  at  the  annual  banquet  to 
Dr.  H.  B.  Battle  of  Montgomery,  Ala.  This  work  consisted  of 
thirty-eight  meal  samples  during  the  year,  on  which  there  were 
nearly  one  hundred  collaborators. 

The  report  of  the  Secretary-Treasurer  showed  the  Society  to  be 
in  an  excellent  financial  condition,  and  that,  notwithstanding 
the  business  depression  that  has  existed  and  the  large  number  of 
members  lost,  there  has  been  a  growth  of  15  per  cent  in  its  mem- 
bership. 

The  Society  voted,  upon  recommendation  of  its  Governing 
Committee,  to  incorporate  under  the  laws  of  Louisiana. 

The  following  officers  were  elected  for  the  ensuing  year: 

President:    L.  M.  Tolman,  Chief  Chemist,  Wilson  &  Co..  Chicago,  lU. 

Vice  President:    H.  B.  Battle,  The  Battle  Laboratory,  Montgomery,  Ala. 

Secretary-Treasurer:  Thos.  B.  Caldwell,  Manager,  Law&  Co.,  Wilming- 
ton, N.  C. 

Editor  Chemists'  Section:  Herbert  Bailey,  Chief  Chemist,  Southern 
Cotton  Oil  Co..  Savannah,  Ga. 

Thos.  B    Caldwell,  Secretary 


LONDON   LETTER 


By  Step 


Miaul,  157  Haverstock  Hill.  Hampstcad.  N'.   W.  3,  England 


The  success  of  a  chemical  works  largely  depends  on  its  effi- 
ciency, and  it  is  not  surprising  that  the  chemical  engineers, 
who  consider  that  the  prosperity  of  the  world  will  be  a  function 
— in  expanding  terms — of  the  efiiciency  of  industrial  chemistry, 
take  themselves  somewhat  seriously.  Great  debate  has  taken 
place  on  the  relative  importance  of  engineering  and  chemistry, 
how  best  to  combine  the  two.  About  three  years  ago,  the 
radioactive  chemical  engineers  in  this  couutrj'  formed  a  separate 
group  of  the  Society  of  Chemical  Industry.  It  is  characteristic 
of  all  radioactive  bodies  to  maintain  a  temperature  rather  above 
the  normal.  The  greater  the  effusion  of  energy,  the  greater  is 
the  bombardment  of  neighboring  bodies,  but  in  due  course  a 
state  of  equilibrium  is  reached.  It  seems  probable  that  this 
state  has  now  been  attained  in  this  country;  the  Chemical 
Engineering  Group  has  published  and  is  continuing  to  publish 
very  valuable  reports  on  filtration  and  on  a  variety  of  other  sub- 
jects, and  at  the  next  annual  meeting  of  the  Society  of  Chemical 
Industr>',  to  be  held  in  Glasgow  in  July,  there  will  be  papers 
contributed  by  members  of  the  Group  on  the  design  of  ammo- 
niacal  liquor  stills,  on  tar  distillation,  and  on  other  matters  con- 
nected with  distillation.  The  chemical  engineers  are  also  organ- 
izing an  Institute  of  Chemical  Engineers  which,  in  comparison 
with  the  Group,  will  consist  of  the  same  atoms  only  slightly 
differently  arranged. 

Paint  Affo  Varnish  Industry 

There  are  always  two  opposing  forces  at  work  in  bodies  of 
scientific  men,  a  tendency  toward  fission  and  a  tendency  toward 
fusion.  Attraction  and  repulsion  prevail  in  turn,  just  as  in- 
dividualism and  commmiism  are  fashionable  in  their  respective 
seasons.  An  effort  is  now  being  made  for  a  fusion  of  the  scien- 
tific societies  concerned  in  the  paint  and  varnish  industry,  and 
if  the  effort  succeeds  it  is  hoped  that  the  dissemination  of  scien- 
tific knowledge  in  this  domain  will  be  better  done  than  has  hitherto 
been  possible  here. 

Slowxv  Improving  Conditions 

Trade  conditions  seem  a  little  better;  the  income  tax  has 
been  reduced  by  a  shilling  in  the  pound,  and  that  is  something 
at  any  rate.  The  hea\T  chemical  trade  here  is  appreciably  better 
than  it  was,  and  the  home  demand  for  products  of  other  trades 
is  improving,  but,  generally  speaking,  the  export  trade  has  hardly 
enough  vitality  to  keep  it  from  putrefaction.  Unfortunately, 
there  is  only  one  remedy  for  this  trouble  and  it  is  slow  in  its 
operation.  We  and  you  and  all  other  countries  will  have  to  live 
laborious  days,  deny  ourselves  a  lot  of  luxuries  we  are,  or  have 
been,  accilstomed  to,  write  down  in  our  balance  sheets  the 
capital  values  of  our  works  and  our  plant,  effect  economics  in 
our  process  costs,  and  so  gradually  put  all  our  concerns  into  a 
sound  and  prosperous  state  so  that  the  world  can  again  become 
rich  enough  to  indulge  in  that  international  trade  on  which  so 


many  of  us  depended  for  our  butter — bread  we  can  sometimes 
procure  out  of  our  home  trade. 

International  CoNrERENCES 

This  is  the  season  for  international  conferences.  One  has 
recently  been  held  in  Brussels  and  a  number  of  very  interest- 
ing papers  were  read,  mcluding  one  on  "Molecular  Configuration 
and  Optical  Activity,"  by  Sir  William  Pope,  one  on  "X-Ray 
Analysis  and  Molecular  Structure,"  by  Sir  William  Bragg,  and 
one  on  "The  Separation  of  Isotopes,"  by  Messrs.  Perrin  and  Ur- 
bain.  No  one  thought  a  few  years  ago  that  the  researches  of 
Sir  William  Crookes  on  the  rare  earths  would  prove  to  be  an 
important  stage  in  the  development  of  the  gas  mantle  industry, 
or  that  the  work  of  Pictet,  Cailletet,  Dewar,  and  others  on  the 
liquefaction  of  gas  would  effect  a  revolution  in  industrial  chem- 
istry. It  may  be  that  in  future  years  the  theoretical  work 
on  the  nature  of  the  elements  and  their  relationship  to  each  other 
will  have  results  which  no  one  can  at  present  foresee. 

Then  we  are  to  have  the  annual  meeting  of  the  Union  Inter- 
nationale de  la  Chimie  Pure  et  Appliquce  at  Lyons  at  the  end 
of  June.  The  British  delegation  will  probably  include  Sir 
William  Pope,  Professors  Lowry  and  Soddy,  Dr.  Aston,  and 
the  writer. 


I  hear  that  the  Jefferies-Norton  system  for  the  jiroduction  of 
oxygen  on  the  large  scale  is  attracting  attention  over  here; 
this  process,  which  I  fancy  hails  from  Massachusetts,  has  been 
described  in  many  papers  published  in  American  journals,  and 
it  is  quite  on  the  cards  that  it  will  provide  oxygen  in  bulk  at  a 
less  cost  than  any  previous  process.  I  hear  from  more  than 
one  source  that  its  possibilities  seem  very  interesting,  and  that 
installations  of  the  plant  are  under  consideration. 


The  Low  Temperature  Carbonization  Company  report  that 
their  plant  at  Barnsley  in  Yorkshire  is  working  smoothly  and 
that   interesting   developments   will   be   published   shortly. 


Dr.  E.  F.  Armstrong  is  nominated  as  the  new  president  of 
the  Society  of  Chemical  Industry  and  will  no  doubt  act  with 
his  characteristic  energy.  The  Society  has  a  number  of  intricate 
and  important  matters  of  policy  to  consider  during  the  next  two 
or  three  years,  and  one  of  the  most  diflicult  is  how  best  to  achieve 
some  such  coordination  of  chemical  interests  as  you  have  suc- 
cessfully accomplished  in  America. 

May  15,   1922 


Continuance  of  the  qualified  embargo  of  foreign  dyes  was  en- 
dorsed by  the  American  Cotton  Manufacturers'  Association  at  its 
annual  convention  held  in  Washington,  1).  C,  recently. 
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The  Tariff 

Notwithstanding  the  numerous  vehement  attacks  made 
against  the  domestic  dye  industry  by  vScnator  King,  the  Senate 
has  passed  Paragraphs  2')  and  12(1  rchiting  to  dyes.  Paragraph 
25  carries  a  duty  of  50  per  ct'ul  ad  valorem  and  7  cents  jicr  pound 
on  crude  coal-tar  dyes,  and  Paranrapli  20,  CO  per  cent  ad  valorem 
and  7  cents  per  pound  on  inUrniediates.  The  dye  embargo, 
around  which  the  greatest  opposition  centers,  has  been  passed 
over  temporarily,  but  it  is  generally  conceded  that  the  tactics 
employed  by  the  opposition  to  prevent  its  passage  will,  in  reality, 
be  a  blessing  in  disguise  to  the  industry,  and  while  the  fight  will 
be  a  long  ami  bitter  one  it  seems  certain  that  sufficient  votes  will 
be  secured  to  guarantee  the  retention  of  the  embargo  clause  in 
the  bill. 

With  one  or  two  notable  exceptions,  the  Senate  has  stood 
strongly  back  of  the  recommendations  of  its  Finance  Committee. 
It  overruled  the  committee,  however,  when  it  placed  cyanide  and 
manganese  on  the  free  list. 

It  is  greatly  to  be  regretted  that  the  Senate  changed  the  duty 
on  scientific  and  laboratory  instruments  and  ajjparatus  from  55 
to  35  per  cent,  and  it  is  to  be  hoped  that  the  conferees  will  re- 
store the  55  per  cent  duty  when  tlie  bill  goes  to  them  for  con- 
sideration. 

Muscle  Shoals 

The  House  Committee  on  Military  Affairs,  after  exhaustive 
hearings  covering  several  months,  has  introduced  a  bill  in  Con- 
gress recommending  that  the  Ford  offer,  as  modified  by  the  com- 
mittee and  approved  by  Mr.  Ford,  be  accepted  with  the  single 
exception  that  the  Gorgas  Warrior  steam  plant  be  eliminated 
from  the  proposal.  In  submitting  its  report  the  committee 
urged  upon  Congress  the  desirability  of  early  action  in  accepting 
the  Ford  proposal  and  in  the  enactment  of  the  necessary  legisla- 
tion. Minority  members  of  the  committee  have  also  introduced 
a  bill  recommending  that  the  Ford  proposal  be  accepted  in  its 
entirety.  Still  other  members  of  the  group  feel  that  the  Ford 
proposal  should  undergo  further  modifications  before  it  is  ac- 
cepted, and  have  so  recommended  to  Congress.  Meantime,  the 
Attorney  General  has  decided  that  the  contracts  entered  into 
by  the  War  Department  and  the  Alabama  Power  Company, 
which  were  believed  by  some  to  give  the  Alabama  Power  Com- 
pany exclusive  or  preferential  rights  to  purchase  the  Gorgas 
plant  and  Nitrate  Plant  No.  2,  are  invalid. 

The  Senate  Committee  on  Agriculture  and  Forestry  has 
practically  concluded  the  hearings  which  it  has  been  conducting 
for  some  weeks  on  Muscle  Shoals,  although  upon  request  it  con- 
tinues to  hear  witnesses  from  time  to  time.  Senator  Norris, 
Chairman  of  the  committee,  has  introduced  a  bill  in  the  Senate 
providing  for  the  operation  of  the  Muscle  Shoals  project  by  a 
government  corporation  to  be  known  as  the  Federal  Chemical 
Corporation,  and  the  Senate  has  passed  an  amendment  to  the 
Army  Bill  appropriating  S7,50O.U0O  to  continue  the  work  on  the 
Wilson  Dam.  Just  what  action  will  be  taken  by  the  conferees 
upon  this  amendment  remains  to  be  seen.  Much  interest 
centers  around  this  action,  particularly  in  view  of  the  increasing 
sentiment  among  representatives  in  favor  of  the  acceptance  of 
the  Ford  proposition  in  an  amended  form  as  recommended  by 
the  Committee  on  Militarj-  Affairs. 

Reparation  Dyes 

On  June  16  Senator  Shortridge  introduced  the  following  Joint 
Resolution  which  was  referred  to  the  Committee  on  Foreign 
Relations ; 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States 
of  America  in  Congress  assembled  that  the  President  be  and  he  is  hereby 
authorized  and  requested  to  take  such  measures  as  may  be  required  to 
secure  for  the  United  States  of  America  or  its  Nationals  the  dyestuffs  and 
chemical  drugs  to  which  the  United  States  of  America  may  be  entitled 
under  Section  I,  Article  2  of  the  Treaty  of  Peace  between  the  United  States 
of  America  and  Germany,  proclaimed  November  14,  1921. 


The  appointment  of  C.  R.  DeLong  as  head  of  the  new 
Chemical  Division  of  the  Bureau  of  Foreign  and  Domestic 
Commeri  e  is  announced.  Mr.  DeLong  is  at  present  head  of  the 
Chemical  Section  of  the  Tariff  Commission  and  will  assume  his 
new  duties  in  the  Department  of  Commerce  on  August  1. 


.\  Hudi^T  ii>i(  (.  iii:mical  Warfare  Service 
The  Senate  amended  the  Army  Bill  by  increasing  the  a|)|>ro- 
priation  for  Chemical  Warfare  Service  from  S50(),()()0  to  S7.'0,U00. 
One  million  dollars  was  originally  requested  as  the  minimum 
amount  necessary  for  the  eflicient  conduct  of  this  work.  If  the 
conferees  agree  to  this  amendment,  therefore,  it  will  mean  that 
Chemical  Warfare  Service  will  be  able  to  preserve  more  oif  the 
nucleus  of  its  organization,  which  is  imperative  if  it  is  to  carry 
out  a  well-rounded  program  of  research  and  development. 
Conservation  of  Helium  Gas 
The  bill  before  Congress  authorizing  the  conservation,  pro- 
duction, and  exploitation  of  helium  gas  has  for  its  main  object 
the  conservation  of  our  fast-diminishing  supply  of  helium  gas. 
At  the  i)rescnt  time  it  is  estimated  that  500,000,000  cu.  ft.  of 
helium  gas  are  lost  annually  through  the  ordinary  commercial 
use  of  natural  gas  containing  it.  The  bill  carries  with  it  an 
appropriation  of  $5,000,000,  of  which  $4,000,000  are  desired  for 
conservation  i)urposes  and  $1,000,000  for  the  purchase  or  con- 
trol of  gas  fields,  drilling  wells,  laying  of  pipe  lines,  and  for  the 
construction  of  a  plant  on  or  adjacent  to  the  contemiilated  gas 
fields  purchased,  for  the  purpose  of  supplying  such  amounts  of 
the  gas  as  may  be  necessary  to  meet  the  future  requirements  of 
the  Army  and  Navy.  The  bill  was  considered  in  conference  by 
the  Secretaries  of  War,  Na\-y,  and  Interior  and  has  been  unquali- 
fiedly approved  by  them.  It  has  also  been  strongly  endorsed  by 
the  President,  If  the  bill  is  passed  in  its  present  form  it  will  put 
all  work  of  extracting  helium  from  nattu'al  gas  under  the  Interior 
Department. 

Dr.  R.  B.  Moore,  Chief  Chemist  of  the  Bureau  of  Mines,  gave 
a  public  lecture  at  University  College,  London,  on  May  24,  1922. 
He  chose  for  his  subject  "The  Commercial  Manufacture  of 
Helium  by  the  Government  of  the  United  States." 

Dr.  Richard  C.  Tolman  has  resigned  as  Director  of  the  Fixed 
Nitrogen  Research  Laboratory  to  accept  a  position  as  Professor 
of  Physical  Chemistry  and  Mathematical  Physics  in  the  Depart- 
ments of  Chemistry-  and  Physics  at  the  California  Institute  of 
Technology,  Pasadena,  Cal.  The  California  Institute  of  Tech- 
nology has  recently  been  reorganized  with  Prof.  R.  A.  Millikan 
as  Director  of  the  Norman  Bridge  Laboratory  of  Physics,  and 
Prof.  A.  A.  Noyes  as  Director  of  the  Gates  Chemical  Laboratory. 
The  Institute  plans  a  strict  limitation  on  the  number  of  under- 
graduate students,  and  will  concentrate  on  graduate  and  research 
work.  An  active  cooperation  will  be  maintained  between  the 
research  work  of  the  Institute  and  that  of  the  Mt.  Wilson  Solar 
Observatory  along  the  fundamental  lines  of  common  interest  to 
physics,  chemistry,  and  astronomy. 

Dr.  Tolman  will  assume  his  new  duties  at  the  commencement 
of  the  fall  term. 

Dr.  F.  G.  Cottrell  has  been  appointed  to  succeed  Dr.  Tolman 
as  Director  of  the  Fixed  Nitrogen  Research  Laboratory. 

At  the  meeting  of  the  Trustees  and  Editorial  Board  for  the 
publication  of  Critical  Tables  of  Physical  and  Chemical  Con- 
stants which  was  held  in  Cleveland,  May  21,  1922,  it  was  agreed 
that  the  official  designation  of  the  tables  should  be  "International 
Critical  Tables;"  the  sub-title  to  read  "Tables  of  Constants  and 
Numerical  Data  of  Physics,  Chemistry,  and  Technology  Criti- 
cally Prepared  imder  the  Auspices  of  the  International  Research 
Council." 

It  was  decided  that  the  initial  office  staff  should  consist  of  an 
editor,  one  chemist,  one  physicist,  and  such  other  assistants  as 
should  be  needed  during  the  progress  of  the  work.  Dr.  C.  J. 
West  was  appointed  as  the  assistant  editor  representing  chemis- 
try. The  editor  was  authorized  to  arrange  for  one  corresponding 
member  of  the  editorial  board  for  each  country-  represented  in 
the  International  Research  Council,  and  to  visit  certain  European 
experts  for  the  purpose  of  securing  their  cooperation  and  assis- 
tance in  the  compilation  of  the  Tables. 

Dr.  John  Bassett  Moore  has  been  appointed  to  represent  the 
United  States  on  the  Rules  of  Warfare  Commission,  authorized 
by  the  Disarmament  Conference.  The  Commission  will  consist 
of  not  more  than  two  representatives  from  each  of  the  following 
countries:  United  States,  Great  Britain,  France,  Italy,  and 
Japan. 

June  17,  1922 
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PARIS  LETTER 


By  Charles  Ix>rmand,  4  Avenue  de  I'Observatoire,  Paris,  Franc 


Information  which  we  receive  from  the  United  States  indicates 
the  approach  of  the  end  of  the  economic  crisis  which  has  been 
felt  in  America  as  well  as  in  France.  We  learn,  for  example, 
that  the  steel  industry  is  working  at  85  per  cent  capacity  and 
that  the  number  of  workmen  has  had  to  be  increased.  These 
are  encouraging  indications  and  console  us  a  little  for  vain  and 
profitless  political  conferences. 

Petroleum  and  Other  Fuels 

The  general  opinion  that  the  Genoa  Conference  w;as  essentially 
a  petroleum  conference  has  aroused  in  France  an  inclination  to 
try  to  economize  as  much  as  possible  in  the  precious  product. 

The  different  borings  in  Auvergne  to  which  I  have  referred 
this  past  year  have  unfortunately  not  yet  given  results.  They 
are  being  persistently  investigated,  and  sometimes  gas  and  a  little 
oil  are  found,  sometimes  nothing.  These  alternations  of  success 
and  failure  are  bound  to  be  discouraging,  but  the  engineers  are 
persisting  in  their  researches. 

I  have  also  spoken  of  various  organizations,  such  as  ori  a 
national  motor  fuel,  and  the  committees  on  the  carbonization 
of  coal  and  lignite.  These  organizations  are  seeking,  each  in 
its  own  sphere,  for  the  better  utilization  of  the  distillation 
products  of  coal  and  of  lignite.  This  will  also  be  true  of  the  con- 
gress on  petroleum,  or  rather  on  combustible  liquids,  which  is 
to  be  held  in  France  in  October. 

One  of  the  combustibles  already  studied  is  the  hydride  of  naph- 
thalene. This  product,  under  the  name  of  tetraline,  was  rnade 
in  large  quantities  by  the  Germans  during  the  war,  who  used  it  in 
mixture  with  alcohol  and  benzene.  It  is  obtained  by  the  catalytic 
hydrogenation  of  naphthalene. 

Except  at  some  large  gas  works,  naphthalene  is  not  recovered 
in  France.  The  plan  would  be  to  instal  in  all  the  small  gas  works 
apparatus  for  the  total  recovery  of  by-products,  even  in  factories 
with  a  capacity  of  1,000,000  cubic  meters  per  year,  which  is  ver>' 
low.  The  naphthalene  thus  recovered  and  collected  would  finally 
be  hydrogenatcd  with  hydrogen  obtained  by  the  Haber  process. 
The  hydrogen  apparatus  developed  and  installed  would  serve, 
later,  as  a  type  for  the  installations  intended  for  the  fixation  of 
nitrogen.  -  ,      ,  . 

It  is  of  interest  to  settle  definitely  the  cost  of  hydrogen  by 
the  Haber  and  Claude  processes.  Discussions  of  this  question 
are  far  from  settled.  According  to  Mr.  Lheure,  Director  of  the 
Claude  factory,  the  price  of  hydrogen  by  the  Claude  process 
would  give  an  economy  of  Hi  per  cent  over  the  Haber  process. 
The  price  of  hydrogen  would  be  2  fr.  4.")  per  100  cubic  meters. 
On  the  other  hand,  according  to  Mr.  Patard,  Director  General  of 
Explosives,  it  would  be  necessary  that  the  hydrogen  be  sold 
at  a  very  low  price,  about  8  fr.  64  per  ton  of  fixed  nitrogen,  or 
0  fr.  3.3  per  100  cubic  meters.  According  to  Mr.  Patard,  the 
Claude  process  involves  a  selling  price  of  hydrogen  higher  by  40 
per  cent  than  that  used  at  Oppau. 

Baryta  in  the  Sugar  Industry 

Also  in  the  field  of  industrial  chemistry,  Mr.  Baud  has  found  an 
ingenious  solution  of  the  use  of  baryta  in  the  sugar  industry. 
It  is  known  that  extraction  of  sugar  as  barium  sucrate  is  much 
more  satisfactory  in  yield  than  extraction  with  lime.  Fifteen 
per  cent  of  the  sugar  produced  is  in  the  molasses  and  cannot  be 
recovered  with  lime,  while  with  baryta  this  is  possible.  The 
objection  to  the  baryta  extraction  lies  in  the  fact  that  barium 
carbonate  requires  a  temperature  of  1.500°  for  conversion  to 
baryta,  and  the  furnaces  used  for  calcination  are  rapidly  de- 
stroyed on  account  of  the  alkalinity  of  the  product. 

Mr.  Baud  has  shown  that  one  can  advantageously  use  tri- 
barium  silicate,  SiOsBaO  +  BaCOj.  This  silicate  regenerates 
its  baryta  easily  at  1280°  and  the  walls  of  the  furnace  are  not 
attacked. 

Washing  on  a  Small  Scale 

Mr.  Lumi^re,  of  Lyons,  has  been  making  a  study  of  industrial 
washing,  and  has  obtained  very  interesting  results.  I'sing  a 
little  siphon  consisting  of  a  twisted  strip  of  cotton,  he  has  com- 
pletely washed  a  9  X  12  photographic  plate  with  30  cc.  of  water  in 
12  to  1.5  minutes. 

The  method  used  is  most  ingenious,  and  makes  possible  not 
only  the  washing  of  photographic  plates  with  very  small  amounts 


of  water  in  a  very  short  time,  but  also  the  washing  of  precipitates 
and  the  separation  of  liquids  from  suspended  materials. 

The   process   is   susceptible   of   great   industrial   application. 

Studies  on  Sea  Water 

Up  to  this  time  people  have  believed  that,  while  saline  con- 
centration in  sea  water  might  vary,  the  ratio  of  the  elements 
contained  therein  was  always  the  same.  By  taking  the  density 
of  sea  water  and  consulting  the  Knudsen  tables,  the  degree  of 
salinity  was  easily  obtained. 

Messrs.  Gabriel  Bertrand  and  Frendelcr  have  demonstrated 
that  the  ratio  of  the  different  elements  is  not  as  constant  as 
has  been  a.s.sumcd.  They  have  studied  especially  the  variations 
in  calcium  and  magnesium  at  different  points.  Other  investiga- 
tions along  the  same  lines  have  been  made,  and  their  conclusions 
will  be  reijorted  at  the  International  Conference  at  Lyons  at  the 
end  of  this  month. 

The  samples  of  standardized  sea  water  furnished  by  Denmark 
would  no  longer  be  used  as  a  basis  of  comparison.  One  would 
simply  make  halogen  determinations. 

Pure  Scandium   Salts 

Mr.  Georges  Urbain,  a  member  of  the  International  Committee 
on  Atomic  Weights,  is  continuing  his  excellent  work  on  the  rare 
metals. 

He  has  been  able  to  prepare  very  pure  samples  of  scandium 
salt,  starting  from  the  mineral  thorveitite  and  using  potassium 
sulfate.  This  will  make  possible  the  pursuit  of  work  on  this 
little  known  element. 

With  one  of  his  collaborators,  Mr.  Dauvillier,  Mr.  Urbain  has 
also  been  able,  by  means  of  high  frequency  spectra,  to  determine 
exactly  the  atomic  numbers  of  the  new  elements  which  he  has 
discovered. 

In  1914  Mr.  Urbain  followed  the  experiments  of  Moseley. 
The  death  of  the  latter  during  the  war  intermixed  his  work. 

The  conclu.sion  of  Mr.  Urbain's  work  is  that  the  ytterbium  of 
Marignac  contained  three  elements;  neoytterbium,  with  atomic 
weight  70,  lutecium,  with  atomic  weight  71,  and  celtium,  with 
atomic  weight  72.  The  use  of  high  frequency  spectra  has,  alone, 
made  po.ssible  this  separation. 

Mother  of  Pearl 

Messrs.  Clement  and  Riviere  have  shown  that  the  nacre, 
very  common  in  shells,  is  due  to  a  network  phenomenon,  which 
can  be  very  simply  reproduced  by  pouring  on  the  surface  of  gelatin 
containing  a  calcium  salt  a  solution  of  sodium  carbonate  and 
sodium  nitrate.  There  forms  at  the  interface  of  the  gelatin  and 
the  liquid  calcium  carbonate,  in  a  network  of  fibers  absolutely 
identical,  from  the  ojitical  point  of  view,  with  nacre. 


The  International  Conference  at  Lyons  opens  June  27,  and 
will  be  followed  by  the  Congress  of  Industrial  Chemistry  at 
Marseilles.  I  shall  attend  these  meetings  and  will  not  fail  to 
report  the  interesting  points. 


J" 
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Lead  Pigments 

The  following  table  shows  the  quantity  and  value  of  lead 
pigments  marketed  in  the  United  States  in  1920  and  1921,  as 
reported  by  producers  to  the  United  States  Geological  Survey. 

'  , Value ■  ■ Value • 

Short  Per  Short  Per 

Tons         Total  Ton  Tons  Total  Ton 

'^"whTtc'"'""'  '     12  412  $2,083,647  $167.87  1 1  ,.ifiS  $1,418,403  $122  61 

Blue 928        153,657  165.58  463           .^.,593  126,55 

Red  lead::...     1  I21M*     3.410,904  158.36 

34,431     7.523,089  218.50  ^         _  „,„.„ 

OranKC  mineral  I  379  91,184  240. W 

LitharKe        ..        62.329  12.386,185  198.72  41,953     5,740,690  136.84 

White  lead:            ^^            6,351,798  188.60  26.695     3,749.851  140  47 

In  oil 112,017  25.986.100  231.98  143,634  27.713,2.^7  1(12  94 

1  Includes  basic  sulfate  lead. 
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Personals 


TIh-  rtrciit  ilcMth  of  the  Swiss  (.-hcmists  Phillipe  A.  Guye  :mcl 
Traugott  Sandmeyer  will  prove  a  ^mai  loss  lo  fluiiiisUv  In 
:ulilitii>n  to  liis  im]iorliiiit  work  in  organic  and  iiliysiial  iluiuislry 
and  in  llii;  dctirniination  of  atomic  weights.  Cnyt-  founiKil  tin- 
Journal  de  Chiiiiie  Physique  and  was  active  in  foniulinn  tlu-  l/rl- 
velica  Chimicn  Ada.  He  was  a  member  of  the  International 
Committee  on  Atomic  WeiKlits.  honorary  meinl)er  of  the  Royal 
Society  and  of  the  chemical  societies  of  Madrid,  London,  IVIro 
grad,  and  Hncharest,  a  Chevalier  de  la  Wijion  d'llonneiir.  and 
recipient  of  the  I'rix  \'aillant  and  the  Davy  Medal.  His  death 
occurred  in  his  sixtieth  year 

Sandmeyer's  eminent  work  was  in  the  field  of  dyes,  in  which  he 
made  many  remarkable  discoveries,  .\mong  his  achievements 
were  the  discovery  of  diamidophcnyltolyl,  of  the  process  for  mak- 
ing auraminc,  of  the  method  for  prodncing  dyes  of  the  triiihenyl- 
methanc  class,  of  the  preparation  of  indigotin  from  thiocar- 
banilide,  and  a  new  method  for  mannfactiiring  isatins.  Kor  more 
than  thirty  years  he  was  a  member  of  the  firm  of  J.  U.  C.eigy  & 
Company. 

Ernest  Solvay,  inventor  of  the  Soivay  process  for  the  manu- 
facture of  soda,  died  at  Brussels.  Helgium,  on  May  2li,  U122,  in 
his  eighty-fifth  year.  Solvay  was  the  son  of  a  salt  refiner  of 
modest  means  and  had  great  difficulty  in  bringing  through  to 
commercial  success  the  invention  which  finally  made  him  one 
of  Belgium's  richest  men.  He  received  many  honors,  among 
them  the  Lavoisier  Medal  of  the  Institute  of  France,  the  Grand 
Medal  of  the  Vnivcrsity  of  Paris,  and  the  appointment  as  a 
Grand  Officer  of  the  Order  of  Leopold.  On  his  seventy-sixth 
birthday  he  presented  S10(),(H)()  each  to  the  I'niversities  of  Paris 
and  Nancy  and  divided  Sl.ODO.OOO  among  Belgian  educational 
and  charitable  institutions  and  the  employees  of  his  firm,  the 
Solvay  Society  of  Brussels.  On  May  27,  1920,  he  was  presented 
by  the  American  Ambassador  with  a  certificate  of  honorary 
membership  in  the  American'  Cukmicau  Societv. 

Mr.  V.  L.  Nickle  has  left  The  Western  Cartridge  Co..  East 
Alton.  111.,  and  has  accepted  a  position  with  the  J.  P.  Devine  Co., 
Buffalo.  N.  Y. 

Dr.  L.  V.  Burton  has  left  the  employ  of  the  Illinois  Canners 
Association,  where  he  has  been  doing  research  on  methods  of 
grading  canned  corn,  to  go  to  Libby,  McNeill  &  Libby,  Chi- 
cago, 111. 

Mr.  Edgar  S.  Ross,  formerly  chief  chemist  for  the  Charlotte 
Chemical  Laboratories  and  Columbite  Reduction  Company  of 
Charlotte,  N.  C.  and  for  the  past  several  years  engaged  in  private 
research  concerning  the  metals  tantalum  and  columbium.  is  now 
chemist  and  assistant  manager  for  McKechnie  Brothers,  Inc., 
metal  smelters  and  refiners.  Philadelphia,  Pa. 

Mr.  S.  M.  Kintner  has  been  recently  appointed  manager  of  the 
research  department  of  the  Westinghouse  Electric  and  Manu- 
facturing Company  to  succeed  Mr.  C.  E.  Skinner,  who  is  now 
assistant  director  of  engineering. 

Mr.  Fletcher  C.  Benton,  formerly  connected  with  the  Ohio 
Fuel  Supply  Co  .  l"tica.  Ohio,  as  research  chemist  working  on 
the  synthesis  of  formic  aldehyde  from  natural  gas,  is  now  in  tlie 
physical  chemical  section  of  the  Bureau  of  Mines,  Pittsburgh, 
Pa.,  assisting  in  the  research  on  the  activation  of  several  seams  of 
representative  soft  coal. 

Dr.  T.  F.  Aschman  of  Pittsburgh,  Pa.,  chemist  to  the  Pennsyl- 
vania Bureau  of  Foods,  has  been  elected  chairman  of  the  Board 
of  Chemists  of  the  Bureau,  to  succeed  the  late  Dr.  William  Frear. 

Mr.  Hugh  M.  Henton,  formerly  instructor  in  metallurgy  at 
Case  School  of  Applied  Science,  has  opened  an  office  as  consulting 
engineer  in  the  National  City  Building,  Cleveland,  Ohio. 

Mr.  C.  H.  Kidwell,  formerly  with  the  Semet-Solvay  Co.. 
SyTacuse,  N.  Y.,  is  now  with  Dr.  Raymond  F.  Bacon,  who  has 
recently  opened  a  consulting  chemical  engineering  practice  at 
50  E.  41st  St..  New  York  City. 

Mr.  Leslie  B.  Coombs  has  resigned  his  position  with  the  Atlantic 
DyestufT  Co.,  Boston,  Mass.,  to  become  superintendent  of  the 
Victory  Products,  Inc.,  Westboro,  Mass.,  manufacturers  of  paints 
and  kindred  specialties. 

Dr.  Colin  G.  Fink  has  been  appointed  Lecturer  in  Electro- 
chemistry and  will  have  charge  of  that  division  of  the  Depart- 
ment of  Chemical  Engineering.  Columbia  University,  beginning 
July  1.  He  will  continue  his  services  as  secretary  of  the 
American  Electrochemical  Society,  office  facilities  having  been 
arranged  at  Columbia  for  this. 


Industrials 

\'erdict  in  favor  of  the  American  Trona  Corporation  has  been 
rendered  in  the  ease  of  the  Hubbard  Fertilizer  Company  against 
the  corporation  for  alleged  loss  through  using  potash  furnished  by 
the  Trona  Corporation.  The  Hubbard  Company  claimed  that 
potash  purchased  in  litLS  contained  borax  in  excess  of  the  con- 
tract specifications,  and  sued  for  S27.'J.()(K).  but  it  was  decided  by 
the  court  that  no  breach  of  contract  had  been  shown. 

During  the  month  of  May  twenty  firms  were  organized  to 
engage  in  the  manufacture  and  distribution  of  chemicals,  drugs, 
and  dyes,  with  an  aggregate  indicated  investment  of  S'!,t>71,IKH) 
as  compared  with  S2(I,0').').(KI()  in  April,  and  S12.(J2.'),00()  in  March. 

The  Carnegie  Steel  Company  is  to  build  at  Clairton,  Pa., 
another  by-jjroduct  coke  plant  to  cost  from  $;5().000.()tK)  to  ?3,'),- 
OOO.OOO,  which  will  have  a  capacity  more  than  double  that  of 
the  present  plant.  The  new  plant  will  have  fourteen  batteries 
of  ovens,  which  will  cover  ().')  acres  of  ground  and  require  ;iO,000 
tons  of  coal  per  day  to  charge  them  all. 

The  Textile  Alliance  has  issued  Bulletin  40  which  lists  a  wide 
variety  of  German  dyes  available  for  delivery  on  receipt  of  the 
necessary  permit.  Prices  are  quoted  for  dyes  in  original  con- 
tainers, f.  o.  b.  warehouse,  Long  Island  City,  but  the  quantities 
of  dyes  available  are  not  given. 

By  a  decision  of  the  court  in  the  action  of  the  General  Bakelite 
Company  against  the  General  Insulate  Company,  the  validity 
of  the  Baekeland  patents  is  confirmed.  The  action,  which 
charged  infringement  in  the  use  of  redmauol,  was  defended  by 
the  Redmanol  Chemical  Products  Company.  Announcement 
has  since  been  made  of  a  merger  of  the  General  Bakelite  Co.,  the 
Condensite  Company  of  America,  and  the  Redmanol  Chemical 
Products  Co.,  as  the  Bakelite  Corporation.  The  three  com- 
panies will  continue  separately  to  manufacture  and  market  their 
products.  As  a  result  of  the  merger  new  development  and  re- 
search work  is  already  under  way. 

The  Buffalo  Foundry  &  Machine  Company  has  recently 
acquired  the  coppersmithing  business  of  the  W.  A.  Case  &  Son 
Mfg.  Co.,  of  Buffalo,  including  the  copper  shop  equipment, 
and  the  company  is  now  in  position  to  furnish  all  kinds  of  copper 
work,  including  distilling  apparatus,  evaporators,  kettles, 
vacuum  pans,  coils,  etc.,  and  to  do  a  general  coppersmithing 
business  either  in  new  work  or  repairs. 

In  a  compilation  made  for  the  Finance  Committee  of  the  Senate 
by  the  Bureau  of  the  Census,  it  is  shown  that  there  are  598 
establishments  in  the  United  States  engaged  in  the  manufacture 
of  chemicals.  The  capital  employed  is  given  as  5484,488,412, 
salary  and  wage  payments  as  597,188,958,  and  the  value  of  the 
products  in  1919  as  54.38,6.58,869.  The  average  number  of  wage 
earners  employed  during  1919  was  55,586.  The  estabhshmeuts 
pay  528,338,749  in  federal  taxes  and  53,592,640  in  state  taxes. 

An  explosion  occurred  in  the  new  Haber  process  plant  of  the 
Atmospheric  Nitrogen  Corporation  at  Solvay.  N.  Y.,  on  June  11, 
in  which  four  persons  were  injured.  Officials  were  not  able  to 
explain  the  cause  of  the  accident  or  to  estimate  the  damage,  which 
was  confined  to  the  interior  of  the  process  building.  Repairs  were 
immediately  started  in  order  to  permit  normal  operation  as  soon 
as   possible. 

At  the  May  meeting  of  the  National  Council  of  Dyes  and 
Colors,  recommendations  regarding  the  tests  which  colors  must 
be  able  to  withstand  to  assure  dye  fastness  in  goods  were  sub- 
mitted by  W.  M.  Scott  of  Cheney  Brothers,  and  it  was  decided 
to  submit  the  recommendations  to  the  various  industries  for 
opinions  on  their  practical  value. 

The  Cooper-Hewitt  Electric  Company  has  made  available 
for  the  first  time  a  small  high  intensity  arc  of  the  mercury  vapor 
type  in  quartz  and  has  published  a  bulletin  describing  the  various 
laboratory  uses  of  the  arc. 

The  National  Exposition  of  Power  and  Mechanical  Engi- 
neering is  to  be  held  at  the  Grand  Central  Palace,  New  York 
City,  December  7  to  13,  inclusive,  immediately  following  the 
aimual  meeting  of  the  American  Society  of  Mechanical  Engineers. 
It  is  expected  that  the  exhibits  will  supplement  the  program 
and  discussions  of  the  Society,  which  will  hold  sessions  relating 
to  fuels,  stokers,  steam  power  plants,  railroad,  steam  utilization 
in  the  paper  industry,  textile  and  gas  power. 
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Potash.  By  Syd.n'Ey  J.  Johnstone,  B.Sc.  (London),  A.  I.  C. 
Scientific  and  Technical  Department,  Imperial  Institute. 
Monographs  on  Mineral  Resources.  122  pp.  John  Murray, 
Albemarle,  St..  W.,  London,  1922.     Price,  6s.  net. 

The  widespread  interest  in  potash  makes  this  work  especially 
valuable  for  reference  purposes. 

The  chapters  of  greatest  interest  as  bearing  on  the  potash 
situation  in  this  country  are  the  second,  third,  seventh,  eighth, 
and  tenth. 

In  the  second  chapter  the  usual  emphasis  is  given  to  the  idea 
that  in  the  formation  of  the  earth's  crust  the  Creator  so  arranged 
things  that  the  rock  salt  formed  by  the  desiccation  of  inland 
seas  included  enormous  deposits  of  potash  salts  in  Germany, 
considerably  less  extensive  ones  in  Alsace,  and  a  number  of  scat- 
tering traces  in  the  other  countries  mentioned,  with  none  at  all 
in  the  United  States. 

Xo  mention  is  made  of  the  probability  that  the  very  intensive 
and  extensive  search  made  in  Germany,  aided  by  the  knowledge 
gained  from  hundreds  of  years  of  salt  mining  there,  accounts 
for  the  apparent  Providential  favor  and  that  an  equally  exten- 
sive and  intensive  search  of  the  enormous  salt  fields  of  the  L"nited 
States  would  be  likely  to  develop  equally  great  deposits  of  pot- 
ash here. 

Chapter  three  gives  very  interesting  information  regarding 
the  possibilities  from  alkaline  lakes  and  depressions  particularly 
in  the  western  United  States,  from  where  our  most  quickly  pro- 
duced potash  output  came  during  the  war. 

Chapter  seven  touches  on  some  twenty-five  main  processes, 
many  of  them  typical  of  many  others  that  have  been  developed 
more  or  less  successfully,  mostly  in  the  United  States,  for  recov- 
ering potash  from  the  silicates  and  other  insoluble  potash-bearing 
rocks.  All  of  these  depend  for  success  on  the  profitable  disposal 
of  by-products.  A  careful  reading  of  this  chapter  with  reference 
to  suitable  marketing  arrangements  for  the  by-products,  most 
of  which  are  staple  commodities  used  in  enormous  tonnages, 
shows  that  here  is  the  basis  for  a  large  output  of  potash  in  many 
parts  of  the  United  States  and  that  when  quantity  production 
is  developed  costs  will  evidently  be  far  below  anything  so  far 
possible.  More  than  in  any  other  phase  of  potash  development 
in  the  world,  is  here  shown  the  fecundity  of  the  chemist  in  devis- 
ing the  means  to  get  "bread  out  of  stone."  Those  who  have 
been  so  prone  to  attribute  inferiority  to  American  chemists  will 
here  have  opportunity  to  revise  their  opinions. 

Chapter  eight  shows  the  enormous  amounts  of  potash  recover- 
able from  the  flues  of  the  portland  cement  and  blast  furnace 
industries.  It  would  appear  that,  properly  collected,  the  potash 
from  these  two  sources  alone  is  capable  of  supplying  more  than 
the  250,000  tons  of  KjO  per  annum  imported  by  the  United 
States  in  1913. 

Chapters  nine,  ten,  and  eleven  show  the  importance  of  vege- 
table waste,  sugar  refining  and  alcohol  distillery  wastes,  and  wool 
washing  wastes  as  sources  of  potash  supply.  One  impressive 
piece  of  information  is  that  banana  skins  contain  over  eleven 
per  cent  of  potash. 

The  list  of  references  at  the  end  forms  a  most  valuable  com- 
pendium of  the  principal  potash  literature  of  the  world. 

On  the  whole,  the  conclusions  and  remarks  give  the  general 
impression  that  the  world  in  general  and  the  United  States  in 
particular  must  turn  perforce  to  Germany  for  about  seventy-five 
per  cent  and  to  Alsace  for  about  twenty-five  per  cent  of  its  supply 
of  i)otash  at  cheapest  prices.  If  thoroughly  studied  and  dis- 
sected beyond  and  behind  these  conclusions,  however,  this  book 


will  serve  the  chemist  and  engineer  as  a  splendid  source  of  facts 

and  arguments  to  prove  that,  with  reasonable  opportunity  to 

secure  permanently  and  properly  invested  capital,  the  United 

States  is  in  a  magnificent  position  to  develop  not  only  its  own 

entire  present  and  enormous  prospective  needs  of  potash,  but  to 

do  its  part  for  the  rest  of  the  world,  in  dissipating  Germany's 

control  of  this  important  substance. 

H.  D.  RuHM 


Aluminium  and  Its  Alloys.  Their  Properties,  Thermal  Treat- 
ment, and  Industrial  Application.  By  C.  Grard,  trans- 
lated by  C.  M.  Phillips  and  H.  W.  L.  Phillips.  184  pp. 
D.  Van  Nostrand  and  Co.,  New  York,  1922.     Price,  $5.00. 

This  book  is  a  translation  of  the  French  edition  of  Colonel 
Grard's  book  "L'aluminium  et  ses  alliages,"  Berger-Levrault 
Paris,  1920,  and  is  the  American  edition  of  the  same  work  brought 
out  in  England  in  1921,  by  Constable  and  Co.,  Ltd.  The  author 
is  well  known  as  an  ordnance  engineer  and  for  his  work  in  the  heat 
treatment  of  worked  nonferrous  metals  and  is  well  qualified  to 
present  the  subject  in  a  clear  form,  but  this  neither  he  nor  the 
translators  have  done. 

The  book  is  largely  a  collection  of  test  data  relating  to  the 
physical  properties  of  worked  and  heat  treated  aluminium, 
cast  light  aluminium  alloys,  and  worked  and  heat  treated  alloys 
of  the  duralumin  type  and  of  aluminium  bronzes.  Collected 
by  Colonel  Grard  during  the  late  war  in  connection  with  the  pro- 
duction of  aircraft  in  France,  the  test  data  in  themselves  are 
exceedingly  valuable,  but  the  arrangement  and  make-up  of  the 
book  are  exceptionally  bad — in  fact  the  worst  that  have  come  to 
the  attention  of  the  reviewer  in  some  time.  From  an  editorial 
point  of  view  the  work  is  almost  everything  that  it  should  not  be,  ) 
while,  technically,  there  are  a  number  of  errors,  and  details  of 
methods  used  in  carrying  out  the  tests  are  lacking. 

The  work  treats  of  (1)  the  production  of  aluminium;  (2) 
the  properties  of  the  metal,  with  which  are  included  many  test 
data  relating  to  cold  working  and  heat  treatment;  (3)  light  alloys 
for  casting  purposes;  (4)  light  alloys  of  the  duralumin  type  for 
working  and  heat  treatment,  including  the  results  of  tests; 
and  (5)  heavy  aluminium  alloys,  i.  e.,  the  so-called  aluminium 
bronzes.  In  a  number  of  appendices  there  are  given  analytical 
methods  for  aluminium,  extracts  from  the  French  aeronautical 
specifications,  and  results  of  tests  carried  out  by  laboratories. 

The  density  of  aluminium  is  given  as  2. GO,  despite  the  reliable 
work  of  Brislcc  in  1913  showing  it  to  be  2.70="=,  depending  on 
the  treatment.  The  melting  point  is  given  as  650°  C,  instead 
of  658.7*  C,  and  there  are  other  similar  errors,  as  well  as  contra- 
dictions of  statements.  There  are  many  curves  showing  the 
results  of  tests,  but  it  is  impossil^le  to  ascertain  from  the  text 
what  possible  accuracy  these  may  have  or  what  number  of  tests 
they  are  based  on.  The  information  given  in  regard  to  duralumin 
is  of  much  value  because  of  the  present  general  interest  in  this 
type  of  alloy.  Some  of  the  micrographs  are  poor,  and  the 
methods  of  etching  are  lacking.  It  is  difficult  to  outline  well 
the  contents  of  the  book  within  the  limits  of  this  short  review, 
but  on  the  whole,  despite  its  numerous  deficiencies,  the  work  is  a 
valuable  contribution  to  the  literature  of  the  aluminium  industry. 
Books  on  aluminium  and  its  light  alloys  are  few,  and  while 
Colonel  Grard's  work  may  be  welcomed  as  a  book  on  aluminium 
as  such,  its  chief  value  lies  in  the  abundance  of  test  results 
given. 

Robert  J.  ANDERSo^f 
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Coal— Its  Properties,  Analysis,  Classification,  Geology,  Ex- 
traction, Uses,  and  Distribution.  By  Elwood  S.  Mooke, 
M.A.,  Ph.D.  402  pp.  John  Wiley  and  Sons.,  Inc.,  New  York, 
1922.     Price.  go.OO. 

As  stated  by  the  author,  this  book  \v:is  prepared  in  an  attempt 
to  satisfy  the  demand  for  a  handy  reference  volume  of  coal. 
The  book  fdls  a  distinct  need,  as  the  literature  on  coal  is  scattered 
and  not  very  accessible  to  the  average  reader.  The  work  covers 
a  wide  range  of  topics  regarding  coal,  and  the  author  is  to  be 
commended  on  the  large  amount  of  valuable  information  on 
coal  that  he  has  assembled  and  made  available  for  ready  refer- 
ence. The  numerous  footnotes  should  be  of  value  to  the  reader 
who  desires  to  olitain  more  information  on  some  of  the  topics 
than  can  be  given  in  a  one-volume  work.  The  illustrations  are 
unusually  good. 

The  chapters  on  the  origin  of  coal  and  the  fossil  flora  of  the  coal- 
forming  periods  are  exceptionally  good.  The  chapter  on  chem- 
ical analysis  of  coal  contains  among  other  methods  those  of  the 
American  Society  for  Testing  Materials,  which  are  now  almost 
universally  used  in  this  country  by  the  better  class  of  analytical 
laboratories.  Three  chapters,  covering  over  100  pages,  deal 
with  the  coal  fields  of  the  world,  and  many  maps  showing  the 
location  of  various  coal  fields  are  given.  Other  chapters  of  the 
book  deal  with  physical  and  chemical  properties  of  coal,  varie- 
ties and  ranks  of  coal,  classification  of  coal,  structural  features 
of  coal  seams,  prospecting  for  coal  lands,  mining,  preparation, 
and  uses  of  coal. 

The  worth  of  a  book  covering  such  a  wide  range  of  topics 
depends  largely  on  the  ability  of  the  author  to  select  information 
which  is  generally  recognized  as  authoritative.  In  the  prepara- 
tion of  the  work  the  author  has  evidently  searched  the  literature 
of  coal  very  carefully,  for  the  information  presented  is  of  high 
order  and  represents  authoritative  work  on  coal.  So  many 
valuable  and  interesting  data  on  coal  have  been  compiled  and 
systematically  arranged  that  no  one  interested  in  coal  can  afford 
to  be  without  this  volume. 

W.  A.  Selvic 


Practical  Chemistry  of  Coal  and  Its  Products.  By  A.  E.  Findley 
AND  R.  WiGGiNTON.  1-14  pp.  Benn  Bros.  Ltd.,  London, 
1921.     Price,  12s.  6d.  net. 

The  title  of  this  book  would  indicate  the  contents  more  clearly 
to  the  American  mind  if  it  were  worded,  "Analytical  Methods 
for  Coal  and  Its  Products."  The  preface  states  that  it  em- 
bodies, with  some  additions,  the  laboratory  course  in  fuel  tech- 
nology at  Sheffield  University.  The  various  chapters  deal  with 
the  analysis  of  coal  and  coke,  with  tar  and  tar  products,  am- 
monia liquor  and  other  gas  works  products,  and  with  gas  analy- 
sis. Water  analysis  and  pyrometr>-  are  also  included.  There 
are  only  114  pages  of  actual  text,  so  that  the  treatment  of  each 
subject  is  necessarily  brief.  The  book  gives  methods  in  use  in 
Great  Britain  which  are  not  always  the  same  as  those  used  in 
the  L^nited  States.  Differences  in  analytical  procedure  are  not 
important  in  some  cases,  since  almost  equally  accurate  results 
may  be  obtained  by  several  methods.  This  is  the  case  with  the 
total  sulfur  in  coal  and  the  methods  of  water  analysis,  to  cite 
two  cases  from  this  book.  Many  of  the  analyses  used  for  coal 
products  are  proximate  in  their  nature  and  the  results  vary  with 
rather  slight  changes  in  technic.  In  this  coimtry  committees 
of  the  American  Chemical  Society,  the  American  Society  for 
Testing  Materials,  and  the  American  Gas  Association  have  spent 
much  effort  in  standardizing  methods  which  should  give  com- 
parable results  in  the  hands  of  different  operators.  The  methods 
given  in  this  book  are  different  from  the  standard  American  meth- 
ods in  many  instances,  and  should  not  be  used  in  this  country 
if  they  are  to  be  interpreted  in  terms  of  American  practice.  For 
instance,  the  methods  for  moisture  and  volatile  matter  in  coal 


are  about  such  as  were  used  in  America  twenty  years  ago  and 
lack  the  definitcness  of  the  present  standard  methods.  The 
book  is  a  valuable  one  for  those  who  wish  the  methods  as  used 
in  Great  Britain,  but  should  be  used  with  caution  if  results  are 
to  be  compared  with  those  obtained  in  ordinary  American 
analytical  practice. 

Alfred  H.  White 


Perfumes,  Essential  Oils,  and  Fruit  Essences.  By  Geoffrey 
Martin,  D.Sc,  F.I.C.  viii  -f  138pp.  D.  Van  Nostrand  Co., 
New  York,  1921 .     Price,  $.3.50. 

In  the  preface  the  author  states  that  the  purpose  of  this  volume 
is  to  supply  the  requirement  for  a  short  and  clear  account  of 
the  principal  scenting  substances  used  in  practice,  especially  in  the 
soap  industry,  with  practical  directions  for  testing  them  so  that 
the  works  chemist  or  manufacturer  can  speedily  find  the  article 
he  desires. 

The  work  is  evidently  merely  a  compilation,  in  many  cases  of 
rather  obsolete  material.  In  the  list  of  references  cited  on  page  3, 
the  second  edition  of  "The  Chemistry  ot  Essential  Oils,"  by  E.  J. 
Parry  is  given,  whereas  two  editions  have  appeared  since,  and 
"Die  Aetherische  Oele,"  Gildemeister  and  Hoffman,  is  referred  to 
as  consisting  of  two  volumes  appearing  in  1910,  whereas  the 
second  volume  appeared  in  1913  and  a  third  volume  in  1916. 

The  book  is  divided  into  thirteen  short  chapters,  the  first  of 
which  embodies  Erdmann's  classification,  which  appeared  in 
1900.     Since  that  time  many  new  facts  have  been  discovered. 

The  manufacture  of  essential  oils  is  dismissed  in  two  pages  and 
is  very  superficial.  Chapters  3,  4,  and  5  deal  with  essential  oils, 
animal  perfumes  and  synthetics,  respectively.  A  chapter  on 
artificial  fruit  essences  and  esters  occupies  but  three  pages.  The 
statistics  on  imports  and  exports,  when  given,  are  for  1910  and 
are  consequently  out  of  date. 

A  little  more  tJian  one  page  each  is  devoted  to  tinctures  and 
extracts  and  to  the  blending  of  perfumes,  and  four  chapters  deal 
with  recipes  for  handkerchief  and  similar  perfumes,  and  perfumes 
for  soaps,  for  smelling  salts  and  for  sachet  powders. 

The  analysis  of  essential  oils  is  treated  in  a  little  over  four 
pages,  and  is  very  inadequate. 

Altogether  the  book  is  a  disappointment,  and  it  is  difficult  to  see 
how  it  can  be  of  great  value  to  either  the  chemist  or  manufacturer 
who  has  access  to  the  standard  works  on  the  subject. 

E.  K.  Nelson 


Technical  Records  of  Explosives  Supply,  1915-1918.  VIII— 
Solvent  Recovery.  19  X  28  cm.  22  pp.  8  illustrations. 
Alinistry  of  Munitions  and  Department  of  Scientific  and 
Industrial  Research,  London.  H.  M.  Stationery  Office, 
1921.     Price,  3s. 

Solvents  have  come,  in  recent  years,  to  be  used  in  a  great  vari- 
ety of  industries,  among  them  the  explosives,  pyroxj-lin  plastics, 
photographic,  pharmaceutical,  varnish,  oil,  and  rubber,  not  to 
mention  the  extraction  of  grease  from  garbage  and  suint  from 
wool.  UTiere  the  solvent  occurs  in  the  end  operation  in  high 
concentrations  the  long  known  and  well  developed  methods  of 
distillation,  with  condensation,  have  afforded  ready  means  of 
recovery,  but  where  the  manufacturing  operations  have  been 
such  that  the  solvent  has  become  volatilized  and  diluted  with 
large  volumes  of  air  few  efforts  have  been  made  to  recover  it. 
As  a  consequence  many  hundreds  of  thousands  of  pounds  of 
precious  material,  often  representing  the  heaviest  charge  in  the 
cost  of  production,  are  wasted  annually,  while  at  the  same  time 
fire  and  explosion  risks,  and  unsanitary  conditions  are  often 
created  through  the  escape  of  these  volatiles  into  the  atmosphere 
at  the  factories. 
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This  publication  presents  the  data  collected  in  the  recovery 
of  ether  and  alcohol  vapors  produced  in  the  manufacture  of  cor- 
dite at  the  Gretna  factory.  This  was  accomplished  by  "housing 
in"  the  drying  stoves  and  leading  the  vapor-laden  air  through 
liquid  absorbents.  Sulfuric  acid,  water,  and  cresol  were  each 
tested  carefully  as  absorbents  and  the  latter  found  so  efficient 
when  (under  Bregeat,  Brit.  Patent  128,640)  the  details  of  plant 
operation  had  been  developed  that  spent  solvent  was  recovered 
at  a  rate  equivalent  in  value  to  £282,000  annually  by  a  recovery 
plant  costing  £80,000. 

It  is  frankly  stated  that  one  of  the  objects  of  this  report  is  "to 
encourage  the  adoption  of  solvent  recovery  among  those  who  use 
volatile  solvents  even  on  a  comparatively  small  scale,  by  an 
appeal  to  the  same  facts  as  decided  its  successful  installation  in 
propellant  manufacture;"  hence  in  additioii  to  the  8  pages 
devoted  to  the  data  and  technic  at  Gretna  some  12  pages  are 
given  to  theory,  including  "laboratory  measurements "  and 
"application  of  laboratory  data,"  which  supply  a  clear  guide  to 
manufacturers,  and  one  that  could  be  followed  with  profit  by 
students  in  chemical  engineering,  while  researches  in  which  the 
methods  arc  applied  to  other  solvents  and  to  other  absorbents  can- 
not but  yield  useful  data  and  information. 

Charles  E.  Mu.nroe 


The  Analysis  of  Fuel,  Gas,  Water,  and  Lubricants.  By  S.  \V. 
Parr,  Professor  of  Applied  Chemistry,  University  of  Illinois. 
3rd  edition,  o'/j  X  8  in.,  .\ii  +  250  pp.,  54  illustrations,  14  ta- 
bles of  conversion  factors.  McGraw-Hill  Book  Co.,  Inc., 
New  York,  1922.     Price.  S2.50. 

This  book  is  used  as  a  text  by  students  in  chemistry,  chemical 
engineering,  and  mechanical  engineering  in  their  junior  year  at 
the  University  of  Illinois. 

Coal  classification,  unit  coal,  coal  sampling  and  analysis, 
calorimetric  measurements,  coal  contracts,  combustion  of  coal, 
storage,  weathering,  and  spontaneous  combustion  cover  80 
pages.  Coke,  wood,  petroleum,  alcohol,  fuel  gas,  and  flue  gas 
are  discussed  in  32  pages.  Boiler  waters,  their  analy.sis,  and  treat- 
ment cover  42  pages.  Lubricants  and  their  analysis  occupy  13 
pages.  Methods  for  coal  analysis  and  forB.  t.  u.  determination 
(44  pages),  fuel  gas  analysis  and  calorimetric  testing  (10  pages), 
and  flue  gas  analysis  (3  pagesj  complete  the  treatise. 

The  book  has  value  outside  the  field  for  which  it  was  primarily 
written.  Thoroughly  up  to  date,  it  will  find  use  in  all  testing 
laboratories,  and  will  be  used  as  a  reference  book  by  chemists 
and  engineers  who  assist  in  the  efficient  use  of  fuel,  water,  and 
lubricants. 

The  probable  error  of  the  peroxide  calorimeter  should  be  men- 
tioned. The  constant  temperature  jacketed  calorimeter  used 
by  the  Bureau  of  Standards  and  by  the  Bureau  of  Mines  is  really 
more  accurate  than  the  adial)atic  type  in  the  hands  of  the  aver- 
age chemist,  and  should  be  mentioned.  Instead  of  the  method 
given  in  the  chapter  on  ultimate  analysis  for  calculating  the  hydro- 
gen content  of  coal,  the  method  in  the  Bureau  of  Mines  Technical 
Paper  197,  "The  Use  of  the  Hydrogen- Volatile  Matter  Ratio 
in  Obtaining  the  Net  Heating  Value  of  American  Coals,"  is 
simpler  and  safer.  The  section  on  boiler  waters  is  very  good. 
The  conversion  factors  are  well  chosen. 

Attention  is  called  to  a  few  errors,  some  of  which  are  important : 

On  p.  131,  M.  H.  Wickhorst. 

On  p.  132,  lines  5  and  12,  0.833  instead  oi    1.20   (error  in  derivation). 
The  chemical  costs  in  Table  XX  are  not  derived  from  the  lime  and 
loda  prices  stated  on  p.  I.')2.     Soda  ash  now  costs  SI. 20  per  100  lbs. 
On  p.  219.  Table  XXH.  line  8.  0.36  CaO  should  be  0.56. 


Jas.  O.  Handy 


Zirconium  and  Its  Compounds.  By  Francis  P.  Venable. 
American  Chemical  Society  Monograph  Series.  173  pp. 
Chemical  Catalog  Co.,  Inc..  New  York,  1922.     Price,  $2.50. 

A  study  of  this  monograph  brings  to  the  mind,  perhaps,  two 
main  thoughts  with  regard  to  zirconium.  First,  the  large  amount 
of  research  which  awaits  the  investigator,  work  which  is  by  no 
means  so  easy  and  simple  as  the  uninitiated  might  be  inclined  to 
think.  Second,  the  large  number  of  very  varied  uses  to  which 
the  element  and  its  compounds  have  been  recommended,  by 
various  workers,  as  revealed  by  studying  the  list  of  patents. 

The  general  material  of  the  book  is  of  a  very  concentrated 
nature,  which  shows  that  the  literature  has  been  carefully 
searched  and  abstracted.  In  several  cases,  it  would  seem  that 
the  cutting  down  has  been  carried  much  too  far.  Under  the 
heading  of  zircon,  the  description  and  concentration  of  zircon 
sand  might  have  been  given  in  more  detail.  The  chapter  upon 
analytical  methods  could  have  been  extended  very  much  more. 
Very  complete  statements  of  the  methods  employed  for  the 
determination  of  this  element  would  have  been  of  great  use 
to  those  who  have  little  knowledge  along  this  line  and  who  are 
unable  to  refer  to  original  papers. 

The  complex  nature  of  zirconium  compounds  is  well  shown 
under  a  discussion  of  the  sulfates.  Zirconium  sulfite,  also, 
would  seem  to  be  a  very  interesting  substance  since  the  normal 
salt,  and  normal  salts  of  this  metal  are  not  common,  is  stated 
to  be  formed  by  the  action  of  such  a  weak  acid  as  sulfurous 
acid  upon  zirconium  hydroxide  which  is  a  very  weak  base. 
In  addition  to  this  there  are  a  large  number  of  similar  interesting 
facts.  It  is  to  be  hoped  that  this  publication  will  give  the 
average  chemist  more  insight  to  the  chemistry  and  the  possible 
uses  of  this  comparatively  common  element,  which,  unfortu- 
nately, is  looked  upon  by  so  many  as  being  too  rare  for  much 
industrial  work. 

C.  James 

Soap-Making  Manual.  A  Practical  Handbook  on  the  Raw 
Materials,  Their  Manipulation,  Analysis  and  Control  in  the 
Modem  Soap  Plant.  By  E.  G.  Thomssen,  Ph.  D.  243  pp. 
D.  \'an   Nostrand  Co.,  New  York,  1922.     Price,  $4.00. 

As  the  subtitle  indicates,  this  book  deals  with  many  of  the  ma- 
terials, methods,  and  machines  involved  in  the  manufacture  of 
soap. 

The  chapter  on  raw  materials  treats  this  phase  of  the  subject 
from  the  standpoint  of  the  factory  man  and  makes  no  attempt 
to  go  thoroughly  into  the  properties  of  these  substances  after 
the  manner  of  the  well-known  handbooks  of  oils,  fats,  and  waxes. 

The  descriptions  of  soap-making  processes  are  better  than 
many  that  have  found  their  way  into  print  and  they  represent 
some  of  the  practices  that  are  followed  by  soap  makers. 

A  considerable  number  of  soap  formulas  are  given,  some  of 
which  are  of  more  or  less  doubtful  value,  not  that  soap  could 
not  be  made  in  accordance  therewith  but  because  they  do  not 
represent  the  best  practice.  The  author  makes  the  statement 
that  comparatively  little  hardened  oil  has  l)een  u.sed  in  America 
in  soap  making.  The  amount  that  has  been  so  used  is  larger 
than  he  appears  to  have  knowledge  of. 

The  chapters  on  glycerol  recovery  and  analytical  methods  will 
give  a  good  idea  of  some  of  the  methods  that  are  in  use. 

The  book  contains  a  few  mistakes,  most  of  which  will  be  at  once 
apparent  to  a  chemist.  One  that  might  lead  to  a  little  confusion 
is  the  figure  giving  the  NajO  equivalent  of  1  cc.  normal  acid 
solution  as  0.02905  gram. 

Several  tables  of  useful  information  are  given.  Those  for 
glycerol  do  not  agree  among  themselves,  nor  does  either  of  them 
agree  with  the  commonly  accepted  values. 

The  book  will  be  of  interest  to  .soap  makers. 

Martin  Hiul  Ittner 
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An  interesting  report  of  tlie  French  bauxite  inilnstry  in  1921 
has  been  made  by  Consul  Wesley  I'rost  and  copies  may  be  had 
by  application  to  Uie  Iron  and  Steel  Division  of  the  Bureau  of 
Foreign  and  Domestic  Commerce.     (P.  2X4) 

onicial  Spanish  import  statistics  show  that  the  I'nited  States 
continues  to  be  the  chief  source  of  supply  for  petroleum  and 
petroleum  products  imported  into  Spain.     (P,  297) 

By  decree  of  March  17,  1922.  the  government  monopoly  on 
the  importation  of  copper  vitriol  into  Switzerland  has  been 
removed,  effective  July  1.5,  1922.     (P.  310) 

There  is  said  to  be  a  good  market  for  caustic  soda  in  Chile, 
both  in  wholesale  quantities  and  in  smaller  packages.     (P.  .'iSO) 

The  development  of  the  Ksthonian  oil-shale  industry  is  de- 
scribed and  the  total  output  of  ICsthonian  oil  shale  for  1919  is 
given  as  94S4  long  tons,  45,417  long  tons  in  1920,  and  9o,1.57 
long  tons  in  1921.  The  government  is  very  optimistic  as  to  the 
important  future  for  oil  from  Ksthonian  shale  and  is  an.\ious 
to  interest  foreign  capitalists  therein.     (Pp.  357-8) 

The  French  export  restriction  on  crude  methanol,  rectified 
methanol  and  acetone  has  been  removed,  and  these  products 
mav  be  exported  and  reexported  without  special  authorization. 
(P.  378) 

By  a  decree  of  March  30,  1922,  the  temporary  surtax  on 
gasoline  and  other  petroleum  i)r(xlucts  imported  into  France 
has  been  reduced  to  10  francs  per  hectoliter.     (P.  379) 

An  order  of  the  Controller  of  Customs  of  New  Zealand  in- 
creases the  duty  on  certain  petroleimi  products.     (P.  379) 

Poland's  alcohol  production  for  the  past  year  is  said  to  amount 
to  40,000,000  liters,  of  which  15,000,000  wiU  be  available  for 
export.     (P.  383) 

Mining  operations  are  being  carried  on  by  the  Soviet  Mining 
Council  in  developing  the  radium  resources  of  the  Ferghana 
Valley  and  transporting  the  radioactive  ore  to  the  extracting 
works  recently  erected  for  this  imrpose  at  the  Bondujee  Chemical 
Works.     (P.  384) 

Tests  recently  completed  by  the  Sociedad  Nacional  de  Agri- 
cultura  of  Rio  de  Janeiro,  Brazil,  show  that  an  alcohol  mixture 
can  be  used  successfully  as  a  motor  fuel  and  at  lower  cost  than 
gasoline.     (Pp.  402-3) 

Samples  of  acid-proof  cloth  suitable  for  laboratory  aprons, 
coats,  leggings,  gloves,  etc.,  recently  perfected  in  Lancashire 
have  been  received  by  the  Textile  Division  of  the  Bureau  of 
Foreign  and  Domestic  Commerce.  Further  particulars  rnay 
be  obtained  by  addressing  that  Division.     (P.  410) 

There  are  live  mills  in  Italy  manufacturing  artificial  silk, 
all  of  which  use  the  viscose  process.     (P.  415) 

By  Australian  Customs  Proclamations  the  exportation  of 
metals,  alloys,  and  minerals  is  prohibited.     (P.  443) 

As  a  quarantine  measure  against  agricultural  pests,  the  Peru- 
vian government  has  prohibited  the  importation  of  cottonseed 
into   that  country.      (P.  443) 

A  bill  has  been  introduced  in  the  Congress  of  Uruguay  which 
proposes  a  government  monopoly  on  the  production,  importa- 
tion, or  sale  of  alcohol.     (P.  443) 

The  National  University  of  La  Plata,  Argentine,  plans  to 
construct  and  instal  a  hydraulic  laboratory  on  the  water  front 
of  La  Plata.     (P.  448) 

Because  of  the  importance  of  the  Cuban  import  trade  in 
caustic  soda,  bleaching  powder,  and  hydrochloric  acid,  the  uses 
to  which  these  chemicals  are  put  in  Cuba  are  described.  (Pp. 
448-9) 


.All  the  nitrate  firms  in  Chile  are  producers  or  jjossible  producers 
of  iodine  but  the  Comliinacion  de  Yodo  restricts  the  free  pro- 
duction of  this  drug.  With  a  view  to  increasing  the  u.sc  of  iodine 
the  combination  has  offered  prizes  for  the  discovery  of  new  uses 
for  it.     (P.  449) 

It  is  reported  that  poppy-seed  oil  is  used  for  illumination  and 
fuel  in  Smyrna.     (P.  4.'>ll) 

An  exhaustive  report  entitled  "Mineral  Deposits  and  Indus- 
tries in  South  Africa"  is  on  file  in  the  Bureau  of  Foreign  and 
Domestic  Commerce  and  may  be  obtained  for  consultation  by 
addressing  tlie  Western   Kuropean   Division.      (P.  4.')(j) 

The  lignite  and  peat  deposits  in  Italy  are  described.     (P.  487) 

Rules  for  oil  exploitation  on  federal  lands  in  Mexico  are  cited. 

(P.  493) 

A  new  schedule  of  import  duties  on  petroleum  and  paraffin 
is  announced  in  Cyprus.     (P.  .506) 

The  new  tariff  of  the  \'irgin  Islands  of  the  British  West  Indies 
places  a  duty  on  oils  and  turpentine.     (P.  507) 

A  licensing  system  for  the  importation  of  dyestuffs  into  Japan 
has  been  proposed,  but  if  adopted  it  will  not  be  effective  until 
three  months  after  passage  and  advance  notice  of  at  least  30  to 
60  days  will  be  given  the  public.     (P.  .507) 

A  number  of  important  changes,  for  the  most  part  reductions, 
have  been  made,  in  the  minimum  duties  of  the  new  Spanish 
customs  tariff,  affecting  principally  mineral  oils  and  industrial 
starches.     (Pp.  .508-9) 

Changes  in  the  Spanish  export  duties  have  also  been  made 
with  respect  to  copper  ores,  cassiterite,  copper  precipitate,  and 
metallic  bismuth.     iP.  .509) 

The  German  government  control  of  light  oil,  crude  benzene, 
benzene,  toluene,  and  related  products  was  removed,  effective 
April  1,   1922.     (P.  510) 

The  action  of  the  Brazilian  government  in  making  various 
loans  and  concessions  to  encourage  the  manufacture  of  caustic 
soda  in  Brazil  will  undoubtedly  work  to  the  detriment  of  Ameri- 
can  exportation   of  caustic   soda   to   Brazil.      (P.   513) 

The  Latin  .American  Division  of  the  Bureau  of  Foreign  and 
Domestic  Commerce  has  available  the  following  reports  on  the 
mineral  deposits  and  industries  of  Brazil  which  will  be  sent  to 
the  Bureau's  district  or  cooperative  offices  upon  request  for 
the  numbers  given:  .54, .555,  monazite  sand;  .54,5.59,  manganese; 
54,507,  mica;  54,508,  iron;  54,509,  oil;  54,.5.57,  translation  of 
the  Brazihan  mining  law;  55963,  mineral  industries  of  Sao 
Paulo.     (P.  513) 

The  tin  mining  industry  of  the  Dutch  East  Indies  is  described. 

(P.  551-2) 

The  petroleimi  trade  of  Palestine  is  reviewed.  (Pp.  5.56-7) 
It  is  believed  that  the  establishment  of  agencies  in  Aden 
would  give  .American  concerns  an  excellent  opportunity  to  secure 
the  small  but  steady  market  for  paints  in  this  district.  (P.  582) 
Foreign  experts  are  being  added  to  the  staff  connected  with 
the  Industrial  Experiment  Stations  of  Japan  to  find  a  solution 
for  the  shortage  of  raw  materials,  the  chief  weakness  of  Japan's 
industrial  and  commercial  life,  and  an  appropriation  has  been 
made  for  the  Oska  Industrial  Experiment  Station  to  ascertain 
to  what  extent  artificial  products  can  be  used  as  substitutes  for 
natural  resources.     (P.  588) 


GuATEMAL.\ 

Trade  or  .Aden,  Fiscal 
Year    1920-21 


Speci.al  Supplements  Issl-ed 

Trade  of  Czechoslo-  Trade  of  Hongkong 
VAKI.1   in    1920  in    1920 

Trade  of  Denmark  Trade  of  Western 
in  1920  Samoa    in    1920 


Statistics  of  Exports  to  the  United  States 

.    3171  Red    Sea    District —       Tampico, 
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Syria— (P.    386) 


iREECE— (P.     385) 
Opium 
Olive     oil 
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D.  C.     Other  pubticaltons  can  usually  be  supplied  from  the  Bureau  or  De- 
partment from  which  they  originate. 

Bureau  of  Foreign  and  Domestic  Commerce 

Asbestos:  World  Production  and  Trade.     Prepared  in  Western  IJuropeun 

Division   by   C.   C.    MiLl.KR.      Trade  Information    Bulletin  20.      10    pp 

Issued  April  20,  1922. 
Markets  for  Chemicals  in  tlie  Netherlands  East  Indies  and  British  Malaya. 

J.    A.    FowuKR.      Trade   Information    Bulletin   31.      18   pp.      Issut-.l    June 

12.  1922. 
The  German  and   Alsatian  Potash  Industry.     Prepared   in   the    Western 

European     Division.      Trade     Information      Bulletin     18.     11    pp     Issued 

April  U),  1022. 

Bureau  of  Mines 


K,/.o 


of  Investigations  23S4.    0  pp. 


Mercury  Poisoning.     R.  R.  Saykr 
Issued  May  1922. 

Methods  for  Testing  Petroleum  Products  Adopted  by  the  Interdepart- 
mental Petroleum  Specifications  Committee.  A  Handbook  for  Inspect- 
ing Laboratories.      Technical  Paper  298.     j.s  pp.      Paper.  10  eents. 

Mica.  Oi.ivKK  Bowles.  Reports  of  Investisations  2357.  W  pp.  l.ssueil 
May  1922. 

Recent  Articles  on  Petroleum  and  Allied  Substances.  Compiled  by  U  II 
BuRROirt^HS.      Reports  of  Investigations  2348.     21pp.      Issued  April  1922. 

Recovery  of  Gasoline  from  Uncondensed  Still  Vapors.  D.  B.  Dow.  Re 
ports  of  Investigations  2iH.      2U  pp.      Issued  April  1922. 

Separation  of  Palladium  and  Platinum  by  Means  of  Dimethylglyoxime. 
O.  W.  D.wis.      Reports  of  Investigations  2351.      2  pp.      Issued  May  1922. 

Smokeless  Fuel  for  Salt  Lake  City.  G.  St.  J  Perrott  .\nd  II.  W.  Ci..ark 
Reports  of  Inccstigalions  23il.      IS  pp.      Issued  .April  1922. 

The  Analytical  Distillation  of  Petroleum  and  Its  Products.  E.  W.  Ue.\.n', 
H.  H.  Hill,  N.  A.  C.  .Smith  .■ind  W  A  .I.\cobs.  Bulletin  207.  S2  pp. 
Paper,  l.i  cents. 

The  Sulfur  Dioxide  Leaching  Process.  Method  for  Treating  Nonsulfide 
Copper  Ores  as  Developed  at  the  Southwest  Experiment  Station  of  the 
Bureau  of  Mines.  C.  E.  van  Barneveld  and  E.  S.  Lkavbr.  Reports 
of  Investigations  2350.      15  pp.      Issued  May  1922. 

The  Tannic  Acid  Method  for  the  Quantitative  Deternlination  of  Carbon 
Monoxide  in  the  Blood.  R.  R.  Savers  and  W.  P.  Yant.  Reports  of 
Investigations  2356.      7  pp.      Issued  May  1922. 

Congress 

Helium  Gas.  .A  bill  authorizing  the  conservation,  production,  and  exploi- 
tation of  helium  gas,  a  mineral  resource  pertaining  to  the  national  de- 
fense, and  to  the  development  of  commercial  aeronautics,  and  for  other 
purposes.  H.R.  11549.  5  pp.  Introduced  by  Mr.  Kahn,  May  4,  1922, 
and  referred  to  the  Committee  on  the  Public  Landsv 

Muscle  Shoals.  A  bill  to  provide  for  the  m.inufacture  of  explosives  for  the 
use  of  the  Army  and  Navy,  to  provide  for  the  manufacture  of  fertilizer 
for  agricultural  purposes,  to  incorporate  the  Federal  Chemical  Corpora- 
tion, and  tor  other  purposes.  S.  3585.  22  pp.  Introduced  by  Mr.  Norris, 
May  U,  1922,  and  referred  to  the  Committee  on  Agriculture  and 
Forestry. 

Naval  Petroleum  Reserve  No.  3,  Wyoming.  Letter  from  the  Secretary  of 
the  Interior  and  the  Secretary  of  the  Navy  in  response  to  a  Senate  Reso- 
lution of  .■ipril  15,  1922,  transmitting  information  relative  to  negotiations 
with  private  parties  for  the  operation  of  lands  in  Naval  Petroleum  Reserve 
No.  3,  Wyoming.      Senate  Document  191.      3  pp.      April  20,  1922. 

Offer  for  Properties  at  Muscle  Shoals,  Ala.  Letter  from  the  Secretary  of 
War  transmitting  offer  received  from  Charles  L.  Parsons,  of  Washington, 
D.  C,  covering  certain  properties  at  Muscle  Shoals,  Ala.  House  Docu- 
ment 220.     4  pp.   .April  4,  1922. 

Tariff  Act  of  1922,  bill  (H.  R,  7456)  to  provide  revenue,  to  regulate  com- 
merce  with  foreign  countries,  to  encourage  industries  of  the  United  States, 
and  for  other  purposes,  as  reported  to  the  Senate  April  11,  1922.  179  pp. 
Senate  Document  1S7. 

Tariff  Bill,  report  to  accompany  S.  Con.  Res.  21  (for  printing  of  H.  R. 
7456,  to  provide  revenue,  to  regulate  commerce  with  foreign  countries, 
to  encourage  industries  of  the  United  States,  and  for  other  purposes,  as 
Senate  Document) ;  submitted  by  Mr.  Kiess.  H.  Rp.  911.  1  p.  -April 
19,  1922.      (Corrected  print.) 

Congressional  Committees 

Muscle  Shoals  Propositions.  .Amendments  to  Engstrum  Offer.  Hearings 
before  the   Committee  on   Military   Affairs,   "  '   "  •-...-..! 

67th  Congress,  2nd  session.     6  pp. 


of   Representat 


Report  from  the  Committee  on  Military  AITuirs,  to  accoinpan;  H. 
R.  11003.  Report  No.  1084.  57  pp.  June  9,  1922. 
Patents.  Hearings  before  the  Cominitlec  on  PutenU,  United  SUtcs 
Senate,  on  S.  332.')  und  S.  3410  bills  to  amend  Seclioni  4886  and  4887  of 
the  Revised  Statutes  relating  to  I'.ilents.  April  fl.  May  1,3,  and  4, 
1022.     302  pp. 

Bureau  of  Standards 

Carbon  Monoxide  in  Products  o(  Combustion  from  Natural  Gas  Burners. 
I  V.  IlRuMBADCll  AND  G.  W.  JoNils.  Tcchnologic  Paper  212.  Paper, 
II)  eents. 

Metallographic  Etching  Reagents:  II— For  Copper  Alloys,  Nickel,  and  the 

Alpha  Alloys  of  Nickel.     II.  S.  Rawdok  and  M.  G.  I.okhntz.     Scientific 

Paper  i3S.      I'ai.er.  l.".  cents. 
Recommended  Specifications  for  Quicklime  and  Hydrated  Lime  (or  Use 

in  Cooking  of  Rags  for  Manufacture  of  Paper.     Circular  96  (Reprint). 

5  pp.      Paper,  5  cents. 
The  Redwood  Viscometer.     W.    11.    IIbrschkl.     Technologic   Paper  210. 

Paper.  10  cents. 
The  Solubility  of  Dextrose  in  Water.     R.  V.  Jackson  and  C.  G.  Silsbbs, 

Scientifii   Paper  437.      Paper,  5  cents. 

Bureau  of  the  Census 

Animal  and  Vegetable  Fats  and  Oils:  Production,  Consumption,  Imports, 
Exports,  and  Stocks  by  Quarters,  Calendar  Years  1919,  1920,  and  1921. 
Prepared  under  supervision  of  W.  L.  Austin,  assisted  by  H.  J.  Zihmuk- 

MAN.     Itj  pp.     1922. 

Department  of  Agriculture 

Some  Changes  in  the  Composition  of  California  Avocados  during  Growth. 
C.  G.  Church  and  E.  M.  Cuack  Department  Bulletin  1073.  22  pp 
Paper,  5  cents.     Issued  May  12.  1922. 

Geological  Survey 

Chromite  in  1921.  Edward  Sampson.  Separate  from  Mineral  Resources 
of  the  United  States,  1921,  Part  I.     3  pp.     Published  May  15,  1922. 

Copper  in  1920.  General  Report.  H.  A.  C.  Jenison.  Separate  from 
Mineral  Resources  of  the  United  SUtes,  1920,  Part  I.  53  pp.  Pub- 
lished May  16,  1922. 

Fuel  Briquets  in  1921.  W.  F.  McKennbv.  Separate  from  Mineral  Re- 
sources of  the  United  States,  1921,  Part  II.  5  pp.  PublUhed  May  26, 
1922. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  the  Eastern  States  in  1921.  Mines 
Report.  J.  P.  DUNLOP.  Separate  from  Mineral  Resources  of  the  United 
SUtes,  1921,  Part  I.      7  pp.      Published  May  12,  1922. 

Graphite  in  1921.  L.  M.  Beach.  Separate  from  Mineral  Resources  of 
the  United  States,  1921,  Part  II.     6  pp.     Published  June  5,  1922. 

Peat  in  1921.  K.  W.  CottrELL.  Separate  from  Mineral  Resources  of  the 
United  States,  1921,  Part  II.      2  pp.      Published  June  6,  1922. 

Surface  Water  Supply  of  the  United  States  1918.  Part  VU— Lower  Missis- 
sippi River  Basin.  N.  C.  Grover.  Robert  Follansbee  and  R.  C. 
Rice.  Prepared  in  cooperation  with  the  States  of  Colorado  and  Kansas. 
Water-supply  Paper  in.      38  pp.      Paper,  5  cents. 

Navy  Department 

Medical  Aspects  of  Gas  Warfare.  G.  H.  Mankin.  United  Stotes  Naval 
Medical  Bulletin  Published  for  the  Information  of  the  Medical  Depart- 
ment of  the  Service.     16  (April  1922) ,  64 1-9. 

Public  Health  Service 

Carbon  Tetrachloride.  A  Drug  Proposed  for  the  Removal  of  Hookworms, 
with  Special  Reference  to  Its  Toxicity  for  Monkeys  when  Given  by 
Stomach  Tube  in  Repeated  Doses.  G.  C.  Lake.  Public  Health  Reports 
37  (May  12,  19221,  1123-0. 

Physiological  Effects  of  Exposure  to  Low  Concentrations  of  Carbon  Monoxide. 
R.  R.  Sayers,  F.  V.  Meriwether  and  W.  P.  Yant.  Public  Health 
Reports  37  (May  12,  1922),  1127-42. 

Tariff  Commission 
Preliminary  Summaiy  of  Census  of  Dyes  and  Coal-Tai  Chemicals,  1921. 

Tariff  Information  Series  25.     73  pp.      1922. 
Tariff  Information  Surveys.     Second  revised  edition,  1922.     On  articles  in 

Paragraphs  51  to  63,  inclusive,  of  the  Tariff  Act  of  1913  and  related 

articles  in  other  paragraphs.     Pigments,  Paints  and  Varnishes.     206  pp. 

Paper,  15  cents. 

War  Department 

Report  on  the   Fixation  and  UtiUzation  of   Nitrogen.     Prepared   by   the 

Nitrate    Division,    Ordnance  Office,  War    Department,   assisted   by    the 

Fixed  Nitrogen  Research  Laboratory,  Department  of  Agriculture.     No 

2041.     353  pp.     1922. 
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Demand  for  chemical  products  of  all  kinds  is  in  a  very  unstable 
condition  and  ig  subject  to  wide  variations  at  the  slightest  hint 
at  a  change  in  basic  conditions.  The  promise  of  a  gradual 
increase  seen  in  business  in  the  month  of  May  has  failed  utterly 
to  materialize  during  June.  Apparently  there  has  been  no 
definite  change  in  conditions  to  bring  this  about,  and  the  only 
excuse  that  is  offered  by  the  trade  is  the  threadbare  one  of  "sum- 
mer dullness."  The  continued  uncertainty  of  the  tariff  situation 
has  had  much  to  do  with  failure  of  business  to  increase  as  was 
expected  and  there  is  much  dissatisfaction  in  the  chemical  trade 
as  in  all  other  lines  of  business  with  the  obstructionist  tactics 
adopted  by  the  Senate  in  handling  the  measure.  The  general 
belief  is  that  a  definite,  even  unfavorable,  tariff  would  be  prefer- 
able to  the  continued  bickering  over  rates  that  is  now  going  on. 

Speculative  interest  in  the  market  has  died  away  to  a  notice- 
able extent  and  those  items  which  attracted  this  interest  last 
month  are  conssequently  weak.  Imported  barium  salts  and  yel- 
low prussiate  of  soda  are  outstanding  examples  of  this.  Barium 
chloride  gradually  eased  off  during  the  early  part  of  the  month 
following  the  announcement  that  another  domestic  producer 
would  be  able  to  offer  within  the  month  considerable  reductions 
under  prices  then  quoted.  Barium  carbonate  failed  to  advance 
as  speculators  believed  it  would,  and  has  shown  a  further  weak- 
ening with  that  of  the  chloride.  Yellow  prussiate  of  soda  has 
weakened  from  the  peak  in  spite  of  the  extremely  strong  statis- 
tical position  it  occupies  and  sales  have  been  made  at  21  cents 
in  spite  of  the  fact  that  most  holders  are  refusing  bids  at  less  than 
23  cents.  Estimates  from  various  sources  are  well  agreed  that 
stocks  in  New  York  do  not  exceed  twenty-five  tons  and  nothing 
can  be  had  from  England  for  some  months.  Yellow  prussiate  of 
potash  is  similarly  situated. 

Manufacturers'  price  changes  have  been  unimportant  with 
few  exceptions.  Potassium  nitrate  was  reduced  1  cent  per  pound 
on  competition  with  importers  and  a  smaller  comparative  re- 
duction was  made  on  iron-free  aluminium  sulfate  by  one  manu- 
facturer in  competition  with  German  goods,  although  others  have 
failed  to  follow.  American  muriate  of  potash  has  sold  in  com- 
petition with  German  in  New  York.  Makers  advanced  sodium 
acetate,  and  copper  sulfate  has  been  advanced  sharply  on  active 
export  demand  resulting  from  a  contract  made  by  consumers  in 
southern  Europe  with  a  group  of  producers  here.  Lead  acetate 
was  reduced  by  makers.     Bleaching  powder  is  firmer. 


Imported  products  have  been  generally  inactive  with  prices 
tending  downward.  Ammonium  chloride,  potash  alum,  sodium 
nitrate,  and  iron-free  sulfate  of  aluminium  are  lower  from  im- 
porters. Potassium  permanganate  is  firmer.  Camphor  is 
firmer  in  spite  of  the  hea\'>'  supplies  in  a  few  hands  here.  Po- 
tassium carbonate  is  advancing  on  more  active  demand.  Bees- 
wax, both  crude  and  refined,  is  sharply  higher  and  very  scarce  in 
the  New  York  market.  Wood  alcohol  is  slightly  firmer.  Form- 
aldehyde and  glycerol  are  weak. 

The  market  for  coal-tar  products  shows  little  activity.  The 
refiners  of  tar  advanced  their  prices  on  benzene  and  solvent  naph- 
tha early  in  the  month  on  the  continued  scarcity  of  supplies.  At 
the  same  time  the  announcement  was  made  that  drums  will  be 
quoted  in  the  future  at  5  cents  per  gallon  above  the  tank  car 
prices  for  any  quantity.  Naphthalene  is  weaker  in  outside  hands 
although  refiners  quote  7  cents  firm  for  flake  in  large  quantity. 
Price  cutting  to  force  sales  in  the  face  of  sharp  competition  be- 
tween makers  has  greatly  interfered  with  improvement  in  bus- 
iness in  intermediates.  Aniline  oil,  beta-naphthol,  dimethyl- 
aniline,  H  acid,  and  R  salt  have  been  particularly  subject  to  this 
condition  and  makers  are  exerting  every  effort  to  force  onto  the 
market  more  of  these  materials  than  it  can  possibly  absorb.  The 
entrance  of  new  manufacturers  of  these  items  into  the  field  when 
the  market  was  at  its  low  point  has  tended  to  render  the  con- 
dition caused  by  over-production  of  these  items  much  worse. 
The  market  for  para-nitroaniline  has  been  more  or  less  disturbed 
by  the  prospect  of  a  new  manufacturer  in  this  field,  but  so  far 
nothing  further  than  rumors  have  come  into  the  market.  Dyes 
are  generally  inactive. 

Oils  have  shown  little  activity  during  the  month  and  prices 
seem  to  have  ceased  their  recent  steady  advance.  Linseed  oil  is 
declining  on  lower  seed  prices.  Cod  and  menhaden  oils  from  the 
new  catch  are  coming  into  the  market  in  small  lots  and  specula- 
tive trading  in  futures  is  fairly  active.  Cottonseed  oil  is  ex- 
tremely dull  with  supplies  small  in  all  directions  and  with  little 
interest  from  consumers.  Trading  in  next  winter's  oil  is  proceed- 
ing slowly  at  prices  below  the  present  market  for  nearby  oil. 
Turpentine  is  advancing  at  present  and  seems  firm  at  the  suc- 
cessive levels.  Rosin  went  sharply  higher  late  in  May  but 
arrivals  shortly  after  the  first  of  June  forced  sellers  to  reduce 
prices  below  the  levels  quoted  before  the  advance. 
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FIRST-HAND  PRICES  FOR  GOODS    IN    ORIGINAI.   PACKAGES   PREVAILING    IN   THE    NEW    YORK    MARKET 
INORGANIC  CHEMICALS  ru,,.  i  t,,„, 


Acid,  Boric,  cryst.  bbls lb. 

Hydrochloric,  comm'l.  20°lb, 
Hydrofluoric.  30%  bbls.. lb. 
Hydriodic.  sp.  gr.  1.150.. .lb. 
Nitric,  42°,  cbys.  c/1  wks.lb. 

Phosphoric,  50%  tech lb. 

Sulfuric,  C.  P lb. 

66°  ties,  wks ton 

Oleum  20% ton 

Alum,  Ammonia,  lump tb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminium  Sulfate   (iron-free)  lb. 
AmmODtum  Carbonate,  pwd...lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°...  lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  cnrstals. .  .lb. 

Nitrate lb. 

Red lb. 

White  (Carb.) lb. 

Lime  AceUte 100  lbs. 

Magnesium  Carbonate,  tech... lb. 

Magnesite,  calcined ton 

Phosphorus,  yeUow lb. 

Red lb. 

Plaster  of  Paris bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85%. lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk lb. 

Nitrate lb. 

Permanganate,  U.  S.  P.... lb. 

Prussiate,  red lb. 

YeUow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76%,  N.  Y. .  100  lbs. 


•Resale  or  Imported  (not  : 


.im 

■  UH 

A2H 

■  OlH 

.OIK 

.01.li 

.07 

.07 

.07 

2.25 

2.25 

2.00 

.06 

.06 

.06 

.08 

.08 

.10 

.07 

.07 

.07 

16.00 

16.00 

16.00 

19.00 

19.00 

19.00 

.03>^ 

.03J^ 

.03;^ 

•.03 

•.03 

•.03J-i 

.06H 

.06K 

.07 

.03H 

■osa 

■  03'A 

.02H 

.02}^ 

.02K 

.07 

.07 

.08 

.07Jf 

.07)i 

.07M 

.30 

.30 

.30 

.07H 

.07H 

.07H 

.07.'.^ 

.07Ji 

.06K 

100.00 

•95.00 

•53.00 

•.06 

•.06 

♦.07 

33.. M 

33.50 

28.00 

1.60 

1.60 

2.25 

.OSH 

.05^ 

.05Ji 

6.00 

6.(50 

S.S5 

4.20 

4.20 

3.80 

.10^ 

.10« 

.11 

.15 

.15 

.15 

.08 

.08 

.08 

.07M 

.07>f 

.07H 

1.75 

1.75 

1.75 

.06 

.06 

.06 

5.00 

55.00 

55.00 

.25 

.25 

•.27 

•.26 

*.26 

•.30 

4.25 

4.25 

4.25 

.10 

.09Ji 

.lOM 

•.16 

•16 

•.13 

•.04"4 

•.04Ji 

*.04M 

•.06M 

*.06hi 

•.05« 

•.29 

•.24H 
17.00 

.44H 
•1.85 

3.80 


Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide,  96-98% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls 100  lbs. 

Nitrate.  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),tecb.   lb. 

Silicate,  40° lb. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


2.00 

2.00 

2.00 

.07K 

.07H 

.07H 

.04H 

.04}i 

.04H 

.06Ji 

.06Ji 

.07K 

.26 

.25 

.28 

.10 

.10 

.09H 

3.25 

3.25 

3.50 

2.80 

2.70 

2.32H 

.OflH 

.09H 

.06Ji 

.23 

.22 

.16H 

.04 

.04 

MH 

.01 

.01 

.OlH 

.04 

.04 

.08 

•.08 

•.08 

•.10 

3.00 

3.00 

2.75 

14.00 

14.00 

16.00 

.lOH 

.10>i 

■  09H 

.38 

.38 

.37 

ORGANIC  CHEMICALS 


AceUnilide,  U.S.  P.  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial lb. 

Benzoic,    U.  S.  P lb. 

Carbolic,  cryst.,  U.  S.  IP., 

drs lb. 

50-  to  110-lb.  Uns....lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks. ..lb. 

PyTogallic,  resublimed. . .  .lb. 

Salicylic,  U.  S.  P lb. 

Tannic,  U.  S.  P..  bbls lb. 

Tartaric,  cryst. .  U.  S.  P . . .  lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete. gal. 

Ethyl,  190  proof,  bbls.. .  .gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases ...  lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums. .    lb. 

Creosote,  U.  S.  P lb. 

Cresol,  U.  S.  P lb. 

Dextrin,  com 100  lbs. 

Imported  Potato lb. 

Ether,  U.  S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. .  .  .lb. 

Methanol,  pure,  bbls gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  com,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 


2.37H 


4.65 

4.65 

4.75 

1.90 

1.90 

2.00 

.75 

.78 

.90 

.06 

.06 

.06H 

.10 

.10 

.lOH 

.30 

.30 

.43 

.40 

.40 

.40 

.14 

.14 

.14 

2.99 

2.99 

2.70 

.09 

.09 

.06H 

.14 

.14 

.14 

.08 

.08 

.lOH 

.12H 

.12>i 

.14H 

.72 

.72 

.75 

3.00 

3.00 

4.00 

.04^ 

.04H 

.05)i 

1.75 

1.75 

1.75 

2.47 

2.47 

2.13 

.07 

.07 

.06H 

.03H 

.03H 

04. 

1920 

1921                                     1922 

-  Plira;  CHSIZICAL  AVERAGE    - 
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1 
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OILS,  WAXES,  ETC. 


Beeswax,  pure,  white 

Castor  Oil,  No.  3 lb 

Ceresin,  yellow lb 

Corn  Oil,  crude,  tanks,  mills... lb 
Cottonseed  Oil,  crude,  f.  o.  b. 

mill lb 

Linseed  Oil.  raw,  c/l gal 

Menhaden  Oil,  crude,  mills.,  .gal 

Neat's-foot  Oil,  20° lb 

Paraffin,  128-130  m.  p.,  ref lb 

Rosin,  "F"  grade,  280  lbs bbl 

Rosin  Oil,  first  run gal 

Shellac,  T.  N lb 

Sperm  Oil,    bleached    winter, 

38° gal 

Stearic  Acid,  double  pressed.,  .lb 

Tallow  Oil,  acidless lb 

Turpentine,  spirits  of gal 


Aluminium,  No.  1,  ingots 

Antimony,  ordinary 100  lbs. 

Bismuth 

Copper,  electrolytic 

Lake 

Lead,  N.  Y 100  lbs 

Nickel,  electrolytic 11 

Platinum   refined,  soft o 

Quicksilver,  flask 75  lbs.  e: 

Silver,  foreign o; 

Tin 11 

Tungsten  Wolframite   . . .  per  uni 
Zinc,  N.  Y 100  lb 


11 

.11 

AOH 

07  M 

■  OTA 

.07H 

09H 

.09H 

■  06H 

.38 

■  03% 
5.65 
.36 

.82 

1.59 
.09H 


FERTILIZEE  MATERIALS 


Ammonium  .Sulfate,  expt.  100  lbs  3. 10 

Blood,  dried,  f.  o.  b.  N.  Y...  .unit  3.65 

Bone,  3  and  50,  ground,  raw.. ton  28.00 
Calcium   Cyanamide,  unit    of 

ammonia 2.25 

Fish  Scrap,  dried,   wks unit  3..50&. 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3.00 

Tennessee,  78-80% ton  6.00 

Potassium  Muriate,  80%. .  .  .unit  *.60 
Tankage,  high-grade,    f.  o.  b. 

Chicago unit  3.63  &•  . 


1.70 
.09Ji 


METALS 

.n^ 

.17H 

.17 

s.            5.  37 '2 

5.30 

4   55 

).            2.10 

2.10 

1.80 

).              .14 

.13K 

.13H 

).              .14 

.13% 

.13% 

5.            5.60 

5.75 

4.70 

D.              .39 

.39 

.45 

2.          85.00 

87.00 

78.00 

55.00 

•     55.00 

52.00 

<■■              .71^ 

.7m 

.65Jf 

>.             .32^^ 

.31^ 

.32M 

t            2.00 

2.00 

2.00 

5.            5.50 

5.75 

5.20 

3.50 

2.60 

3.65 

3.50 

28.00 

30.00 

2.25 

2.25 

3.50  & 

10 

3.25  & 

10 

3.00 

5.00 

6.00 

8.00 

•.60 

*.75 

3  65S: 

10 

3.00  & 

10 

COAL-TAR  CHEMICALS 


Crudes 

Anthracene,  80-85% lb. 

Benzene,  pure ,  tanks gal . 

Naphthalene,  flake lb. 

Phenol,  drums lb. 


Crudes  {concluded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 
tanks. gal. 

Intermediates 
Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Naphthionic.  crude lb. 

Ncvile  &  Winthers lb. 

Picric lb. 

Sulfanilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) ...  .lb. 
Benzaldehyde,  tech lb. 

U.  S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

<>-Dichlorobenzene lb. 

Diethylanilinc lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotolucne lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

!>-Naphthol,  dist lb. 

a-Naphthylamine lb. 

i>-Naphthylamine lb. 

m-Nitroaniline lb. 

^-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane) . .  lb. 

p-Nitrophenol lb. 

o-Nitrotoluene lb. 

/>-NitrotoIuene lb. 

m-Phenylenediamine lb. 

f>-Phenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt lb. 

Resorcinol,  tech lb. 

U.  S.  P lb. 

Schaeffer's  Salt lb. 

Sodium  Naphthionate   lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

O-Toluidine lb. 

0-To!uidine lb. 

m-Toluylenediamine lb. 

Xylidine lb. 


1.25 
.20 


.Tunc  IS        Jan.  192 


1.10 
.50 
1.50 
2.25 
1.00 
1.60 
2.30 
.65 
1.30 


1.50  2.00 

1.15  1.15 

.14  .17 

.20  .25 

1 . 35  1 . SO 

.65  .45 

1.40  1.25 

.85  .90 

.70  .70 

5.50  5.50 

4.50  4.75 


1.00 

1.00 

1.50 

1.50 

.35 

.35 

.55 

.50 

1.30 

1.30 

1.75 

1.75 
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1920 

1921 

1922 
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EDITORIALS 


The  War  in  Washington 

IF  YUl'  art-  aiuKiin  tln.se  who  believe  the  war  is  really 
over,  you  iiei-d  to  lie  awakened.  It  is  tnie  that  war 
is  over  in  the  sen.se  that  our  soldier?  no  longer  fisht. 
but  whih-  men  still  die  fnim  the  effects  of  the  war  the  enemy 
eontinues  his  fight  in  \Va<hin(tton. 

The  ficht  in  the  nuoin  is  carried  on  in  secret  in  the  ways 
so  well  developed  in  the  days  prior  to  the  Circat  War,  but 
niiw  and  again  the  enemy  shows  him.self  and  can  be  seen  like 
a  saike  making  his  way  through  the  grass,  ^\■hat  makes 
us  nii>^t  indignant  is  the  ea.se  with  which  this  figiit  is  carried 
to  places  high  in  our  Government.  \\e  all  knew  there  would 
be  a  "war  aft^T  the  war,"  but  no  one  would  have  believed 
that  our  owni  government  deiiartments  would  be  among  the 
first  to  waken  the  line  of  defense.  Would  any  tnie  Ameri- 
can have  pre<licte<l  that  chemists  and  the  chemical  industry 
Would  Ik-  subjected  to  unfair  discrimination? 

.\nt.\ooxism  to  Chemic.vi,  Warfare  Service 

The  many  chemist.s  who  were  urged  to  enter  the  service 
and  upon  whom  the  military  establishment  depended  for  its 
mt»st  effective  means  of  offense  and  defense  were  mustered 
out  with  greater  rapidity  (han  any  other  branch  of  the  ser- 
vice. Not  until  a  fight  was  made  were  the  officials  brought 
to  realize  the  folly  of  scattering  the  information  pained 
at  such  gn'at  cost  and  the  gi-ave  danger  involved  in  tlis- 
|M-nsing  entirely  with  the  services  of  chemists.  Even  to-day 
tiie  Chemical  Warfare  Ser\-ice  is  far  from  secure.  Officials 
have  rcfu<<><l  to  be  convincetl  of  the  proved  humanitarian 
asp«Tts,  the  simplii'ity  and  economy  of  chemical  warfare. 
Army  officers  of  the  old  school  have  endeavored  to  turn  their 
backs  on  the  utility  of  nontoxic  smokes,  l.■■.ch^,^nators,  in- 
cendiaries, and  other  chemical  weapons  not  to  be  cla.<sed  with 
jioi.son  gfts**.  Notwithstanding  the  demoralizing  effect  of 
uncertain  War  Department  policy  and  limited  funds,  the 
Chemical  Warfare  S<'rvice  has  contiinie<l  its  program  of  re- 
M'areh. 

Sfl'I'RESrtlO.N  OF  TkcHXICAI,  Ke1'()!!T 

When  the  Technical  Committee  was  appoint<<d  to  .serve  the 
Limitation  of  ,\nnamcnt  Conference,  it  was  thought  that 
chemical  warfare  was  in  such  hands  that  at  least  a  fair  hear- 
ing would  Ik-  s<'cun'«l.  So  far  there  is  no  evidence  that  the 
n<|)ort  of  this  romniitt<><>  of  experts  was  ever  giveti  considcr- 
nfioM.  The  State  Department  Bnnounce<l  that  all  reports 
Would  be  printed  iK-fore  the  treaties  were  offered  to  Congress, 
but  this  technical  rt'iHirt  has  been  suppresse<l,  and,  like  the 
ofhert,  never  printefl.  It  is  significant  that  efforts  to  se- 
ruri'  the  relea.se  of  this  report  for  publication  have  been  un- 
succi-ssful. 

Attack  on  Textile  Alliance 

■  Then  came  the  turn  of  the  Textile  Alliance.  In  spite 
of  itt  snii.sfaclorj'  n>conl  of  w!r\-ice  to  Anwrican  users  of 
re|v»ratii  1  dyes,  the  State  Department  t<Mik  sudden  ;iiid 
unexpecteil  nrlion  in  severing  it"  relations  with  the  Te\tili> 
■Mlinnce.  The  State  I)et)artinent  now  stendfa-stly  contends 
th»t  if  Ameriean  users  wish  n'|>.imti<m  dyes  they  should 
secure  thetn  thmiigh  ( iennan  importers.  Whose  interests 
does  the  State  Department  propose  to  protect? 


Rexewai.  of  Patent  Convention 

Soon  came  a  request  from  the  State  Dopiirtaient  to  the 
President  that  the  Treaty  Convention  of  1009  be  renewed. 
This  was  protested  by  chemists  but  without  avail,  for  that 
Convention  has  now  been  renewed  and  provides  that  if 
German  citizens  are  not  required  to  operate  under  their 
American  patents,  Americans  owning  German  patents  will 
not  be  retjuired  to  operate  in  Germany.  Several  powerful 
corporations  not  chemical  in  nature  find  tliis  to  their  ad- 
vantage, l)ut  it  may  some  day  be  distinctly  to  the  disadvan- 
tage of  our  great  chemical  industry. 

Plan.s  to  Destroy  Foundation 

Now  comes  the  letter  of  the  President  directing  the  Alien 
Property  Custodian  to  recover  from  the  Chemical  Foundation 
the  German  patents  purcha.sed  from  the  Custodian  during 
the  war.  It  is  inconceivable  that  the  President  could  ha\e 
ajipreciated  the  full  significance  of  tliis  step,  or  certainly  he 
would  not  liavc  taken  it.  Did  he  consult  the  chemists, 
the  chemical  manufacturers,  the  medical  profession,  or 
only  those  who  are  either  misinformed  or  under  foreign 
influence? 

The  Chemical  Foundation  has  become  the  nucleus  of  our 
organic  chemical  industry.  Because  of  licenses  granted  by 
the  Foundation  .§100,000,000  has  been  invested.  Upon  the 
assurance  of  scores  of  attorneys,  chemical  maimfacturers 
have  laid  out  programs  of  development,  many  of  which 
have  been  followed  notwithstanding  industrial  depression. 
At  the  time  the  Foundation  was  incorporated  it  received 
general  commendation.  No  licensee  has  objected  to  the 
treatment  received  from  the  Foundation.  Because  non- 
exclusive licenses  are  granted,  monoiiolies  have  been  broken 
and  the  ultimate  consumer  has  benefited  tliereby.  Recently 
the  president  of  the  Foundation  appeared  before  the  sub- 
committee of  tiie  Judiciary  Committee  of  the  Senate  and 
offered  himself  for  cross-examination.  It  is  notable  that 
no  one  accepted  the  challenge. 

Our  highest  legal  authorities  have  said  "that  Congrexn 
is  nnl  empowered  by  the  Co)i.olitution  to  pass  laros  for  t/ie  pro- 
tection of  authors  aiid  inventors,  except  as  a  means  of  promoting 
the  progress  of  science  and  the  itscful  arts,"  and  this  is  so  ex- 
pre.s.sed  in  the  ("onstitution.  Ameriean  cliemical  patents, 
particularly  prfKluct  patents,  owned  by  foreigners  have  been 
used  quite  generally  not  "to  promote  science  and  the  useful 
arts''  in  our  coimtry,  but  for  the  sole  purpose  of  preventing 
such  development  by  manufacture  here,  leaving  to  them  a 
protected  field  for  their  exploitation.  Many  contend  that 
this  abuse  of  our  patent  law  should  deprive  owners  of  their 
])atent  rights. 

However,  the  h'gal  phases  will  be  decided  in  court.  Of 
course  the  Chemical  I'bundation  has  refused  to  obey  the 
demand  of  the  .Mien  Property  Custodian  and  in  due  time 
civil  s\iits  will  be  instituted.  The  sale  of  these  patents  was 
made  in  accordance  with  the  Trading-with-the-Euemy  Act 
as  amended  and  ui)on  executive  order  of  the  President  who 
had  been  given  the  power  by  ("ongress  to  make  such  dis- 
position of  enemy  property  as  seemed  to  be  in  tlie  best  inter- 
ests of  the  countrv. 
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Value  of  Patents 

The  value  of  these  ]3atent<?  Certain  members  of  Congress 
who  have  mentioned  ton,  twenty,  or  thirty  millions  state 
that  this  would  bo  their  value  if  these  patents  were  used  to 
erente  monopolies.  Since  these  patents  were  used  by  i\mv 
original  owners  for  tliat  jsurpose,  they  nuiy  i^lace  sueli  \'alu- 
ation  upon  them.  As  administered  by  the  Chemical  Founda- 
tion they  can  have  but  a  very  small  fraction  of  that  value. 
These  patents  are  not  resold  by  the  Foundation,  but  non- 
exclusive licenses  are  granted,  sometimes  without  royalty 
or  upon  royalties  rarely  exceeding  5  per  cent  of  the  market 
value  of  goods  manufactured.  Tlie  Foundation  has  granted 
to  the  Government  free  licenses  on  all  ijatents  held  by  it. 
The  benefits  derived  from  competition  are  illustrated  by  the 
case  of  salvarsan.  Prices  under  tlie  German  monopoly  were 
54.50  per  dose  to  the  physician,  S2.50  per  dose  in  quantity 
to  the  Government.  There  are  now  several  licensees  in  this 
country  manufacturing  a  satisfactory  product  and  as  a  con- 
sequence the  price  has  fallen  to  $1.50  and  about  30  cents, 
respectively. 

While  the  Chemical  Foundation  is  a  privately  managed 
enterijrise,  it  is  as  nearly  an  altruistic  institution  as 
one  will  ever  find  engaged  in  business.  The  president  re- 
ceives no  salary.  Of  the  §500,000  capital  stock,  S400,000 
is  preferred  nonvoting;  8100,000  is  common,  carries  the 
voting  power  and  is  not  owned  in  excess  of  two  shares  by  any 
individual  or  corporation.  There  is  a  voting  trust  and  the 
trustees  are  men  of  such  high  character  that  it  seems  un- 
necessary to  dwell  on  the  point,  even  where  political  issues 
are  involved.  Any  money  earned  in  excess  of  6  per  cent  is 
devoted  to  research,  education,  and  eventually  to  the  de- 
velopment of  worth}-  American  inventions. 

The   Motive? 

With  this  background,  we  ask — as  does  the  public  in  the 
case  of  crime — what  can  be  the  motive?  What  is  actuating 
our  officials,  aUied  vdih  a  party  whose  cornerstone  is  pro- 
tection, to  take  so  many  unusual  steps  against  the  chemical 
industry?  Some  argue  that  it  is  the  smaller  politicians 
who  desire  to  discredit  officials  of  the  former  administration. 
Surely  an  industry  and  all  that  goes  with  it  for  pubUc  benefit 
and  welfare  would  not  be  sacrificed  for  so  small  a  price. 
We  do  not  believe  that  personalities  are  involved.  Others 
say  that  the  Department  of  .Justice  must  make  a  showing 
in  the  prosecution  of  so-called  ''war  frauds"  and  give  the 
pubMc  something  to  think  about  other  than  the  much-dis- 
cussed record  of  the  Attorney  General  in  the  Morse  case. 
But  here  again  one  can  hardly  think  that  all  that  comes 
from  the  encouragement  of  chemistrj-  in  this  country  would 
be  sacrificed  in  such  a  manner.  Again,  others  say,  "Oh, 
well,  it  will  be'a  good  thing  to  return  these  patents  to  govern- 
ment control,  for  they  will  not  be  given  back  to  Germany 
but  administered  in  future  for  the  benefit  of  our  industry 
and  research."  This  is  fraught  with  unusual  dangers.  There 
has  already  been  introduced  a  bill  authorizing  the  return  of 
property  held  by  the  Men  Property  Custodian  valued  at 
S10,000"or  less,  and  Section  12  of  the  Trading--nith-the- 
Enemy  Act  provides  that  with  Congress  rests  the  responsi- 
bility of  disposing  of  property  held  by  the  Alien  Property 
Custodian.  No  dependence  can  be  placed  on  what  Congress 
will  do  with  this  property.  We  have  as  yet  no  reason  to 
believe  that  Congress  appreciates  its  value  to  America, 
and  by  value  we  mean  things  that  cannot  be  appraised  in 
doDars.  If  these  patents  are  returned  to  the  Alien  Property 
Custodian  we  must  look  forward  to  being  ourselves  returned 
to  the  power  of  the  monopolies  we  learned  to  know  and  despise 
during  the  war. 


German  Visits 

Tlie  Department  of  Justice  admits  that  it  has  been  visited 
by  representatives  of  German  interests,  although  claiming 
that  this  visit  had  nothing  to  do  with  recovery  of  patents — 
that  the  Germans  sought  advice  relative  to  instituting  suits 
growing  out  of  the  seizure.  The  Department  stated  that 
the  demand  for  the  patents  is  the  most  econouiiial  method 
of  fighting  a  number  of  suits  filed  against  the  United  States 
Treasurer  by  the  Chemical  Foundation.  Even  in  these 
days  of  economy  one  cannot  believe  this  explanation.  The 
suits  in  question  are  friendly  suits  to  establish  the  owTiership 
and  the  amounts  of  money  deposited  with  the  United  States 
Treasurer  by  manufacturers  licensed  by  the  Federal  Trade 
Commission  before  the  patents  became  the  property  of  the 
Chemical  Foundation.  These  are  not  federal  funds,  but 
money  paid  for  license  fees  to  be  transmitted  to  the  owner, 
and  there  is  an  accounting  to  be  made  both  for  the  time 
prior  to  and  since  the  sale  of  the  patents  to  the  Foundation. 

WTiat,  then,  is  back  of  all  this  uproar?  Without  doubt 
there  is  a  strong  political  aspect  in  the  action  against  the 
Foundation.  If  the  sale  had  been  made  with  Republicans 
in  power,  the  present  administration  no  doubt  would  have 
resorted  to  friendly  conference.  As  it  is,  there  will  be  a  deal 
of  unfortunate  pul)licity  which  wiU  tend  to  hurt  the  chemical 
industry  regardless  of  its  relations  with  the  Foundation. 
At  the  moment,  not  only  the  Foundation,  but  chemistry 
stands  convicted  in  the  eyes  of  the  pubUc  without  a  hearing. 
But  the  most  sinister  influence  originates  in  Germany  and 
is  ably  fon\-arded  by  adherents  in  this  country.  Most  of 
the  editorial  comment  favorable  to  the  action  taken  by  the 
President  is  to  be  found  in  foreign  language  newspapers  and 
subsidized  sheets  known  to  be  either  under  the  domination 
of  German  influence  or  already  identified  with  interests 
unfriendly  to  the  American  chemical  industry.  Hyphenated 
societies,  with  objects  and  principles  of  old  unchanged,  have 
passed  appro\ing  resolutions. 

Who  Has  the  Backdoor  Key? 

The  man  wiio  managed  the  presidential  campaign  of  our 
present  Secretary'  of  State  is  now  an  attorney  for  the  American 
representative  of  the  German  Cartel.  In  the  Department 
of  Justice  is  ex-Senator  Thomas  who  consistently  fought 
any  attempt  to  encourage  the  chemical  industry  in  this 
country  while  he  held  office.  One  alert,  resourceful  and 
crafty  importer  has  unobstructed  access  to  the  floor  of  the 
House  by  virtue  of  being  one  of  its  ex-members.  He  has 
not  hesitated  to  abuse  this  privilege  in  furthering  his  own 
interests.  He  goes  at  will  to  give  his  misinformation  to 
those  who  will  listen,  wiiile  the  representatives  of  American 
industry  must  stop  at  the  door.  Representatives  of  the 
Interessengemeinschaft,  "I.  G.,"  are  said  to  have  had  their 
desks  in  the  oflaces  of  United  States  senators.  A  favorite 
source  of  information  for  the  opposition  and  those  who  have 
been  misled  by  it  is  a  man  who  admitted  before  a  congres- 
sional committee  that  he  represented  German  interests  in 
this  countn.'  for  years  prior  to  the  war,  was  especially  active 
under  the  direction  of  Boy-Ed,  and  received  a  large  salary 
for  which  he  did  many  despicable  things. 

Why  is  it  that  Americans  have  such  difficulty  in  being 
heard  by  some  high  government  officials?  Why  is  it  that 
some  of  our  govermnent  departments  seem  willing  to  sacri- 
fice American  industry,  chemical  and  otherwise,  if  by  any 
stretch  of  imagination  its  progress  might  be  detrimental 
to  foreign  interests?  Why  is  it  that  the  President  has  not 
directed  the  Alien  Property  Custodian  also  to  recover  other 
propertv  sold  by  his  predecessor,  even  though  sold  to  the 
Government?    this  includes  more  than  6000  patents  sold 


676 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  8 


to  the  Army  and  Navy  for  $100,000  in  order  that  munitions 
of  war  could  be  produced  without  infringement,  and  the 
wireless  patents,  including  the  Saj'^-ille  tower,  sold  to  the 
Navy  for  $140,000.  The  Government  will  have  to  settle 
for  their  use  if  these  sales  are  rescinded,  as  they  must  be  if 
the  Government  is  consistent  and  the  chemical  patents  are 
returned. 

Dte  Embaboo 

The  letter  of  the  President  was  nicely  timed  to  have  an 
influence  upon  the  dye  embargo.  Republican  senators 
were  placed  in  an  embarrassing  position,  and  if  it  did  not 
influence  their  vote,  certainly  it  made  it  difficult  for  them 
to  fight  for  the  measure  as  they  would  have  Uked  to  do.  As 
for  the  Democrats,  they  voted  strictly  on  party  lines,  without 
regard  to  the  merits  of  the  measure  and  apparently  oblivious 
of  their  previous  position  when  the  embargo  was  urged  by 
President  Wilson.  The  embargo  will  be  offered  for  another 
vote  when  amendments  to  the  bQl  are  considered  before  its 
final  piiiisagc.  Its  temporary  defeat  constitutes  another 
chapter  in  this  history  of  antagonism  toward  the  American 
industry. 

Temperamentally  we  are  not  inclined  to  become  excited, 
but  here  is  a  situation  that  thoroughly  arouses  Americans. 
The  story  has  been  retailed  to  us  by  friend  and  foe.  We 
remain  fully  confident  of  the  ultimate  outcome.  Surely 
justice,  proverbially  blind,  can  detect  and  thwart  thi.s  latest 
menace.  Meanwhile  the  opposition  continues  with  mis- 
statements, insinuations^  and  clever  intrigue.  What  are 
you  going  to  do  about  it? 

Speak  Up 

The  chemical  profession  must  speak  up.  We  are  now  on 
the  defensive,  and  must  fight  for  our  rights  or  be  reconciled 
to  lose  them  forever.  Chemistry  is  not  seeking  favors  for 
faithful  service  in  times  of  peace  and  war.  It  asks  no  largess 
for  all  that  it  has  done  in  strengthening  our  industrial  po- 
sition and  for  its  many  contributions  to  the  art  of  healing. 
No  pay  is  asked  for  the  part  played  in  making  life  safer, 
longer,  easier,  and  more  enjoyable. 

But  chemi.stry  and  the  chemical  industry  have  earned  a 
right  to  live  and  devilop.  They  demand  that  they  be  not 
made  the  footljall  of  politicians.  So  long  as  the  life  and 
future  of  chemical  research,  the  industry  and  the  part  it  plays 
in  national  defense  are  menaced,  we  must  continue  our 
campaign  of  e<lucation.  W'e  must  return  to  the  defense 
and  strengthen  our  lines,  although  figiiting  may  not  be  a 
plea-sant  occupation.  Many  of  us  would  rather  remain  un- 
molested in  our  laboratories,  turn  our  energies  to  construc- 
tive work,  plan  and  encourage  fundamental  research,  stimu- 
late development,  and  in  general  pursue  the  many  paths 
along  which  our  profession  leads  us. 

The  pres<-nt  fight  promi.scs  to  be  a  fight  to  the  finish.  The 
Department  of  Justice  is  committed  on  the  front  i)agc  of  the 
countrj's  papers.  It  will  not  turn  back  nor  will  we.  Our 
fight  cannot  be  left  to  a  few.  It  will  require  all  the  numbers 
we  can  command.    Can  we  count  on  you? 


The  Journal  of  Thysical  Chemistry 

'TUV-  FUTURE  of  the  Journal  of  Physical  Chemistry, 
which  has  made  an  enviable  reputation  for  itself,  has 
long  concerned  many  menitx^rs  of  the  Society.  Financial 
support  having  been  recently  offered,  the  question  of  a  plan 
for  future  development  has  engaged  the  attention  of  a  com- 
mittee of  the  Division  of  Physical  and  Inorganic  Chemistry. 
The  report  made  to  the  Division  at  Birmingham  was  sent  out 
t.i  the  memliers  of  the  Council  for  a  letter  ballot.    As  a  result 


steps  are  now  being  taken  to  learn  to  what  extent  and  in  what 
way  the  Chemical  Society  of  London  may  join  vnth  the 
American  Chemical  Society  in  the  future  management  and 
publication  of  the  Journal  of  Physical  Chemistry.  The  report 
stated  that  the  direction  of  the  Journal  of  Physical  Chemistry, 
if  undertaken,  was  to  be  without  expense  to  either  society. 
The  hope  was  expressed  that  it  might  be  internationalized  and 
made  the  outstanding  English  language  journal  in  this  field. 

The  question  will  undoubtedly  come  again  before  the 
Council  at  Pittsburgh,  and  it  is  hoped  that  members  will 
come  well  versed  in  the  situation  and  prepared  to  vote  in 
accordance  with  the  wishes  of  those  whom  they  represent. 

Some  believe  that  physical  chemistry  does  not  require 
the  stimulation  of  emphasis  which  usually  follows  the  es- 
tablishment of  a  special  journal.  Others  argue  that  any  sup- 
port which  might  be  obtained  for  the  Journal  of  Physical 
Chemistry  on  the  new  plan  could  better  be  given  the  Journal 
of  the  American  Chemical  Society  in  order  to  strengthen  its 
position  as  the  general  research  journal  of  the  Society,  rather 
than  restrict  its  field.  Still  others  feel  that  if  another 
journal  is  to  be  taken  under  the  auspices  of  the  Society 
for  the  purpose  of  relie\ing  the  pressure  upon  our  present 
journals,  it  should  be  a  special  one  deaUng  with  organic, 
analytical,  inorganic  or  biological  chemistry.  There  is  a 
further  argument  that  if  the  journal  of  the  SocrETY  could  be 
enlarged  the  special  papers  which  would  otherwise  go  to  the 
Journal  of  Physical  Chemistry  would  be  very  sure  to  receive 
a  much  larger  circulation,  would  therefore  come  to  the  atten- 
tion of  a  greater  variety  of  chemists,  and  presumably  stimu- 
late an  interest  in  physical  chemistry  among  a  great  many  who 
could  not  see  the  new  publication. 

W^e  have  as  our  first  desire  the  progress  of  chemistry  in 
America  and  we  may  be  called  upon  to  take  important  action 
at  Pittsburgh  with  respect  to  the  pubhcation  of  general  re- 
search in  future.  The  Councilors  owe  it  to  themselves  and 
to  their  Sections  to  become  thoroughly  informed! 


Plan  to  Go  to  Pittsburgh. 

'T'HE  PITTSBURGH  Meeting  (September  4  to  9,  1922) 
■^  promises  to  be  one  of  the  most  important  in  our  liistory. 
The  present  situation  in  America  demands  careful  consid- 
eration. We  can  reach  well-considered  conclusions  only  if 
we  have  a  large  number  of  chemists  in  attendance,  and  if 
Councilors  take  the  trouble  to  learn  the  pleasure  of  their 
Sections  before  they  come  to  vote  on  actions  and  pohcies  of 
the  Society. 

The  Pittsburgh  Section  has  put  a  great  deal  of  thought 
and  effort  into  the  arrangements,  the  scientific  programs  will 
be  of  unusual  interest,  and  as  usual  there  will  be  a  valuable 
opportunity  to  meet  and  discuss  with  your  fellows  the 
problems  of  greatest  interest  to  you.  There  should  be  no 
less  than  two  thousand  in  attendance.  Plan  to  be  one  of 
the  number! 


T  N  THE  biography  of  Andrew  Carnegie  we  find  that  it  was 
his  appreciation  of  chemistry  wliich  enabled  him  to  ob- 
tain an  early  lead  over  his  competitors  and  which  practically 
formed  the  basis  of  his  great  success.  In  this  instance  it 
was  research  upon  raw  materials  which  counted.  The  chem- 
ist found  that  a  better  product  could  be  obtained  from  cheaper 
raw  materials  than  the  mill  was  in  the  habit  of  employing. 
Every  manufacturer  knows  what  it  means  to  produce  better 
goods  from  cheaper  materials,  and  where  great  tonnage  is 
involved  the  return  upon  the  investment  in  scientific  work 
runs  into  unusually  satisfactorj'  figures. 
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The  U.  S.  Government  Explosives  Plant  C, 
Nitro,  West  Virg-inia' 

III — The  Manufacture  of  Nitric  Acid 

By  March  F.  Chase^ 
L.  L.  Simmers  &  Co.,  HO  Nassau  St.,  Nkw  York,  N.  Y. 


THERE  are  two  general  processes  for  the  manufacture 
of  nitric  acid;  tlie  usual  method  consisting  of  the 
decomposition  of  sodium  nitrate  by  sulfuric  acid,  and 
the  newer  method  by  the  fixation  of  atmosplieric  nitrogen. 
The  latter  method  is  not  in  general  use  and  is  applicable  only 
under  special  conditions.  The  plants  are  costly  and  take 
considerable  time  to  build.  At  the  time  of  buQding  the 
Nitro  Plant  the  Government  was  already  contemplating  the 
erection  of  two  or  three  large  nitrogen  fixation  plants.  Two 
of  these  plants  were  finally  built,  one  at  Sheffield,  Alabama, 
and  the  other  at  Muscle  Shoals.  Two  others  were  started 
but  the  work  on  them  had  not  progressed  very  far  at  the 
time  of  the  Armistice  and  the  projects  were  immediately 
abandoned.  The  sodium  nitrate  method  was  selected  for 
Nitro. 

Sodium  Nitrate  Method 

This  method  of  nitric  acid  manufacture  consists  in  brief  of 
the  following  steps : 

1 — The  decomposition  of  sodium  nitrate  by  the  action  of 
sulfuric  acid,  the  action  being  promoted  by  external  heat. 

2 — The  cooling  and  condensing  of  the  nitric  acid  gases  gener- 
ated in  the  first  step. 

3 — -The  absorption  of  the  noncondensable  gases  in  water  or 
sulfuric  acid. 

Nitric  acid  jields  from  good  plant  operation  may  be  safely 
calculated  at  92  per  cent  of  the  theoretical;  that  is,  approx- 
imately 65.5  lbs.  of  100  per  cent  HNO3  per  100  lbs.  of  96 
per  cent  nitrate  of  soda. 

The  nitrate  of  soda  should  be  of  the  standard  commercial 
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5  Consulting  Engineer;  formerly  Assistant  Director  of  U.  S.  Govern- 
ment Explosives  Plants;  formerly  member  of  War  Industries  Board. 


quality,  containing  96  per  cent  or  more  NaNOj.  If  strong 
nitric  acid  is  wanted,  apparatus  should  be  provided  for  dry- 
ing the  nitrate,  as  otherwise  a  stronger  decomposing  acid  is 
needed. 

The  sulfuric  acid  used  in  decomposing  the  nitrate  is  usually 
of  66°  B€.  grade.  If  the  nitrate  is  not  dried  95  per  cent 
acid  may  be  used.  Usually  the  ratio  of  nitrate  to  66°  B6. 
acid  will  be  from  1  :  1.05  to  1  :  1.1. 

The  best  fuel  uill  depend  upon  the  relative  availability  of 
gas,  oil  or  coal.  All  are  equally  efficient  as  regards  actual 
manufacture,  but  the  first  two,  of  course,  are  of  advantage 
so  far  as  labor  is  concerned. 

In  a  properly  equipped  modern  plant,  the  labor  item  need 
not  be  a  large  factor  of  cost,  for  a  few  men  can  easily  handle 
a  number  of  retorts. 

The  only  by-product  from  nitric  acid  manufacture  is  niter 
cake.  Under  certain  conditions  this  product  has  a  value. 
This  value  lies  in  the  fact  that,  in  order  to  have  the  residue 
in  stills  in  liquid  form  so  that  it  may  be  easily  run  out,  an 
excess  of  sulfuric  acid  over  the  theoretical  quantity  is  used. 
The  cake  therefore  contains  enough  acid  sodium  sulfate  to 
give  a  total  cake  acidity  corresponding  to  about  30  per  cent 
of  free  sulfuric  acid. 

This  cake  may  be  used  in  certain  instances,  such  as  steel 
pickling,  in  place  of  sulfuric  acid. 

The  most  common  use,  however,  and  the  one  usually  to  be 
recommended  under  the  proper  conditions,  is  in  the  manu- 
facture of  muriatic  acid  and  salt  cake.  Of  course,  for  the 
economic  success  of  this  use  it  is  necessary  that  there  be  a 
market  for  muriatic  acid  and  salt  cake  (or  Glauber  salt). 
In  such  case,  however,  a  good  profit  can  be  shown. 

In  case  there  is  no  use  contemplated  for  the  niter  cake, 
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care  should  be  excrcuwl  in  locating  the  plant  that  proper 
seweragp  facilities  exist  for  the  discharge  of  the  cake. 


1  OF  Rktort  House 


Decomposition  of  Sodium  Nitr.\te 

The  decomposition  is  carried  out  in  a  cast-iron  retort  or 
still.  Long  experience  has  shown  the  most  efficient  form  of 
a  still  to  consist  of  a  vertical  pot  with  a  hemispherical  bottom, 
providc<i  with  a  bottom  outlet  for  the  "tapping  out"  of  the 
still  residue  (niter  cuke).  These  stills  are  made  in  two  sec- 
tions, the  lower  con.stitutuig  the  body  of  the  retort  and  the 
up|x>r  the  top  or  lid.  This  upper  portion  is  made  slightly 
conical  in  shape  and  contains  the  proper  ojjenings  for  the  in- 
troduction of  nitrate  and  sulfuric  acid,  and  for  the  outlet  of 
the  gases  generated. 

The  retort  Ls  set  in  fire  brick  with  a  fire  box  for  lieating 
with  gas,  oil  or  coal. 

COOUNO  .\ND  CoXDENSl.va  OF  NiTRIC  AciD 

This  is  accomplished  in  water-cooled,  acid-resisting  pipes. 
There  are  several  forms  of  such  condensers  on  the  market, 
but  engineering  opinion  favors  the  type  known  as  the  stand- 
ard acid-resisting  or  government  tj'pe  condenser.  This 
conaLiLs,  in  brief,  of  a  number  of  return  bends,  made  of  a 
highly  resistant  alloy,  and  cooled  externally  by  water  sprays. 
This  particular  type  is  less  subject  to  trouble  than  the  sub- 
merged type  of  condenser,  and  is  also  generally  believed  to  be 
more  efficient  because  use  is  made  of  the  evaporation  of 
watiT  ill  iiH'liiii;. 


Attached  to  and  made  a  part  of  the  condenser  is  usually  a 
so-called  bleach  pot.     This  is  a  small  acid-resisting  iron  pot, 


Fir..  :!     Condenser  Pipes  and  .'\cid  Charging  Tanks 

packed  with  chemical  rings.  It  is  so  set  that  the  hot  nitric 
acid  ga.ses  from  the  retort  pass  into  and  through  it,  entering 
at  the  bottom  and  leaving  at  the  top,  before  they  enter  the 
condenser  proper.  Also  all  acid  formed  in  the  condenser 
flows  into  the  pot,  entering  at  the  top  and  leaving  at  the 
bottom.  The  effect  of  this  countercurrcnt  flow  of  gas  and 
acid  is  (1)  to  cool  slightly  the  gas  entering  the  condenser,  and 
(2)  to  remove  the  greater  part  of  the  lower  oxides  of  nitrogen 
contained  in  the  condenser  acid,  giving  a  practically  pure, 
nearly  water-white,  product. 

From  the  lilcach  pot  the  acid  passes  into  the  cooling  pipes 
and  thence  to  the  product  lines.  In  the  best  plants  these 
product  lines  are  two  in  number,  one  for  the  strong  nitric 
acid  which  is  formed  during  the  greater  part  of  the  run,  and 
one  for  the  weaker  acid  formed  near  the  end  of  a  charge. 

Absorption  of  Uncondens.^ble  Gases 

The  uncondensable  gases,  which  consist  principally  of 
nitrogen  peroxide,  are  absorbed  in  modern  plants  in  chem- 
ical stoneware  towers,  called  hyponifric  towers.  Expe- 
rience has  shown  that  there  slioiild  be  a  ratio  of  standard 


Flo     A       ULKArllKli    I'oTH.  loor.IiK    DoXK-     AND  AciD  I.INRS 


Fig.  5 — Tops  of  Retorts 
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12,  in  order  to  got  the  iniixi- 


tciwors  to  standard  retorts  of ',) 
mum  recovery  of  nitric  acid. 

Towers  are  usually  constructed  of  chemical  stoneware  and 
the  standard  size  is  about  15  ft.  in  hpia;ht  by  2  ft.  6  in.  in 
diameter.  Absorption 
may  be  in  water  or,  if 
a  weak  mixed  acid  can 
be  utilized,  in  sulfuric 
acid.  In  either  event,, 
the  absorbing  medium 
is  started  over  the  final 
tower  and  is  then  han- 
dled by  pulsometers 
over  each  of  the  towers 
in  turn,  countcr- 
current  to  the  flow  of 
the  gas. 

The  Nitro  Piaxt 


The  nitric  acid  plant 
at  Nitro  was  designed 
and  operated  with  the 
view    of  utilizing    the 
entire   production      in 
the  form  of  mixed  acid. 
On    account     of     the 
large  quantity  of  spent 
acid  that  would  be  re- 
covered from  the  sul> 
sequent  process  of  ni- 
tration, it  was  highly 
desirable  that  the  prod- 
uct   from     the    nitric 
acid  plant  contain    as 
little  water  as  possible. 
The  stronger  the  nitric 
acid  produced  the  less 
concentration  was  nec- 
essary   for   the    spent 
acid.         Considerable 
data    had     pre\-iously 
Iteen   collected    in    re- 
gard to    the    strength 
of  nitric  acid  that  could 
be  produced  in  plants 
of    design    similar    to 
that  which  it  was  contemplated  to  use  at  Nitro.     The  re- 
sults of  these  determinations  are  given  in  the  form  of  a  curve, 
Fi-'    7.     The  nitric  acid  plant  was  di\-ided  into  four  umts 
of  Identical  construction.     Certain  of  the  buUdings,  such  as 
the  niter  storehouse  and  "drj-er  buildings,  served  two  uiuts 
Each  unit  contained  twenty-four  retorts,  makmg  a  total  of 
ninety-six.     Of  these  units  No.  1  was  started  April  15,  1918, 
and  finished  September  18,  1918;    No.  3  was  started  March 
15  1918,  and  finished  November  8,  1918;   No.  2  was  started 
June  1,  and  No.  4  on  July  3.    Work  was  stopped  on  these 
two  units  on  November  15,  No.  3  being  97.5  per  cent  com- 
plete and  No.  4,  71  per  cent  complete. 

The  process  employed  was  the  nitrate  process  outlined 
above.  \MiUe  the  apparatus  was  new  only  in  a  few  particular 
features,  it  was  designed,  perhaps  to  a  greater  degree  than  m 
any  other  nitric  plant  then  in  existence,  to  make  use  of  the 
information  which  had  been  obtained  in  the  last  few  years  on 
the  intensive  manufacture  of  nitric  acid.  This  care  m  de- 
sign was  taken  with  a  particular  ^•iew  to  labor  saving  m  opera- 
tion and  to  ease  of  mamtenance. 

Beginning  with  the  arrival  of  bagged  nitrate,  the  procedure 
was  as  follows: 


Fig.  6— End 


Bags  of  nitrate  were  unloaded  to  a  platform  at  the  heigiit 
of  a  car  floor,  dumped,  and  elevated  by  bucket  elevator  which 
delivered  to  storage.  The  empty  bags  were  trucked  to  the 
l)ag  laundry  where  they  were  stored  until  ready  for  treatment. 

The  bags  were  of  Um\y 
cloth  and  too  valuabli; 
to  be  destroyed.  More- 
over, approximately  2 
lbs.   of    niter    adhered 
to  the   inside  of  each 
bag,  making  a  salvag- 
ing  process  distinctly 
worth  while.    The  bags 
were  first  put  in  a  bag 
shaking    drum    which 
loosened  all  large  lumps 
of    niter.      The    niter 
tiius  removed  was  put 
through  a   rotary 
screen  which  separated 
the  bag  ravelings  from 
the  niter.    The  lumps 
were  then  trucked  back 
to   ^the    niter   storage 
house.    The  bags  were 
given  one  or  two  wash- 
ings with  steam  heated 
water,     in    dipping 
tanks,    all    remaining 
niter  being  washed  out 
and  J  dissolved.       The 
bags  were  then  dried, 
first  in    a    centrifugal 
extractor  and  then  in 
steam  dry  room.    The 
water  from  the  wash- 
pans    was   evaporated 
and  the  nitrate  of  soda 
finally  crystallized  out. 
The  storage  house  con- 
sisted of  concrete  bins 
housed  over  by  a  steel 
frame    building,    each 
house,  of  which  there 
were  two,  serving  two 
banks  of   retorts   and 


Bleach  Pots  and  Condenser  Coolers 


having  a  capacity  of  585,600  cu.  ft. 

Handling  of  nitrate  from  storage  was  accompUshed  by  a 
Telpher  system.  The  Telpher  delivered  to  the  dryers  which 
were  arranged  in  batteries  of  thi'ee,  one  battery  to  each  unit 
or  bank  of  retorts.  These  dryers  were  slowly  rotating,  steel 
cylinders,  4  ft.  in  internal  diameter  and  30  ft.  long,  heated  by 
gas  flame  through  a  brick  furnace  or  combustion  chamber 
placed  at  the  discharge  end  of  the  drj'er.  This  chamber  was  6 
ft.  3  in.  in  width,  10  ft.  long,  and  8  ft.  4  in.  high. 

From  the  dryer  the  nitrate  dropped  through  a  chute  to  a 
conveyor  ser\-ing  tliree  dryers,  which,  in  turn,  fed  an  elevator 
delivering  to  the  dry  nitrate  overhead  bin. 

Under  each  dry  nitrate  bin  were  two  scale  hoppers,  fed  by 
gravity,  in  which  the  retort  charge  was  weighed.  The  scale 
hopper  dehvered  by  gra^^ty  to  the  retort  charging  crane, 
which  traveled  on  a  runway  directly  over  the  retorts  and  was 
operated  by  cables. 

As  mentioned  above,  there  was  a  total  of  ninety-six  retorts 
arranged  in  banks  or  units  of  twenty-four  each.  These  re- 
torts were  cylmdrical  \«th  hemispherical  bottoms,  and  were 
8  ft.  in  inside  chameter  and  9  ft.  8.5  in.  deep.  They  were 
fitted  with  a  cover  ha\-ing  the  necessary  openings  for  the 
introduction  of  nitrate  and  acid  and  for  the  escape  of  the  fume. 
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In  rlinrging,  the  nitrate  was  dumped  m  6rat,  the  standard 
charKP  k>cing  7500  lbs.,  and  an  approximately  equal  amount 
of  KA°  \\(^.  !<ulfuric  arid  was  run  in.  Tho  cooking-ofT  period 
oceupied  from  H  to  11  lirs.,  so  that  two  charges  per  24  hrs. 
were  ims-siWe,     The  maximum  heat  desired  was  250°  C. 


After  cooking-ofT,  the  residual  niter  cake  was  tapped  out  of 
an  openint;  in  the  bottom  of  the  retort  and  flowed  into  a 
flume,  runniiiR  the  entire  length  of  the  retort  house,  through 
which  water  was  running  continuously.  As  no  use  was  to  be 
made  of  this  cake  the  flume  delivered  to  the  sewer. 
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The  gas  leaving  the  retorts  passed  tlirough  an  S-in.  acid- 
proof  iron  pii)e,  insulated  against  heat  loss  by  a  covering  of 
asbestos,  into  the  bleach  pot.  The  latter  was  a  sniidl  acid- 
proof  iron  pot  packed  with  spiral  acid-proof  pottery  rings. 
In  this  bleach  pot  a  small  amount  of  nitric  acid  was  condensed 
and  run  off  at  the  bottom  through  a  3-in.  line.  The  remainder 
of  the  fume  passed  upward  through  the  ring  packing  and  into 
the  condensers  proper.  ImicIi  condenser  consisted  of  nine 
6-in.  acid-proof  iron  pipes  comprising  nine  lengths  of  pipe 
5  ft.  long,  connected  at  the  ends  by  return  bend  fittings  so 
as  to  form  a  continuous  vertical  coil  6  ft.  wide  and  8  ft.  high. 
These  were  sprayed  by  cooling  water  on  the  outside  for  con- 
densation of  the  fume  to  nitric  acid.  The  pipes  comprising 
the  condenser  weje  inclined  in  such  a  way  that  all  acid  con- 
densed ran  off  through  the  bleach  pot,  where  the  action  of 
the  hot  gases  drove  off  the  lower  oxides  of  nitrogen  brought 
down  in  the  condensation,  resulting  in  the  bleaching  or  lighten- 
ing in  color  of  the  product.  The  remainder  of  the  gas,  con- 
sisting of  residual  air  in  the  retort  and  all  lower  oxides  of  nitro- 
gen, passed  from  the  condenser  through  tile  lines  into  hyponi- 
tric  towers.  The  latter,  of  wliich  there  were  eighteen  to  each 
unit  arranged  in  two  parallel  lines  of  nine  towers  each,  con- 
sisted of  30-in.  chemical  stoneware  sections  resting  in  acid- 
proof  iron  dishes  (Fig.  1). 

There  were  six  tower  sections  to  each  tower  and  all  were 
packed  "with  spiral  chemical  rings.  The  flow  of  gas  was  in 
series  through  these  towers.  Water  was  started  from  the  top 
of  Tower  18  and  was  pumped  over  each  tower  in  turn  in  series, 
countercurrent  to  the  flow  gas.  In  this  countercurrent  cir- 
culation the  water  gradually  adsorbed  the  acid  in  the  gases, 
coming  off  at  Tower  1  as  weak  nitric  acid.     The  gases  leaving 


Tower  18  escaped  to  the  atmosphere  practically  free  of  nitric 
acid. 

The  acid  from  the  condensers  and  bleach  pots  flowed 
through  acid  coolers,  which  consisted  of  loops  of  2-in.  acid- 
proof  iron  pijie  iinmer.sed  in  a  trough  of  water,  and  from  the 
coolers  passed  directly  into  the  mixing  tanks. 

Each  unit  was  provided  with  three  mixing  tanks,  of  steel 
plate  construction,  8  ft.  in  inside  diameter,  30  ft.  long,  and 
with  a  2-in.  lining  of  acid-proof  radial  brick.  The.se  tanks 
were  so  connected  that  each  could  draw  oleum  from  the  oleum 
tank,  weak  nitric  acid  from  the  weak  acid  tanks,  or  strong  acid 
direct  from  the  strong  acid  lines. 

In  mixing,  the  i^roper  amount  of  oleum  from  the  oleum 
storage  tank  was  led  into  the  mixing  tank  and  followed  by 
weak  or  strong  nitric  acid  in  the  proportions  necessary  to  give 
the  mix  desired.  The  mixing  tanks  were  provided  with  motor- 
driven  agitators  in  order  to  provide  a  uniformly  mixed  product, 
and  there  was  also  provided  a  circulating  pump  wliich  drew 
the  acid  from  the  tank  through  a  cooler  and  returned  it  to 
the  same  tank.  This  acid  cooler  consisted  of  a  coil  of  five 
lengths  of  6-in.  acid-resisting  iron  pipe  sprayed  with  water. 

During  the  period  of  operation  there  was  an  average  of 
7200  lbs.  of  nitrate  per  retort  charge.  It  was  found  that,  after 
the  difficulties  always  incident  to  the  starting  of  a  new  plant 
were  overcome,  it  was  possible  to  get  about  two  and  one-half 
charges  per  retort  per  24-hr.  day,  and,  had  the  plant  continued 
to  run  on  this  schedule,  could  doubtless  have  been  kept  up 
with  such  retorts  as  were  in  operation. 

Including  the  starting-up  period,  the  yield  of  nitric  acid  per 
100  lbs.  of  sodium  nitrate  was  approximately  65  lbs.  The 
sulfuric  acid  ratio  to  sodium  nitrate  was  slightly  less  than  1:1. 


Short  Method  for  the  Ultimate 
Analysis  of  Coal; 

By  S.  W.  Parr 

University  of  Illinois.  Urbana,  Illinois 

FOR  purposes  of  the  engineer   in  boiler  testing,  the 
following  method  for  determining  the  carbon,  hydrogen, 
and  oxj^gen  in  coals  has  been  in  practical  use  for  a  num- 
ber of  years  with  very  satisfactory  results. 


An  ordinary  combustion  of  the  coal  is  made  with  sodium 
peroxide  by  use  of  the  calorimetric  bomb  or  sunilar  devices, 
especially  adapted  to  total  carbon  or  sulfur  determination, 
as  shown  in  Figs.  1  or  2.    The  carbonate  formed  is  discharged 

I  Presented  before  the  Division  of  Industrial  and  Engineering  Chemistry 
at  the  63rd  Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala., 
April  3  to  7,  1922. 


in   any   apparatus   suitable   for   accurately   measuring   the 
carbon  dioxide  as  shown  in  Fig.  3. 

Having  now  the  values  in  hand  for  sulfur  and  B.  t.  u.,  the 
calculations  are  of  a  simple  order. 

Ultimatb  Analysis  ov  Coal 
MoisTHRS  Free 

1.  Weight  of  sulfur  X  2777  =  Calories 
from  sulfur  as  FeSi. 

2.  Weight  of  carbon  X  8080  =  Calo- 
ries from  carbon. 

3.  Total  determined  calories  —(1  +2) 
=    Calories  from  available  hydrogen. 

Calories  from  available  hydrogen  _ 
34,450 
Weight  of  available  hydrogen. 

5.  Nitrogen  present  may  be  assumed 
as  a  constant  of  1.25  per  cent. 

6.  Then,  by  difference,  100  -  (S  + 
C  -H  H  +  N  +  ash  aa  weighed)  =  (O  + 
H).« 

7.  8/9  (O  +  H)  =  Total  oiygen. 

8.  1/9  (O  +  H)  =  Combined  hydro- 
gen. 

9.  Then,  combined  hydrogen  +  avail- 
able hydrogen  (8-1-4)  =  Total  hydrogen. 

By  deriving  the  factors  as  thus 
indicated,  we  have  all  of  the  con- 
stituents as  obtained  by  ultimate 
analysis  and  with  a  degree  of 
accuracy  entirely  commensurate  with  that  secured  by  the 
longer  process. 

'  The  expression  (O  -f-  H)  refers  to  the  total  oxygen  plus  that  amount 
of  hydrogen  necessary  to  combine  with  it  to  form  water.  This  hydrogen 
is  referred  to  as  "combined  hydrogen"  to  differentiate  it  from  the  "available 
hydrogen." 
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The  Mechanism  of  Lubrication— I' 

[ABSTRACT] 

By  Robert  E.  Wilson'  and  Daniel  P.  Barnard,  4th 

Rksbakcii  Labokatory  of  .\pplihd  Ciibmistry,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


AI.TH<)lT;n  a  liiriic  niiiiil)er  of  investigators  havrpub- 
lislifMl  data  licariiic  on  the  .subject  of  lubrication,  the 
wide  variations  in  their  operating  conditions  have 
thus  far  preventofl  any  satisfactory  correlation  of  their  re- 
mits, or  the  e.stttblLshnient  of  definite  conclusions  as  to  the 
efToct  of  such  inii)ortant  factors  as  the  smoothness  and  clear- 
ance of  the  iK-aring,  the  "diliness"  of  the  lubricant,  etc. 

The  ba.«ic  difTiculty  lies  in  the  fact  that  /,  the  coefficient  of 
friction,  is,  in  the  case  of  a  journal  bearing,  some  unknown 
function  of  at  least  nine  variables—?,  n,  p,  c,  d,  I,  S,  M,  and 
0,  where 

z  "  Viscosity  of  the  lubricant  nt  th,-  nhertilitip  temperature. 
n  =  Revolutions  per  minute. 
p  —  Pressure  on  liearinR. 
c  =  Diametrical  clearance  of  bearing. 
d  -  Diameter  of  journal. 
/  "  Length  of  bearing. 

S  -  Surface  condition,-!  (kind  of  metal,  smoothness,  etc.). 
M  -  Method  (and  amount)  of  oiling. 
O  -  "Oiliness"  factor  of  the  lubricant. 

However,  making  use  of  dimensional  rea.soning  as  first 
suggestwl  by  Hersey,*  it  can  be  shown  that/,  a  factor  without 
diniension.s,  cannot  be  an  independent  function  of  all  these 
variables,  but  only  of  their  combination  in  such  forms  that  all 
dimen.sioiis  are  canceled  out.    We  may  therefore  wTite: 


I  if  which  only  the  first  two  are  important  or  primary  variables, 
and  indeed  the  first  one  includes  the  only  three  important 
variables  involved  in  making  tests  on  a  given  bearing  under 
van.'ing  conditions. 

If,  then,  all  the  obserN'cd  values  of  /  obtained  on  a  given 
U-aring  by  varying  the  load,  speed,  and  viscosity  of  lubricant, 
arc  plottcti  against  the  modulus  zn/p,  they  should  approxi- 
mate a  line  which  represents  the  unknown  functional  relation- 
ship. For  the  ideal  case  of  a  centrally  operating  bearing  with 
perfectly  smooth  .surfaces,  no  end  leakage,  etc.,  this  function 
Would  be  represented  by  a  straight  line  passing  through  the 
origin,  with  a  slope  inversely  proiwrtional  to  the  ratio  c/d. 
For  actual  l)enrings  this  simple  relationship  would  certainly 
not  hold,  but  the  shape  and  location  of  the  curve  which  best 
represents  the  observed  results  should  give  valuable  infor- 
mation as  to  the  efTect  and  importance  of  the  other,  or  second- 
ary vf."  '  '      ■■   ''firing  design. 

All  1  results  which  contained  adequate  data 

hnvi'  I  ,  'ii  a  large  scale  by  the  above-recommended 

niethiKl,  uiiil  iiii«,--l  of  the  plots  are  reproduced  in  the  original 
article.  Within  the  limits  of  (his  abstract  it  i.s  po.s.sible  to 
show  only  .>  •  '  '  '       d  on  the  results  of  Slribeck 

u.sing  two  k  il. 

Kach  of  I  'msidered  asmade  upof  two 

regions  diviU.tl  by  a  point,  as  follows: 

'  Ah'lmrt  of  pnprr  r.ppcarinj  In  J.  Soc.  AKiomolitt  Emg.,  July  IMJ. 

TtiU  1";  ntrihulion  No.  47  from  the  Research  I^bo- 

^B^or^  !    I.  T. 

'  '  'lory  of  Applied  Chemiiliy,  M.  I.  T. 

>  J.    ..  „.-      ,    .„■      .1.4.   .So    10  lltfU). 


1 — The  right-hand  portion,  which  is  the  region  of  perfect 
fluid  film  lubrication,  in  which  the  friction  coefficient  is  roughly 
proportional  to  zn/p. 

2 — The  critical  point  of  minimum  friction  where  the  speed  or 
viscosity  becomes  so  low,  or  the  pressure  so  high,  that  the  fluid 
film  begins  to  rupture. 

3 — The  sharply  rising  portion  of  the  curve  to  the  left  of  the 
critical  point,  which  is  the  region  of  partial  lubrication,  in  which 
there  is  increasing  friction,  metal  to  metal  contact,  and  abrasion, 
as  zn/p  decreases  below  its  critical  value. 

Many  of  the  contradictory  statements  in  the  literature 
are  due  to  failure  to  realize  in  which  of  these  regions  a  given 
set  of  experiments  were  being  conducted. 


A  —  (^urve  lor  Brooze  Metal  Hearing. 
70  mm.  X  230  mm.  (2.76  in.  X  0.06  in.). 
B  =  Curve  for  White  Metal   Bearing, 
70  mm.  X  137  mm.  (2.76  in.  X  5.4  in.). 

/=  Coefficient  of  friction, 
ity  of  lubricant  at  operati 
ture  in  centipoiscs  (  =  relat 
^   ateS'F.).    «  =  R.p.ra. 
bearing    pressure    in  lbs. 
projected  area. 

z  =  Viscos- 
ng  lempera- 
ive  to  water 

per  sq.  in. 
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Results  Obtained  by  Puottino  Observed  Values  of  /  against  zn/p 
FOR  Two  Different  Bearings 

The  design  of  bearings  and  selection  of  lubricants  may  now 
become  a  definitely  calculable  matter.  Bearings  should  not 
be  designed  to  operate  jirecisely  at  the  point  of  minimum 
friction,  because  any  momentary  decrease  in  zn/p  would 
carry  them  into  the  unstable  region  of  partial  lubrication, 
where  serious  abrasion  and  overheating  arc  certain  to  result 
unless  the  journal  Ls  stopped.  The  sn/e  average  operating 
value  of  zn/p  should  therefore  be  obtained  by  multiplying 
the  value  of  zn/p  at  the  critical  point  by  a  suitable  factor  of 
safety — say  around  5 — depending  upon  the  degree  of  varia- 
bility of  the  service  conditions.  The  problem  is  then  merely 
to  adjust  the  size  of  the  bearing  and  the  viscosity  of  the 
lubricant  to  give  the  desired  value  of  zn/p. 

The  importance  of  the  precise  location  of  the  critical  point 
should  be  emjihasized.  For  example,  in  the  figure  the  casual 
observer  would  consider  that  Bearing  A  was  the  better  be- 
cause it  gave  the  lower  coefficients  of  friction  over  most  of 
the  normal  operating  range;  but  actually  its  critical  point  is 
so  much  higher  than  that  of  B  that  its  value  of  /  un(ier  safe 
operating  conditions  (factor  of  safety  =  5)  is  liuice  that  of  B. 
In  spite,  however,  of  the  great  importance  of  the  critical 
point,  very  little  experimental  work  has  ever  been  done  to 
determine  the  efTect  of  various  factors  on  its  location. 

The  more  important  tentative  conclusions  drawn  from  a 
careful  study  of  the  available  data  may  be  summarized  as 
follows: 
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(A)  In  the  Region  of  Flvid  1'ilm  Lubrication: 

1—/  is  a  function  of  znfp,  as  demanded  by  dimensional  reason- 
ing. 

2 — The  "oilincss"  of  the  lubricant  has  no  effect. 

3 — The  nature  of  the  bearing  metal  has  no  effect. 

4 — The  method  of  oiling  has  no  effect,  providing  enough  is 
supplied  to  keep  the  bearing  full. 

5 — Oil  grooves  in  the  pressure  side  of  the  bearing  tend  to  give 
abnormally  high  values  of  /  in  the  operating  range  of  zn/p. 

6 — The  curves  are  higher  for  low  clearance  ratios,  but  the  effect 
of  clearance  is  not  as  great,  especially  at  larger  clearances,  as 
would  be  calculated. 

(B)  The  Location  of  the  Critical  Point  Is: 

1— The  most  important  single  factor  in  determining  the  effi- 
ciency of  a  bearing. 

2 — Lowered  by  small  clearance  ratios. 
3 — Lowered  by  greater  smoothness  of  the  surface. 
4 — Lowered  by  the  oilincss  of  the  lubricant. 
5 — Affected  by  the  nature  of  the  bearing  metal. 


(C)     In  the  Region  of  Partial  Lubrication: 

1 — The  oiliness  of  the  lubricant  is  much  more  important  than 
its  viscosity. 

2 — The  nature  of  the  metal  plays  an  important  part. 

3 — ■/  is  not  necessarily  a  function  of  zn/p  because  high  loads 
may  change  the  character  of  the  hearing  surface  by  squeezing  out 
an  adsorbed  film. 

In  view  of  A-2,  it  is  ob\-i(jus  that  the  average  "oil-testing" 
machine,  operating  as  it  does  in  the  region  of  fluid  film  lubri- 
cation, is  nothing  but  a  very  crude  type  of  viscosimeter,  and 
gives  no  information  as  to  the  oilincss  of  a  lubricant.  To 
obtain  data  of  real  value  regarding  oiliness,  experimentation 
must  be  focused  on  the  n^gion  of  partial  lubrication  and 
especially  on  the  critical  point  of  film  rupture,  in  spite  of  the 
recognized  difficulties  involved.  These  matters  are  dis- 
cussed more  in  detail  in  the  following  paper. 

The  reconuncnded  method  of  treatment  is  shown  to  be  of 
much  practical  value  in  diagnosing  and  solving  practical 
lubrication  i^roblems. 


The  Mechanism  of  Lubrication — 11  "' 

Methods  of  Measuring  the  Property  of  Oihness 

By  Robert  E.  Wilson'  and  Daniel  P.  Barnard,  4th 

I   L.^BORATORY   OP   APPLIED  CHEMISTRY,   M.\SSACHUSETTS    INSTITUTE   OP  TECHNOLOGY,    CaMBRIDCI 


"Oiliness"  is  defined  as  that  property  of  lubricants  by  virtue  of 
which  one  fluid  gives  lower  coefficients  of  friction  {generally  at  slow 
speeds  or  high  loads)  than  another  fluid  of  the  same  viscosity.  Its 
importance  under  practical  operating  conditions  is  shown  to  be 
greater  than  is  generally  recognized.  Unfortunately,  however,  no 
satisfactory  method  has  ever  been  developed  for  the  quantitative  meas- 
suremenl  of  this  property  in  comparing  different  lubricants. 

This  paper  describes  the  variety  of  possible  methods  of  measuring 
the  property  of  oiliness  and  of  throwing  light  on  the  mechanism  of 
partial  lubrication,  including  (/)  the  use  of  a  Deeley  type  machine 
to  measure  coefficients  of  friction  between  plane  surfaces  at  slow 
speeds;  (2)  a  refined  and  reproducible  method  of  determining  static 
coefficients  of  friction  between  partially  lubricated  metal  surfaces; 
(3)  the  measurement  of  the  interfacial  energy  between  oil  and  mer- 
cury; (4)  measurements  of  the  electrical  resistance  and  the  rate  of 
formation  of  adsorbed  films  on  metal  surfaces;  and  (5)  the  clogging 
of  fine  metal  capillaries  through  which  lubricants  are  forced.  Some 
other  interesting  preliminary  experiments  are  also  described. 

In  the  light  of  the  results  obtained  by  the  aboce-menlioned  methods, 
it  is  believed  that  the  static  friction  test  with  proper  refinements  is 
the  best  single  measure  of  the  properties  of  oiliness,  but  that  it  should 
he  supplemented  by  measurements  of  the  thicl^ness  of  the  adsorbed 
films  at  high  pressures,  in  order  to  throw  more  light  on  the  mechanism 
of  the  action  of  different  constituents  in  lubricating  oils. 

Animal  and  vegetable  oils  are  almost  invariably  superior  in  oili- 
ness to  straight  mineral  oils.      The  blending  of  considerable  pro- 

1  This  covers  the  second  part  of  a  paper  presented  by  the  writers  at 
the  January  meeting  of  the  Society  of  Automotive  Engineers  and  at  a  meet- 
ing of  the  Delaware  Section  of  the  American  Chemical  Society  in  February 
1922.  The  first  portion  is  abstracted  on  page  682  and  should  be  read 
before  this. 

*  Published  by  permission  of  the  Journal  of  the  Society  of  Automotive 
Engineers. 

'  Published  as  Contribution  No.  48  from  the  Research  Laboratorj'  of 
AppUed  Chemistry,  Massachusetts  Institute  of  Technology. 

'  Director.  Research  Laboratory  of  Applied  Chemistry,  M.  I.  T. 


portions  of  these  neutral  glycerides  with  mineral  oils  greatly  improves 
their  oiliness.  but  the  same  results  may  be  accomplished  by  adding 
much  smaller  proportions  of  other  materials,  such  as  fatty  acids  or 
oil-soluble  soaps. 

These  experiments  entirely  confirm  the  customary  hypothesis  that 
oiliness  is  due  to  selective  adsorption  of  constituents  in  the  oil  by  the 
metal  surface,  but  the  common  conception  of  a  monomolecular  ad- 
sorbed film  which  acts  merely  by  masking  the  attractive  forces  of 
the  metal  surfaces  for  one  another  appears  to  be  incorrect.  The 
adsorbed  film  is  shown  to  be  of  colloidal  rather  than  molecular  di- 
mensions, is  a  plastic  solid  rather  than  a  fluid  film,  and  apparently 
acts  by  smoothing  over  surface  irregularities,  carrying  much  of  the 
load,  and  minimizing  metal  to  metal  contact  and  abrasion.  The 
structure  and  physical  characteristics  of  this  film  seem  to  be  more 
important  than  its  thickness  in  determining  its  efficiency  in  lowering 
friction. 

The  constituents  of  lubricants  which  form  these  adsorbed  layers 
may  be  selectively  adsorbed  and  largely  removed  from  the  oil  by  re- 
peated treatments  with  very  finely  divided  metals,  such  as  iron-by- 
hydrogen. 

IN  THEIR  previous  article  the  writers  have  shown  that 
under  certain  adverse  conditions — especially  at  slow 
speeds  and  high  loads,  or  where  the  oil  supplj-  is  inade- 
quate— a  perfect  fluid  lubricating  film  cannot  be  maintained, 
and  lubrication  of  the  rubbing  surfaces  depends  on  the  abUity 
of  a  verj'  thin,  probably  semisolid,  film  of  lubricant  to  adhere 
to  the  metal  surfaces  in  spite  of  the  pressure  tending  to 
squeeze  it  out  and  the  abrading  effect  due  to  motion.  This 
fundamental  property  of  "oiliness,"  which  is  possessed  to 
variable  degrees  by  all  good  lubricants,  has  been  the  subject 
of  a  considerable  amount  of  investigation,  chiefly  in  England, 
but  although  there  is  considerable  e^adence  to  indicate  the 
presence  of  some  such  absorbed  film,  its  composition,  struc- 
ture,  thickness,  and  the  mechanism  of  its  formation  are 
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matters  which  still  remain  to  be  established.  Furthermore, 
no  simple  and  satisfactory  quantiUUive  measure  of  the  property 
of  oilinc^  has  yet  Ijecn  devised. 

For  the  purposes  under  discussion,  the  "oiliness"  of  a 
lubricant  will  Ik?  defined  as  the  property  by  \'irtue  of  which 
one  fluid  gives  lower  coefficients  of  friction  (generally  at  slow 
speeds  or  high  loads)  than  another  fluid  of  the  same  viscosity. 

One  rca.s4)n  why  the  pmporty  of  oiliness  has  not  received 
the  attention  it  appears  to  deserve  lies  in  the  fact  discussed 
in  the  previous  paper,  namely,  that  practically  all  well- 
designed  journal  bearings  operate  for  at  least  95  per  cent  of 
the  time  under  conditions  of  perfect  fluid  film  lubrication, 
where  the  oiliness  of  the  lubricant  plays  no  part.  As  a 
result,  many  are  inclined  to  question  the  practical  value  of  a 
detailetl  consideration  of  the  more  exceptional  and  compli- 
cated ca.se  of  parlial  lubrication  where  the  speed  is  too  low  or 
the  load  too  high  to  maintain  the  normal  fluid  film  between 
the  metal  surfaces,  and  the  property  of  oiliness  becomes  impor- 
tant. Since  this  point  of  view  is  frequently  taken  by  ex- 
perienced lubrication  engineers,  it  seems  desirable  to  point 
out  tlie  following  basic  rea.sons  why  the  laws  of  partial  lubri- 
cation and  the  property  of  oiliness  are  of  very  real  practical 
importance,  apart  from  their  theoretical  interest. 

1 — Rvcr>'  bearing  must  occasionally  start  and  stop,  and  thus 
pass  thrniiKh  the  region  of  parti.il  lubrication,  where  the  friction 
cocflicients  arc  enormously  liigher  than  at  normal  speeds  and 
some  abrasion  b  certain  to  result.  The  resultant  roughening 
of  the  bearing  surfaces  is  directly  or  indirectly  responsible  for  a 
large  proportion  of  bearing  failures,  although  the  actual  failure 
may  take  place  only  after  the  bearing  has  been  running  for  some 
time  at  high  sjieeds,  when  the  rough  surface  causes  overheating. 
By  using  a  lubricant  of  high  oiliness  which  will  maintain  a  film 
even  when  the  bearing  is  not  rotating,  it  is  possible  to  minimize 
this  abrasion  and  its  resultant  effects. 

2 — Conditions  very  frequently  occur,  especially  in  machinery 
In  the  han<Is  of  un.skilled  operators  (under  which  head  we  may 
include  most  automobiles!)  where  the  oil  supply  is  temporarily 
deficient  for  one  reason  or  another.  Under  these  conditions  the 
only  salivation  of  the  bearing  is  a  tenaciously  adsorbed  film  of 
lubricant  which  will  remain  for  a  long  time  and  prevent  seizing 
and  damage  to  the  bearing,  even  though  it  gives  a  higher  coeffi- 
cient than  that  of  the  tluid  film  which  should  be  present. 

3  -In  many  cases,  such  as  the  piston  rings  in  an  engine  cylinder, 
or  the  cTosshead  of  the  steam  engine,  there  is  a  rccijirocating  mo- 
lion  iKlHccn  Mat  surfaces,  and  under  these  conditions  the  inain- 
tcnanic  of  a  perfect  tluid  film,  esi>ecially  at  the  ends  of  the  stroke, 
is  very  (lilVuiilt.  and  the  amount  of  friction  depends  very  largely 
on  the  iHTinanence  and  lubricating  value  of  the  adsorbed  film. 
The  prcci-.c  tyije  of  lubrication  in  the  cylinders  is,  to  be  sure,  not 
so  important  in  many  of  the  more  [loorly  made  engines  where, 
to  quote  a  well-known  contemporary,  "the  threads  on  the  piston 
rings  do  not  fit  those  in  the  cylinder  " 

4 — There  are  many  special  uses  of  lubricants  where  high  prcs- 
«tirr«  nncl  romt>nmtivelv  slow  speeds  arc  ab.solutely  essential, 
'■  '         '     '  •  •  ,;,iy  a  strongly  adsorlied  film  can  pre- 

Important  examples  under  this  head 
where  greases  are  usually  employed  in 
ui.ii  1  iM  111  iiui.iiu  .1  iiii.n.  ating  film,  and  in  cutting  or  threading 
most  metals,  where  lard  oil  is  unquestionably  superior  to  ordinar\- 
mineral  oils. 

■> — From  the  standpoint  of  the  producer  of  lubricants,  a  study 

of  the  film  forming  tendency  of  oils  appears  to  be  indispensable, 

siiiii-  III;,  iiiiin,- ..,,r,-,i  oiliness  factor  is  the  only  fundamental 

k'kxI   Uil>ricants,   poor  lubricants,   and   so- 

'  i.    of  similar   viscosity.     I'ndcr    Uie.se   cir- 

■""  "1,-  that  neither  the  producers  nor  the 

'^""'"'  lojied  any  recognized  test  or  spccifica- 

Jl""  "  ,  '  ^*cen  the  amount  of  oiliness  possessed 

fy  "'■  ■■'^n  though  such  tests  might  hamper 

tue  rcmarl..i. ..c  inugiualiou  and  fluency  of  the  average  oil  sales 

man  when  discussing  this  phase  of  the  subject!). 

.^^  '  'It  w.ay  in  which  the  property 

°    °  -  ui  practically  .all   Ijciirings 

*^'"  "'  '    >ns  of  iierf.Tt  tlui,!  film  liihri' 


cation,  has  apparently  never  been  pointed  out.  This  is  the  in- 
fluence which  the  property  of  oiliness  has  on  bearing  design. 

As  has  been  shown  in  the  previous  article,  bearings  are  designed 
primarily  to  operate  in  the  range  of  perfect  fluid  film  lubrication 
and  reasonably  near  to  the  point  of  minimum  friction.  Un- 
fortimately,  it  is  not  possible  to  operate  exactly  at  this  point 
because  it  is  just  on  the  verge  of  the  dangerous  condition  of 
partial  lubrication.     It  is  therefore  necessary  to  multiply  the 

value  of    ^    at  the  critical  point  by  a  factor  of  safety  of,  say, 

5  to  determine  the  safe  operating  value,  though  these  conditions 
give  much  higher  coefficients  of  friction  than  the  minimum  value . 
The  effect  of  the  oiliness  of  the  lubricant  on  this  matter  of 
design  is  apparently  twofold:  first,  it  lowers  to  a  considerable 
extent  the  critical  point;'  and  second,  it  decreases  the  danger 
attendant  upon  operating  occasionally  in  the  region  of  partial 
lubrication.  It  is  therefore  quite  reasonable  to  use  a  smaller 
factor  of  safety  if  a  lubricant  with  a  high  degree  of  oiliness  is 
asstu'cd.     In  other  words,  a  bearing  supplied  with  a  very  oily 

lubricant  could  be  designed  to  operate  at  a  value  of    -r       °^' 

termined  by  multiplying  a  tower  critical  value  by  a  lower  factor  of 
safely,  thus  giving  a  much  lower  operating  coefficient  of  friction 
than  if  reliance  could  not  be  placed  on  the  degree  of  oiliness 
possessed  by  the  lubricant. 

In  view  of  the  foregoing  facts,  this  Laboratory  believes 
that  the  whole  question  of  oiliness  and  the  mechanism  of 
lubrication  at  low  speeds  is  the  most  important  present  prob- 
lem in  the  entire  field  of  lubrication,  from  both  a  practical 
and  a  theoretical  standpoint.  As  the  first  point  of  attack 
upon  the  problem,  the  Laboratory  has  been  endeavoring  for 
some  time  to  work  out  satisfactory  methods  of  measuring 
this  oiliness  factor,  and  has  also  been  conducting  experiments 
designed  to  throw  light  on  the  mechanism  by  which  the  film 
is  formed.  This  work  lias  for  some  time  been  subsidized  by 
the  General  Motors  Research  Corporation,  and  more  recently 
by  the  Standard  Oil  Co.  (New  Jersey),  with  whose  kind 
permission  tliis  article  is  published. 

In  tliis  preliminary  investigation  of  the  factor  of  oiliness 
the  writers  offer  no  apologj'  for  the  fact  that  they  have  not 
as  yet  attempted  to  simulate  actual  working  conditions  in 
bearings,  etc.  As  has  already  been  pointed  out,  the  factors 
which  determine  the  coefficient  of  friction  in  a  bearing  are 
many  and  difficultly  separable.  Theoreticallj',  under  cer- 
tain conditions  a  bearing  could  be  used  to  measure  the 
viscosity  of  a  lubricant;  practically,  the  only  way  to  obtain 
a  satisfactory  degree  of  accuracy  is  to  use  a  viscosimeter  which 
bears  no  resemblance  to  a  bearing;  similarly,  in  developing 
the  quantitative  measure  of  oilincts  it  is  desirable  to  go  to 
extreme  conditions  and  eliminate  all  other  factors  as  far  as 
possible.  It  is  also  the  belief  of  the  wTiters  that  in  the  present 
preliminary  stage  of  the  work,  undue  reliance  should  not  be 
placed  on  any  single  supposed  test  of  the  oUiness  factor, 
but  that  several  radically  different  methods  of  measurement 
should  be  tried  to  determine  which  results  are  most  uniformly 
consistent  with  the  known  properties  of  the  oil  and  its  behavior 
in  actual  service  tests  in  bearings  operating  under  conditions 
of  partial  lubrication.  This  comparison  of  the  results 
obtained  by  different  methods  of  testing  should  also  aid 
greatly  in  explaining  the  mechanism  of  partial  lubrication. 

Thus  far  the  writers  have  m.ade  use  of  six  independent 
methods  of  measuring  some  property  connected  with  the 
adsorbed  lubricating  film  on  metal  surfaces,  not  to  mention 
several  others  wliich  have  been  tried  out  and  discarded  for 
various  reasons.  The  results  of  these  preliminary  studies 
are  admit  tcdlj'  inconclusive  in  many  important  details, 
but  a  number  of  new  and  interesting  facts  have  been  brought 
to  light  and  it  is  hoped  that  a  detailed  presentation  of  the 
methods  used  may  stimulate  discussion  and  research  in  this 
important  field. 

'  As  indicated  in  the  preceding  article,  insuflicicnt  work  has  been  done 
to  ■settle  tlii5  point  definitely. 


Aug.,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


68.5 


In  view  of  the  specified  definition  of  oiliness  in  terms  of 
the  coefficients  of  friction  for  partially  liil)ricated  surfaces, 
measurements  of  the  coefficient  of  friction  under  conditions 
which  emphasize  the  effect  of  oiliness  is  the  obvious  first 

a  pproach  to  a  solution 
of  the  problem.  This 
means  that  the  meas- 
ureiiients  should  be 
nuiilc  in  the  region  of 
liartial  lubrication,  by 
using  either  very  low 
speeds  or  high  pres- 
sures. 

In  undertaking  such 
■I  study  it  is  well  to 
recognize  at  the  outset 
one  very  serious  and 
apparently  inescap- 
;il)le  difficulty  which 
besL'ts  any  method  of 
measuring  friction  un- 
der conditions  of  par- 
tial lubrication.  This 
difficulty  is  due  to  the 
combination  of  two 
facts:  first,  in  this  re- 
Fin  1  gion    the   nature    and 

condition  of  the  sur- 
faces profoundly  influence  the  coefficient  of  friction;  and  sec- 
ond, some  abrasion  is  certain  to  result  if  the  test  is  severe 
enough  to  distinguish  clearly  between  good  and  bad  lubri- 
cants. It  is  therefore  necessary  to  use  extreme  care  in  the 
preparation  of  the  surfaces  if  reproducible  results  are  to  be 
secured,  and  the  surfaces  must  be  refinished  and  brought 
back  to  their  original  condition  after  virtually  every  test. 
As  a  result,  the  time  spent  in  lapping  and  repolishing  sur- 
faces is  generally  a  matter  of  days,  as  compared  with  min- 
utes required  for  making  the  actual  friction  measurements. 
This  results  in  slow  progress,  especially  in  the  early  stages  of 
a  fundamental  investigation  where  the  relative  importance 
of  the  various  factors  and  the  proper  methods  for  obtaining 
the  best  results  are  not  yet  established.  This  difficulty  is 
even  more  pronounced  in  working  with  journal  bearings  be- 
cause any  repolishing  or  scraping  tends  to  increase  the 
clearance  and  change  the  whole  behavior  of  the  bearing. 
The  use  of  flat  bearing  surfaces  for  such  tests  is  therefore 
decidedly  advantageous. 

Results    on    a    Deeley    Type    Friction    Machine 

The  most  promising  method  described  in  the  literature 
for  studjang  the  mechanism  of  partial  lubrication  at  slow- 
speeds  and  comparatively  high  loads  is  the  Deeles^  type  of 
machine.^  Apparently  only  one  of  these  machines  has  pre- 
viously been  constructed,  that  by  Mr.  Deeley  himself,  and  the 
meager  amount  of  data  secured  was  insufficient  to  permit 
the  formulation  of  important  conclusions. 

The  construction  of  the  Deeley  type  machine  used  by  this 
Laboratory  is  shown  in  Figs.  1  and  2.  It  consists  essentially 
of  a  flat  plate  which  can  be  rotated  at  any  desired  (slow) 
speed,  on  which  rests  a  disk  supported  by  three  pegs  and 
pressed  down  by  weights  of  any  desired  size.  The  disk  is 
held  in  place  by  a  small  vertical  shaft  which  is  free  to  turn 
except  for  the  restraint  imposed  by  a  calibrated  spu-al  spring. 
When  the  bottom  plate  is  rotated  at  constant  speed  the 
top  disk  follows  it  until  the  spring  overcomes  the  frictional 
resistance  and  slipping  begins.    The  first  maximum  reading  on 

•  The  Deeley  machine  and  its  use  ate  described  in  some  detail  in  the  1920 
Report  of  the  Lubricants  and  Lubrication  Committee  of  the  British  De- 
partment of  Scientific  and  Industrial  Research. 


the  gi'aduated  scale  mea.sures  the  static  coefficient  of  friction, 
and  the  steady  position  which  it  a.ssumes  as  rotation  is  con- 
tinued is  a  measure  of  the  kinetic  coefficient  at  the  speed  in 
question.  A  damping  device  is  added  to  prevent  too  violent 
oscillations  of  the  system  when  the  disk  first  breaks  away. 

The  general  procedure  in  making  measurements  is  as 
follows:  When  glas.s  surfaces  are  used  they  are  first  cleaned 
by  washing  with  soap  and  water  and  then  with  chromic  acid. 
They  are  next  rinsed  thoroughly  with  distilled  water  and 
dried  on  a  clean  cotton  towel.  They  arc  then  placed  on  the 
machine,  the  receiver  filled  with  oil,  covering  the  bottom  plate 
to  a  depth  of  1/16  in.  and  the  machine  run  at  high  speed  and 
light  load  for  several  minutes  in  order  to  rid  the  surfaces  of 
any  adhering  moisture  film.  In  making  a  scries  of  readings 
the  machine  is  adjusted  to  the  speed  required,  the  load  is 
applied,  and  as  soon  as  the  pointer  comes  to  rest  the  reading 
is  noted  and  the  machine  stopped.  In  this  way  undue  abra- 
sion is  prevented,  as  the  pointer  almost  always  comes  to  rest 
after  one  or  two  revolutions  of  the  turntable.  By  the  time 
that  a  half  a  dozen  readings  can  be  taken,  however,  the  sur- 
faces arc  so  badly  scored  that  it  is  necessary  to  refinish  them 
before  they  may  be  used  again.  This  rapid  wear  affects 
the  results  considerably,  but  thus  far  no  way  has  been  found 
of  avoiding  it.  For  this  reason  the  values  given  below  must 
be  considered  only  approximate. 

In  using  metal  surfaces  the  procedure  followed  is  somewhat 
diflerent.  The  plate  used  consists  of  a  casehardened  tool 
steel  disk,  which  after  hardening  is  ground  true  and  polished. 
The  tripod  is  made  of  cast  iron  and  has  rectangular  feet, 
approximately  1/4  in.  by  1/16  in.  They  are  so  placed  that 
the  longer  dimension  is  at  right  angles  to  the  path  of  travel. 
These  surfaces  are  ground  together  first  with  carborundum 


flour  and  then  run  dry  for  several  days  until  both  surfaces 
are  bright  and  smooth.  They  are  next  oiled  and  run  in  for 
about  50  lirs.  more.  Following  tliis  treatment  the  surfaces 
are  removed  from  the  machine,  carefully  cleaned,  and  oiled 
with  the  oil  to  be  tested,  and  the  machine  run  till  constant 
readings  are  obtained.  This  is  frequently  a  period  of  8  to 
lOhrs. 

One  of  the  princip.al  questions  which  it  was  hoped  to  settle 
by  the  use  of  the  Deeley  machine  was  whether  the  coefficient 
of  friction  drops  off  steadily  with  increasing  speed,  or  whether 
it  first  rises  from  the  static  value  and  passes  through  a  maxi- 
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Ilium  at  very  slow  speeds.  A  statement  of  the  latter  effect 
is  n»ade  bv  Archbutt  and  Deeley'  and  repeated  by  several 
other  recent  writers  on  the  subject,  but  the  experimental 
data  on  which  it  is  ba.sed  seem  to  be  extremely  meager,' 
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iiid  in  view  of  the  difficulty  of  obtaining  reliable  results 
under  conditions  of  partial  lubrication  it  was  felt  desirable 
to  check  up  this  statement  which  .seems  contrary  to  i)oth 
ilieory  and  Rcneral  experience.  It  was  also  felt  that  a  study 
.f  the  static  cfiefTicient  and  the  kinetic  coefficient  at  slow 
-peeds  would  throw  considerable  light  on  the  best  conditions 
iiiider  which  to  obtain  a  quantitative  measure  of  the  property 
'  if  oiliness. 

I'sinR  the  above-descrilxKl  machine,  an  extensive  series 
nf  observations  have  been  made  to  dctcnniiie  primarily  the 
itTr'ct  of  varj'ing  speed  on  the  coefficient  of  friction  under 
rfindition.s  of  partial  lubrication.  Typical  sets  of  results 
;ire  showii  in  Figs.  3  to  6,  inclusive.  In  making  these  tests  an 
itTort  is  made  to  distinguish  between  animal  or  vegetable 
oils,  most  of  which  arc  known  to  possess  the  property  of 
oiliness  to  a  high  degree,  and  straight  refined  mineral  oils 
of  similar  \'iscosity,  of  which  Velocite  B,  made  by  the  Vacuum 
(,)il  Co.,  is  fairly  typical.  It  was  also  desired  to  check  up 
the  observ'ations  of  Archbutt  and  Deeley  on  the  effect  of 
adding  small  amounts  of  fattj-  acids  to  the  mineral  oil. 

Fig.  ;{  shows  some  of  the  results  which  were  obtained  with 
this  machine  using  rubbing  surfaces  of  glas.s,  and  brings  out 
clearly  the  effect  on  the  coefficient  of  friction  of  adding  small 
amounts  of  fatty  constituents  to  a  high-grade,  paraffin  base 
spindle  oil.  It  is  noted  that  over  the  entire  range  of 
nibbing  speeds  covered,  from  static  uj)  to  8  ft.  per  miii., 
the  oils  containing  5  per  cent  neutral  lard  oil  and  1  per  cent 
stearic  acid  gave  much  lower  values  for  the  coefficient  than 
did  the  straight  mineral  oil.  One  per  cent  of  stearic  acid 
serves  to  lower  the  coefficient  even  more  than  does  5  per  cent 
of  the  neutral  animal  oil. 

The  values  shown  for  the  static  coefficient  are  undoubtedly 
inaccurate,  on  account  of  the  great  tendency  of  the  well- 
cleaned  glass  surfaces  to  seize  and  give  quite  variable  results. 
Glass  also  does  not  appear  to  ad.sorb  a  film  from  ordinary 
lubricants  at  all  firmly,  and  hence  it  givers  a  very  high  static 
coefficient.  The  ghiss  surfaces  usi-d  in  the.se  tests  all  showed 
very  deep  scratches  after  one  or  two  readings  had  been  (jli- 
taincd.  The  very  rapid  drop  in  the  coefficients  as  soon  a-s 
appreciable  spcefls  are  rcache<l  is  also  consistent  with  what 
might  be  cxfH'  ted  from  such  plane,  highly  polished  surfaces, 
wliich  woul(l  require  only  a  very  thin  fluid  film  to  prevent  all 
solid  contact. 


Fig.  4  shows  the  variation  of  the  coefficient  with  speed 
of  rubbing  for  a  given  oil,  rapeseed,  at  two  different  tempera- 
tures. It  is  interesting  to  note  that  at  low  speeds  the  higher 
temperature  gives  the  higher  coefficient,  while  at  speeds  above 
1  ft.  per  niin.  tlie  two  curves  reverse  their  relative  positions. 
This  is  readily  explainable  on  the  basis  of  the  fact  that  ad- 
sorption is  the  main  factor  in  reducing  the  coefficient  at  lower 
speeds,  and  this  is  always  more  pronounced  at  lower  tempera- 
tures, whereas  at  liighcr  speeds  the  viscosity  of  the  fluid  is 
the  primary  factor  in  determining  the  friction,  and  this  is 
lower  at  the  higher  temperature. 

In  Fig.  5  is  shown  the  effect  of  adding  small  amounts  of 
stearic  acid  to  the  mineral  oil,  using  cast  iron  vs.  steel  sur- 
faces. The  presence  of  but  0.5  per  cent  of  the  fatty  acid 
apparently  lowers  the  coefficient  to  less  than  one-half  of  its 
former  value  in  the  range  studied.  Increasing  the  fatty 
acid  content  to  2  per  cent  effects  a  further,  though  less  marked, 
reduction.  The  relatively  enormous  effect  of  such  small 
additions  can  apparently  be  explained  only  on  the  assumption 
that  the  fatty  acid  is  concentrated  in  a  surface  film  by  a  selec- 
tive adsorptive  force  at  the  metal  surface. 

The  curves  again  show  a  steady  decrease  from  static  fric- 
tion with  increasing  speed  of  rubbing,  the  drop  being,  however, 
much  less  precipitous  than  for  glass  surfaces. 

The  next  chart,  Fig.  6,  compares  the  results  on  blown  rape- 
seed  oil,  mineral  oil,  and  mineral  oil  plus  2  per  cent  oleic  acid. 
The  oleic  acid  appears  slightly  superior  to  the  stearic  acid  as 
an  adulterant  after  motion  has  started,  though  the  static 
coefficient  is  somewhat  higher.  The  straight  blown  rapeseed 
gives  only  slightly  lower  values  than  the  mineral  oil  plus 
oleic  acid. 

It  is  impossible  within  the  scope  of  the  paper  to  present  all 
of  the  rather  extensive  experimental  results  secured  on  this 
machine.  For  example,  several  series  of  tests  were  made  to 
determine  the  effect  of  load  on  the  coefficient  at  speeds  up  to 
8  ft.  per  min.,  and  with  pressures  varying  from  25  to  140  lbs. 
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ppr  sq.  iiy  The  curves  for  dilTcrent  loads  were  i)racti('ally 
identical  in  shape  and  fairly  close  to  one  another  in  position. 
The  relative  jjositions  of  the  curves  for  different  loads  wen; 


and  greater  reproducibility,  may  be  obtained  at  speeds  in  the 
neiRhborhood  of  0..5  ft.  per  rain.,  but  such  conditions  would  re- 
quire more  complicated  apparatus  and  cause  much  more  abra- 
sion than  would  the  determination  of  the  static  coefficient. 
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not  always  consistent,  but  in  general  the  lower  loads  tended 
to  give  slightly  lower  coefficients  at  moderate  speeds,  though 
most  of  the  differences  were  not  much  greater  than  the  ex- 
perimental error  of  duplicate  runs.  Additional  measurements 
were  made  of  the  siaiic  coefficient  at  loads  up  to  1600  lbs. 
per  sq.  in.,  ^\ithout  noting  any  consistent  variations,  though 
the  average  deviation  of  dupUcate  measurements  at  the  higher 
loads  was  aljout  15  per  cent. 

As  a  result  of  the  work  on  the  Deeley  type  machine  the  fol- 
lowing conclusions  may  be  drawn  as  to  the  friction  between 
'plane,  surfaces  at  slow  speeds: 

1 — There  is  no  maximum  coefficient  of  friction  at  very  slow 
speeds,  the  static  coefficient  always  being  higher  than  any  kinetic 
coefficient. 

2 — For  polished  glass  surfaces  the  drop  from  the  static  coeffi- 
cient to  the  slow  speed  kinetic  is  extremely  sharp  and  it  is  doubt- 
ful if  the  curves  should  really  be  considered  as  continuous.  On 
metal  surfaces,  however,  the  static  coefficients  are  not  so  high  and 
are  more  reproducible,  and  the  curves  appear  to  be  continuous, 
the  static  coefficient  being  only  slightly  higher  than  those  at  very 
slow  speeds. 

3 — Within  wide  limits  pressure  has  comparatively  little  effect 
on  the  coefficient  of  friction  under  the  above-specified  conditions. 

4 — Animal  and  vegetable  oils  show  consistently  lower  co- 
efficients than  ordinary  refined  mineral  oils. 

5 — The  addition  of  very  small  amounts  of  fatty  acids,  or  of 
considerably  larger  amounts  of  neutral  vegetable  oils,  to  mineral 
oils  produces  a  very  marked  lowering  of  the  coefficient  of  fric- 
tion, thus  confirming  the  statements  of  Southcombe  and  Wells. 

6 — On  metal  surfaces  the  maximum  differences  in  the  co- 
efficients of  friction  for  different  oils  are  found  in  the  neighbor- 
hood of  zero  velocity.  In  other  words,  the  static  coefficient  of 
friction  would  appear  to  be  the  best  single  measure  of  the  oiliuess 
factor  of  a  lubricant,  especially  considering  the  greater  simplicity 
of  the  measurements.     Slightly   greater  percentage  differences. 


— 





— 

'- 

AJm 

ic    Coeffic'ifM  for 

— 

N 

Coif  Iron  on  Sfn,}  iurjoeta 

Pr,,-         .fC/.-ij  U 

1 

\ 

Terrtf,       2?  -34  'C 
0   Mineral  Aulo    Oil 

l^ 

\ 

+      -             -tZtOlccA^ 

\ 

> 

\ 

> 

X 

Vj 

^ 

\ 

X 

\ 

^"^^ 

M 

K 

"- 

\  \ 

\v 

■^^;~-_^ 

-t- 

1 — ■ .+- 

7 — All  of  the  above  data  confirm  the  belief  that  the  oiliness  fac- 
tor of  lubricants  is  due  to  a  tenaciously  adsorbed  film  of  some 
constituent  of  the  lubricant,  the  presence  of  which  diminishes  or 
prevents  metal  to  metal  contact,  even  after  the  surfaces  have 
been  pressed  together  for  some  time.  This  ability  of  the  film 
to  withstand  prolonged  pressure  without  being  squeezed  out 
indicates  that  it  partakes  of  the  nature  of  a  plastic  solid'  with 
a  fairly  high  yield  point,  rather  than  being  a  fluid  film  such  as 
does  the  lubricating  in  a  rapidly  rotating  bearing.  In  order  to 
account  for  its  remarkable  effectiveness,  even  on  surfaces  with 
very  appreciable  irregularities,  this  film  would  apparently  have 
to  be  much  thicker  than  the  mere  monomolecular  film  which  is 
frequently  postulated. 

Develop.ment  of  a  ]Method  of  Measuring  the  Static 
Friction   Coefficient 

In  view  of  the  fact  pointed  out  in  the  sixth  conclusion  just 
preceding,  and  of  the  time-consuming  nature  of  measurements 
on  the  Deeley  machine,  it  seemed  highly  advisable  to  develop 
a  rapid  and  reproducible  method  of  measuring  the  &lai\£ 
coefficient  of  friction  for  a  large  number  of  oils,  reserving  the 
use  of  the  Deeley  type  machine  for  making  a  more  thorough 
study  of  the  more  promising  possibilities  as  indicated  by  these 
static  friction  measurements.  A  considerable  amount  of  the 
time  has  therefore  been  devoted  to  the  development  of  such  a 
test,  which  has  proved  more  difficult  than  was  anticipated, 
although  a  fairly  satisfactory  solution  has  now  apparently 
been  attained. 

Some  interesting  work  along  these  lines  has  already  been 
done  by  Langmuir,'"  Hardy,"  and  Lord  Raj'leigh.'^    Lang- 

9  This  belief  was  enunciated  and  some  supporting  data  oflfered  by  one 
of  the  authors  at  the  Rochester  Meeting  of  the  American  Chemical  Society, 
April  2.5  to  29,  1921.     See  Chtm.  Met.  Eng.,  81  (1921),  825. 

1"  "Surface  Phenomena  of  Ore  Flotation,"  Trans.  Faraday  Soc,  IS, 
III  (1920),  62. 

'1  "Static  Friction,  II,"  Phil.  Mag..  [6]  38  (1919),  32;  iO  (1920),  201. 

"  "Notes  on  the  Theory  of  Lubrication,"  Ibid.,  36  (1918),  137. 
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muir  made  measurements  of  the  angle  of  slip  between  non- 
metallic  cn-stal  surface?,  such  as  mica,  quartz,  galena,  etc., 
in  the  presence  and  absence  of  nionomolecular  films  of  fatty 
acids,  etc.,  while  Hardy  workc-d  with  various  pure  organic 
liquids  on  polished  bLsmuth  and  glass  surfaces  and  again 
obtained  evidence  of  monomolecular  adsorbed  films.  Lord 
Rayloigh  made  a  few  obser^•ation?  on  Rla.«s  surfaces.     None 
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of  the  sets  of  results  are,  however,  readily  apijlicable  to  the 
lubrication  of  metal  surfaces  with  ordinarj' lubricants,  though 
Hardy's  methods  of  measuring  the  static  coefficient  were 
essentially  those  u.scd  in  most  of  our  moa.suremonts  to  date. 

In  the  initial  experiments  in  this  L:il)oratory  attempts  were 
made  to  determine  the  static  coefficient  between  flat  surfaces. 
The  results  obtained  were  entirely  unsatisfactory  owing 
to  the  practical  impossibility  of  reproducing  the  original 
flatness  of  the  surfaces  and  the  size  and  shape  of  the  area  of 
contact.  It  was  found  neces.sary  to  obtain  surfaces  of  as 
near  perfect  smoothness  as  possible,  rather  than  working  to- 
ward true  flatness.  True  flats  may  be  obtained  only  by 
lai)ping  methods,  and  consequently  always  show  many  tiny 
scratches  which  are  far  more  objectionable  from  the  stand- 
point of  accurate  friction  measurements  than  quite  appre- 
ciable variations  from  precise  flatness. 

It  might  be  argued  that  excessive  smoothness  would  give 
results  quite  different  from  those  obtained  with  the  ordinary 
types  of  surfaces  which  are  used  in  engineering  practice,  and 
such  a  possibility  is  indeed  quite  conceivable.  As  indicated 
pre\iou»ly,  however,  the  primarj'  need  is  for  definite,  repro- 
ducible measurements  of  the  oiliness  property;  reproducible 
measurements  require  reproducible!  surfaces;  if  surfaces  of  a 
definite  intermediate  smoothne.«s  could  be  th\is  reproduced 
they  might  prove  quite  suitable  for  the  purpose  in  hand, 
but  no  procedure  to  attain  this  end  has  yet  been  suggested, 
and  the  only  alternative  is  to  make  the  surfaces  so  extremely 
smooth  th.it  further  changes  in  degree  of  smoothness  would 
not  affect  the  results.  P'urthermorc,  preliminary  measure- 
ments with  surfaces  of  intermediate  de^ees  of  roughness 
have  shown  that  the  order  of  magnitude  and  arrangement  of 
results  are  nearly  the  same  for  all  reasonable  degrees  of  smooth 
ness,  but  th.st  the  average  deviation  of  the  observations  be- 
comes le^  and  less  as  the  surfaces  become  smoother. 

In  order  to  avoid  these  serious  difficulties,  a  modified 
method  was  developed  which  consists  es-sentially  injthe 
measurement  of  the  static  coefficient  (from  the  angle  of  slip) 
between  two  surfaces,  one  of  which  is  a  highly  polished  and 
approximaiely  plane  surf.icp,  while  the  other  is  a  highly 
polinhed  spheric'il  s<-gment  with  a  definite  radius  of  curvature 
(6  in.).  By  this  expedient  it  is  possible  to  focus  all  attention 
on  the  smoothness  of  the  surface,  while  minor  variations  in 
the  planeness  or  curvature  of  the  surfaces  have  but  little 


effect.  Furthermore,  the  pressure  per  unit  area  is  high  with- 
out requiring  the  use  of  large  weights,  and  is  reproducible, 
although  its  exact  magnitude  is  unknown.  Fortunately, 
however,  tenfold  variations  in  the  load  (20  to  200  g.)  have 
not  been  found  to  affect  the  results  more  than  .3  or  4  per  cent 
on  the  average. 

To  the  uninitiated  it  may  seem  a  fairly  simple  matter  to 
produce  surfaces  which  have  a  mirror-like  smoothness  and  yet 
possess  the  other  necessary  properties.  The  most  obvious 
method  at  first  sight  would  be  to  electroplate  the  surfaces 
with  some  metal,  such  as  gold,  sOver,  or  copper,  which  readily 
takes  a  high  polish,  but  experiments  with  such  surfaces  in- 
dicate that  even  with  comparatively  small  loads  the  surfaces 
are  so  soft  that  they  are  actually  "ploughed"  up  whenever 
static  fiiction  measurements  are  made,  and  it  was  felt  that 
the  measurements  were  more  a  function  of  the  internal  prop- 
erties of  the  soft  metal  film  than  of  the  adsorbed  oil  film. 
Other  experiments  with  soft  and  readily  burnishable  metals 
load  to  the  conclusion  that  fairly  hai'd  materials  must  be 
used  in  order  to  obtain  accurate  and  reproducible  results. 

One  material,  which  takes  a  remarkably  good  polish,  and 
yet  possesses  a  high  degree  of  hardness,  is  speculum  metal, 
a  definite  crj\«talline  compound  of  copper  and  tin  in  the  pro- 
])ortions  CuiSn  (68.2  per  cent  Cu,  31.8  per  cent  Sn).  This 
metal  is  very  brittle,  but  with  proper  care  can  be  cast  into  the 
form  of  disks,  hemispheres,  or  pegs  which  take  an  excellent 
l)olish.  The  metal  also  has  the  advantage  of  being  practically 
noncorrodible. 

In  view  of  the  probable  specificity  of  different  metals  in 
building  up  an  adsorbed  film,  it  seemed  desirable  to  approxi- 
mate most  ser\ice  conditions  by  making  at  least  one  of  the 
surfaces  out  of  steel,  preferably  fairly  hard.  A  great  deal  of 
difficulty  was  experienced  in  securing  suitable  pieces  of  steel 
which  were  free  from  microseojiic  inclusions  of  oxide  or  pits, 
and  furthermore  many  steels  can  be  ground  to  a  very  smooth 
surface  and  yrt  in  the  long  polishing  operatiorrby  cloth  tend 
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to  develop  irregularities  due  to  differences  in  hardness  of 
different  parts  of  the  grain  structure,  or  to  form  pits  due  to 
corrosion.  In  order  to  get  a  steel  reasonably  free  from  non- 
uniformities,  recourse  was  had  to  the  stock  used  in  making 
micrometer  checks,  etc.,  or  to  the  best  quality  of  casehardened 
tool  steel  with  very  fine  grain.  The  second  difficulty  (corro- 
sion) has  been  overcome  by  using  kerosene  instead  of  water  as 
the  liquid  on  the  polishing  wheel. 

The  surfaces  are  prepared  by  lapping  to  the  desired  form, 
rough  polishing  with  60-min.  carborundum  on  a  canvas  cov- 
ered wheel,  and  finishing  with  levigated  alumina  on  a  wheel 
covered  with  a  fine  grade  of  broadcloth. 

Static  friction  measurements  have  been  made  with  various 
combinations  of  these  two  metals  and  also  with  Alloy  5,  a 
low  melting  alloy  (containing  bismuth,  tin,  and  cadmium), 
which  it  was  found  possible  to  cast  in  smooth  hemispherical 
form  on  watch  glasses,  but  which  was  too  soft  to  give  entirely 
satisfactory  results.  The  best  combination  appears  to  be  to 
make  the  spherical  segment  out  of  speculum  metal  and  the 
plane  surfaces  of  annealed  high  carbon  steel,  both  being 
polished  to  a  miiTor-like  smoothness.  With  such  a  combina- 
tion of  surfaces  most  of  the  abrasion  comes  on  the  steel,  and 
twenty-five  or  tliirty  observations  may  be  made  before  re- 
polishing  by  moving  the  slider  each  time  to  a  fresh  part  of  the 
steel  surface. 

In  measuring  the  static  coefficient  the  plane  surface  is 
placed  on  a  support,  the  angle  of  inclination  of  which  can 
be  slowly  raised  by  a  motor  acting  through  a  belt,  light  gears, 
and  a  cord  and  pulley  to  prevent  the  transmission  of  vibra- 
tions. The  plane  is  flooded  with  oil,  the  curved  slider  placed 
in  position  on  the  plane,  and  the  angle  of  inclination  slowly 
increased  until  slip  occurs.  A  stop  is  provided  to  prevent 
the  slider  from  slipping  more  than  about  '/s  in.  The  sur- 
faces are  shown  in  position  for  a  determination  in  Fig.  7, 
except  that  the  spherical  segment  has  been  replaced  by  a 
tripod  slider. 

Table  I  shows  the  results  of  the  preliminary  experiments 
on  four  different  combinations  of  surfaces  ■nith  several  typical 
oils  which  might  be  expected  to  differ  in  the  property  of  oili- 
ness.  Each  of  the  recorded  results  is  an  average  of  not  less 
than  ten,  and  generally  about  twenty,  separate  observations 
of  the  static  friction  coefificient.  The  average  deviations 
varied  from  2  per  cent  to  5  per  cent,  being  generally  below 
4  per  cent,  so  that  the  probable  error  of  the  average  of  twenty 
observations  is  generally  less  than  1  per  cent  as  far  as  a  partic- 
ular set  of  surfaces  is  concerned.  It  has  been  found,  how- 
ever, that  even  ia  the  case  of  the  best  combination  thus  far 
found  (speculum  vs.  speculum),  differences  in  the  degree  of 
polishing  make  perceptible  differences  in  the  results,  even 
when  a  high  degree  of  smoothne.ss  is  apparently  approached. 
Speculum  vs.  steel  gives  slightly  greater  deviations,  but  is 
recommended  in  order  to  approach  more  closely  to  service 
conditions.  Too  much  reliance  must  therefore  not  be  placed 
on  the  precise  reproducibility  of  the  different^  observatioas 
untU  further  work  has  been  done. 

Table  I — Static  Friction  Mbasurkments 

Incuned  Plane  Method — Spherical  Segment  Slider 

Load  =  100  G. 

Coefficient  op  Friction 
Speculum 
Speculum  on  Alloy  5 

On,  on  Steel       Speculum  on  Steel 

Glycerol 0.20  0.20 

Velocite  "B"  OU 0.182  0.173         0.152 

Velocite  "B"  +  2%  stearic  acid 0.123  0.121         0.123 

Velocite  "B"  +  Vi%  iron  stearate 0.120  0.120 

"Neutral"  lard  oU 0.125  0.126         0.093 

Velocite  "B"  +  2%  p-cresol 0.1S6  0.178 

Velocite  "B"  treated  twice  with  Fe  by  H 0.190  0.180 

As  to  the  significance  of  the  typical  results  given  in  Table  I, 
it  wiU  be  noted  in  the  first  place  that  there  is  again  a  sharp 
distinction  between  lubricants,  such  as  lard  oU,  which  are 
known  to  possess  a  high  degree  of  oiliness,  and  ordinary 


mineral  oils;  and  also  that  small  amounts  of  stearic  acid  added 
to  mineral  oils,  such  as  Velocite  B,  give  values  which  corre- 
spond very  closely  to  the  animal  or  vegetable  oils.  These 
results  all  check  up  remarkably  well  with  the  previously 
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Fig.  9 — Apparatus  for  Determination  of  Intbrfacial  Tension 

discu.ssed  results  on  the  Deeley  machine,  except  as  to  the 
precise  magnitude  of  the  static  coefficients.  It  will  be 
noted  that  ferric  stearate  is  also  very  effective  in  lowering 
the  coefficient,  though  the  soap  is  rather  unstable  on  stand- 
ing in  the  mineral  oil. 

In  order  to  show  that  not  all  constituents  which  lower  the 
surface  tension  between  oil  and  water  necessarily  lower  the 
static  friction  coefficient,  results  are  given  on  Velocite  B 
oU  containing  2  per  cent  of  p-cresol.  This  raises,  rather  than 
lowers,  the  coefficient  of  friction,  and  indicates  that  the  mere 
presence  of  an  adsorbed  film  is  not  the  only  essential  point, 
but  that  its  structure  is  also  important.  This  point  is  dis- 
cussed more  fully  in  the  following  section. 

One  difficulty  with  the  above  method  of  mea-surement  with 
the  spherical  segment  on  a  plane  surface  is  the  impossibility 
of  determining  the  dry  coefficient  of  friction,  because  in 
the  absence  of  any  liquid  the  segment  begins  to  twist  about 
on  the  vertical  axis  through  its  point  of  contact,  and  slowly 
works  its  way  down  the  surface  at  comparatively  low  angles 
of  inclination.  This  can  be  overcome  by  using  a  viscous 
non-lubricant,  such  as  glycerol,  which,  as  will  be  noted,  gives 
the  highest  coefficients  observed  for  these  surfaces.  It 
should  be  said,  however,  that  the  higher  observ^ed  values  for 
the  static  coefficient  of  friction  are  open  to  some  question, 
since  the  spherical  segment  tends  to  roll  slightly  as  the  plane 
is  raised,  thus  bringing  new  parts  of  the  surface  into  contact, 
and  this  action  becomes  more  pronounced  as  the  angles  in- 
crease. It  is  therefore  quite  possible  that  all  the  higher 
values  tend  to  be  crowded  together  by  this  method,  prevent- 
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ini?  sharp  distinctions  between  different  kinds  of  mineral 
oil." 

One  rather  striking  feature  about  the  measurements  of 
the  static  friction  coefficients  is  that  even  very  highly  polished 


Pio.  10— ArrAiuTin  ro«  Dsthrmimatiom  or  Elbctiiicai.  Rbsistancb  or 
AosoKBSo  Oil  Films 

surfaces  almost  invariably  produce  surface  scratches  of  quite 
apprpciai)le  depth  when  sliding  actually  begins,  although  it 
appears  that  these  scratches  are  produced  only  after  the 
slider  Iwgins  to  move,  and  therefore  play  no  i)art  in  deter- 
mining the  value  of  the  starting  coefficient. 

Surface  Tension  Measukements  asd  Theiu 

SlG\TFICA.\CE 

Probably  no  factor  connected  with  the  property  of  oiliness 
is  80  frequently  mentioned  without  any  clear  notion  of  its 
true  significance,  as  is  surface  tension.  For  example,  it 
seems  to  be  assumed  generally  that  a  lowering  of  interfacial 
surface  tension  between  oil  and  metal  must  in  some  way 
necejtsnrily  lower  the  coefficient  of  friction,  whereas  there  is 
no  such  necessary  relationship.  Even  Southcombe  and  Wells 
in  their  extensive  studies  along  these  lines  are  open  to  serious 
criticism  as  regards  their  method  of  presentation. 

When  any  two  imntiscilile  liquids  are  in  contact,  the  mole- 
cules in  the  surface  layers  are  in  a  partially  unbalanced  con- 
dition antl  ix«sess  a  certain  amount  of  potential  energj', 
owing  to  the  fact  that  the  molecules  of  the  one  liquid  do  not 
attract  those  of  the  other  as  much  as  they  attract  like  mole- 
cules. If  this  were  not  true  the  molecules  of  one  liquid  would 
dissolve  indefmit«"ly  in  the  other  liquid,  as  is  the  case  with 
viixcMf  liquids,  and  there  would  be  no  interfacial  surface. 

Work  is  therefore  required  to  bring  enough  molecules  of 
each  liquid  from  the  interior  of  their  phases  to  form  the  inter- 
facial layers,  and  the  amount  of  energy  thus  required  per  sq. 
cm.  of  interface  formed  is  calk'd  the  interfacial  surface 
eneno'  in  ergs  per  sq.  cm.  (which  is  precisely  equal  numeri- 
cally to  the  more  freciuently  u.sed,  but  less  clearly  visualized 
t«rm,  surface  tension,  in  dynes  per  cm.). 

The  magnitude  of  this  interfacial  surface  energy,  as  we  shall 
now  refer  to  it,  is  readily  measurable  by  a  variety  of  means, 
the  most  coniijion  of  which  is  the  determination  of  the  drop 
weights  of  one  liquid  when  slowly  dropped  into  another  from 
a  capillar)-  of  known  diameter.  In  this  case  the  force  of 
gravity  is  caused  to  work  against  the  forces  tending  to  pre- 
vent tlic  increase  of  surface  and  the  drop  falls  when  the  force 
of  gravity  just  exccotls  the  opposing  forces,  the  magnitude 
of  which  can  then  Ix-  readily  calculated. '• 

"  ""-«  pr""itc<l  IhtJt  difficulties  have  apparcnUy  been 

""'"  '  •  >l><)er  coniiitiiil  o(  a  htavy  mcUl  disk  supported 

um  pecs,  each  ■/<  in.  in  diameter  and  polished  off 
■  tuir.     This  follows  a  suggestion   made  by   Dr. 
ol  the  Standard  Oil  Co..   and    is  similar  to  the 
■'  i.'i         This  arrangement  gives  considerably 
'  rrol.  etc.  but  insuRicient  work  has 
■'■  valuer  on  the  new  arrangement. 
'    incasuremcnts  and  calculations,  see 
.  ,  U     l"JO,,  2.VH. 
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If  molecules  of  some  third  substance  are  also  present 
in  one  or  both  of  the  immiscible  liquids,  other  interesting 
possibilities  arise.  Consider,  for  example,  an  interface  be- 
tween oil  and  water,  with  some  soap  present.  Soap  consists 
of  a  long  hydrocarbon  chain  with  an  active  group  containing 
oxygen  and  some  metal  at  one  end.  The  long  hydrocarbon 
chain  is  soluble  in  oil,  but  the  active  end  with  the  metal  atom 
is  not.  Therefore  comparatively  little  soap  will  dissolve  in 
the  oil  layer.  On  the  other  hand,  the  active  end  has  a  marked 
affinity  for,  and  is  quite  soluble  in,  water,  but  the  hydrocarbon 
chain  prevents  much  of  it  dissolving  (except  in  the  form  of  a 
colloidal  solution  where  the  hydrocarbon  chains  probably 
form  the  interior  of  colloidal  particles  with  the  outside  largely 
made  up  of  the  active  groups). 

It  is  obvious  from  these  considerations  that  the  one  place 
where  a  soap  molecule  can  be  most  "comfortable"'  is  in  the 
interface,  with  the  hydrocarbon  chain  in  the  oil  layer  and  the 
active  water-soluble  group  in  the  water  layer;  and  we  would 
expect  to  find  a  very  much  higher  concentration  of  soap  at 
the  interface  than  in  either  of  the  separate  phases,  as  has 
actually  been  proved  to  be  the  case.  Furthermore,  the  pres- 
ence of  this  type  of  molecules  wWch  are,  so  to  speak,  anxious 
to  concentrate  in  the  interface,  makes  it  easier  to  pro- 
duce more  interface.  In  other  words,  it  lowers  the  inter- 
facial surface  energy  more  or  less  in  proportion  to  this  con- 
centrating tendency.  For  substances  in  the  molecular  state 
the  precise  relation  between  the  lowering  of  surface  energy 
and  the  increase  in  concentration  has  been  worked  out  on 
thermodjmamic  grounds  by  Willard  Gibbs,  but  his  funda- 
mental equation  does  not  apply  quantitatively  to  the  con- 
centration of  colloidal  particles  at  the  interface,  though  it  is 
frequently  and  erroneously  so  used. 

For  the  purpose  in  hand,  therefore,  a  lowering  of  the  in- 
terfacial energy  is  simply  a  measure  of  the  tendency  of  certain 
constituents  to  become  concentrated  at  an  interface,  and  by 
mea.suring  the  amount  of  such  lowering,  the  extent  of  such 
concentration   can   be  roughly  determined. 

In  an  exactly  similar  way,  there  is  an  interfacial  energy 
between  any  hquid  and  any  solid,  and  the  tendency  of 
any  molecules  to  concentrate  at  this  interface  will  cause 
a  lowering  of  this  interfacial  surface  energy.  Unfortunately, 
however,  in  spite  of  many  references  to  this  quantity  as 
though  it  were  definitely  me.^surable,  no  method  has  ever 
been  developed  for  measuring  the  interfacial  surface  tension 
between  a  solid  and  a  liquid."    On  account  of  this  difficulty 
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many  have  erroneously  assumed  that  anything  which  lowered 
the  surface  tension  between  any  two  liquids  would  also  lower 

'*  It  should  be  said  that  there  are  some  bare  possibilities  of  arriving  at 
an  approximate  measure  by  very  special  means  which  never  yet  have  been 
carried  to  the  limit. 
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the  surface  tension  between  one  of  those  liquids  and  any 
metal.  This  is  probably  true  in  a  very  general  and  quali- 
tative sense,  but  the  two  effects  are  by  no  means  sufficiently 


parallel  for  the  assumption  to  be  of  real  vahte  in  making  com- 
parisons between  different  constituents  of  an  oil,  because  it 
is  obvious  that  the  tendency  of  molecules  to  concentrate 
at  a  metal  surface  depends  upon  the  attraction  between 
these  molecules  and  those  of  the  metal,  which  would  certainly 
be  greatly  different  from  their  attraction  for  water  molecules. 
In  spite  of  this  fact  the  'UTitings  and  patent  claims  of  South- 
combe  and  Wells  indicate  their  bchef  that  anything  which  low- 
ers the  surface  tension  between  an  oil  and  water  will  decrease 
the  coefficient  of  friction  between  partially  lubricated  metal 
surfaces. 

It  does  seem  conceivable,  however,  that  the  lowering  of 
interfacial  energy  between  oil  and  metal  surfaces  could  be 
determined  approximately  by  making  measurements  between 
oil  and  mercury,  the  only  pure  metal  which  is  liquid  at  or- 
dinary temperatures.  At  any  rate  the  approximation  would 
be  much  better  than  that  obtainable  by  using  water  as  the- 
second  liquid.  This  Laboratory  had  just  completed  the 
construction  of  an  apparatus  for  such  determinations  when 
the  interesting  results  of  Bhatnagar  and  Garner'^  were  pub- 
lished, and  accordingly  only  a  few  preliminary  measurements 
have  thus  far  been  made. 

Bhatnagar  and  Gamer's  results  with  four  different  fatty 
acids  dissolved  in  mineral  oil  are  showTi  in  Fig.  8.  It  will 
be  noted  that  each  has  its  characteristic  cun'e,  though  liu- 
oleic  acid  seems  to  be  more  highly  adsorbed  than  the  other 
three.  Palmitic  and  stearic  acids  give  almost  identical 
results,  as  would  be  expected  from  their  chemical  similarity. 

The  method  developed  by  this  Laboratory  is  somewhat 
simpler,  being  based  on  the  method  of  Jaeger."    The  es.sen- 

»  J.  Soc.  Chem.  Ind.,  39  (1920),  1S5T. 

"  "Temperature  Coefficients  of  Surface  Energies  of  Liquids,"  Vcrslat. 
Akad.  Welensckappen  Amsterdam,  23  (1914),  330. 


tial  portion  of  the  apparatus  is  shown  in  Fig.  9.  The  inter- 
facial tension  between  the  mercury  and  the  oil  is  measured 
by  the  head  of  mercury,  P,  nece.ssary  to  cause  the  drops  to 
separate  from  the  capillary  which  is  immersed  in  the  oil. 

The  method  is  much  more  rapid,  though  probably  not  quite 
as  accurate,  as  that  of  Bhatnagar  and  Garner. 

Even  granting,  however,  that  the  results  aguin.st  mercury 
surfaces  will  roughly  parallel  tho.se  against  other  metals,  it 
must  be  emphasized  that  these  re.sults  do  not  have  any  direct 
bearing  on  the  coefficient  of  friction  between  partially  lubri- 
cated surfaces,  in  spite  of  frequent  assumption  to  the  con- 
trary. Lowering  of  interfacial  energy  is  only  a  mea-iure  of 
the  tendency  of  some  conslil-uenl  to  concentrate  at  the  metal  sur- 
face; whether  or  not  this  results  in  a  lowering  in  the  friction 
coefficient  depends  almost  wholly  on  the  nature  and  structure 
of  this  adsorbed  film. 

This  fact  is  brought  out  rather  strikingly  by  some  of  the 
static  friction  measurements  just  discussed,  in  which  the 
effect  of  2  per  cent  additions  of  p-cresol  and  stearic  acid  to 
mineral  oil  are  compared.  Both  lower  the  surface  tension 
ag.iinst  mercurj',  both  are  therefore  concentrated  at  the|metal 
surface,  but  while  the  stearic  acid  film  greatly  lowers  the  coef- 
ficient, the  p-cresol  film  appears  to  give  even  slightly  higher 
coefficients  than  the  plain  oil. 

On  the  basis  of  these  and  some  other  preliminary  results, 
plus  certain  theoretical  considerations,  the  writers  believe 
that  a  partial  lubricating  fUm  to  be  effective  in  reducing  fric- 
tion coefficients  between  metal  surfaces  under  high  pressures 
must  possess  the  properties  of  a  solid  rather  than  of  a  fluid 
fihn,  and  must  be  of  colloidal  rather  than  of  ordinary  molec- 
ular dimensions.  p-Cresol  apparently  fails  in  one  or  both  of 
these  specifications,  while  stearic  acid  possesses  them  to  a 
high  degree,  as  is  demonstrated  by  some  later  experiments. 

Measuhements  of  the  Electrical  Resistance  of 
Adsorbed  Films 

As  pointed  out  previously,  interfacial  energy  measurements 
and  static  friction  measurements  show  the  indisputable 
presence  of  adsorbed  films  on  metallic  surfaces  in  contact 
with  lubricants.  They  do  not,  however,  give  any  definite 
information  as  to  the  thickness  or  physical  characteristics 
of  that  fUm.  The  writers  have  therefore  conducted  some 
experiments  designed  to  give  some  idea  of  the  rate  of  for- 
mation and  the  thickness  of  the  adsorbed  fihn  by  means  of  its 
electrical  resistance,  ■ndth  results  which  were  far  more  strik- 
ing than  could  have  been  anticipated.  The  procedure  em- 
ployed may  be  briefly  outUned  as  follows: 

A  "conductivity  apparatus"  was  constructed,  as  shown  in 
Fig.  10.  The  oil  fihn  under  examination  is  held  between  the 
two  hardened  steel  surfaces,  A  and  B.  The  contact  faces 
of  these  surfaces  (originally  1/2-in.  micrometer  checks)  are 
lapped  and  polished  true  untU  they  adhere  tightly  when  dried 
and  lightly  pressed  together.  The  resistance  of  the  contact 
between  these  two  surfaces  was  measured  by  means  of  a 
Wheatstone  bridge  so  arranged  that  balance  can  be  obtained 
either  by  means  of  a  battery  and  galvanometer  (D.  C.)  or 
microphone  hummer  and  phones  (A.  C).  The  tests  were 
carried  out  in  the  following  manner: 

The  surfaces  were  carefully  polished  and  cleared,  placed 
in  the  apparatus  as  indicated,  a  definite  moderate  pressure 
apphed  through  the  lever  C,  and  the  "dry"  resistance  was 
noted.  This  was  very  low,  usually  about  0.03  ohm  when  aU 
traces  of  air  have  been  removed  from  the  surfaces  by  means 
of  gentle  rubbing  under  pressure.  Part  of  even  this  was 
undoubtedly  due  to  the  leads  and  connections.  The  load 
was  then  removed,  the  surfaces  separated,  immersed  in  the 
oil  under  examination,  and  again  placed  under  pressure. 
Some  little  time  (about  15  min.)  was  required  for  the  contact 
resistance  to  drop  off  to  a  substantially  constant  value. 


692 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  8 


Usually  the  first  value  thus  obtained  was  two  or  three  times 
the  "dry"  resistance.  The  surfaces  were  again  separated, 
immersed  in  the  oil  for  a  longer  period  of  time,  and  then 
placed  together  and  the  resistance  again  noted.  This  time 
the  observed  values  were  very  much  higher.  This  procedure 
was  followed  at  intervals  for  about  24  hrs.,  at  the  end  of 
which  time  there  was  in  general  very  little  tendency  toward 
increa.>iing  resist  ancc.  The  results  of  a  number  of  experiments 
are  shown  in  Figs.  11  and  12.  It  is  evident  that  the  fihn 
increases  fairly  steadily  in  thickness  for  about  6  hrs.,  after 
which  the  curve  tends  to  flatten  off.  The  different  curves 
in  Fig.  11  are  for  the  .same  mineral  oil,  Velocite  B,  and  were 
obtained  by  regrinding  and  polishing  the  surfaces  for  each 

series  of  observations. 
The  divergence  indi- 
cates the  lack  of  re- 
producibility, at  least 
in  these  preliminary 
experiments.  Part  of 
the  trouble  is  due  to 
the  difficulty  of  sepa- 
rating the  surfaces 
after  they  have  been 
in  contact  for  some 
time  without  scrap- 
ing off  part  of  the 
film.  This  is  especial- 
ly true  of  the  more 
tenuous  portion 
formed  after  the  first 
hour  or  two,  which  is 
so  sensitive  to  rough 
handling  that  it  prob- 
ably plays  no  impor- 
tant part  under  ser- 
vice conditions.  The 
first  10  or  20  per  cent 
is  much  more  tena- 
ciously held,  although 
even  then  \igorous 
rubbing  or  wiping 
will  remove  all  but  a 
comparatively  small 
proportion  of  the  total 
film  thickness.  Ex- 
jieriiiient.s  are  now  Ining  made  with  much  higher  pressures 
tti  p<'niiil  (li.-'tinction  between  lightly  and  firmly  ad.-!<irl)ed  films. 
One  phenomenon  aecomjjanying  the.-ie  experiments,  which 
the  writen'  have  thus  far  l)een  unable  to  explain  satisfactorily, 
i.t  the  evident  destniction  of  the  film  when  subjected  to  an 
alteniating  electromotive  force,  even  though  the  voltage  and 
current  lie  extremely  low.  As  indicated  in  Fig.  11,  after  the 
film  had  attained  a  resistance  value  of  2  to  3  ohms,  mea.sured 
by  means  of  the  battery  and  galvanometer,  the  circuit  was 
changed  .ho  as  to  impress  on  the  film  an  alternating  electro- 
motive force  of  ver>-  low  voltage,  but  of  approximately  1000 
rvilr.  ptT  sec.  on  the  film,  in  an  effort  to  check  the  measure- 
ment's by  means  of  the  microphone  hummer.  Although  the 
current  thus  pa.'^sod  wr.4  les.s  than  1  per  cent  of  the  amount 
u,tt>d  in  the  D.  C.  mea.iurements,  the  re.sLstance  fell  off  with 
great  r.ipidily  to  the  low  value  of  about  0.4  ohm.  Some  more 
recent  i'\|Mriiiient.s  have  shown  that  a  heatn/  direct  current 

has  murh  iK '^    •    probably  due  in  this  case  to  heat- 

mg.    Since   •  n^  do  not  vary  appreciably  re- 

gardless .,f  tl,.  umc  the  ordinary  D.  C.  of  0.002 

amp<Te  is  applied,  tl.e  .  iTects  of  the  very  small  A.  C.  cannot 
Iw  due  to  straight  electrolysis,  though  they  might  be  attrib- 
uted to  the  action  of  rapidly  alternating  electrical  stresses 
on  a  gcl-likc  adsorbed  film. 
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One  of  the  most  interesting  features  of  these  experiments 
is  the  surprisingly  long  time  required  for  the  film  to  build  up 
in  the  case  of  the  straight  mineral  oils.  The  most  reasonable 
explanation  of  this  observation  appears  to  be  that  the  film- 
forming  constituents  of  the  mineral  oil  are  present  in  compara- 
tively small  proportion,  and  that  considerable  time  is  required 
for  them  to  diffuse  to  the  metal  surface.  To  test  this  out, 
the  same  oil  was  shaken  up  for  several  hours  with  two  succes- 
sive portions  (20  per  cent  by  weight  each)  of  very  finely  divided 
iron  (made  by  reducing  FeoOj  with  hj'drogen).  The  iron 
was  then  separated  by  centrifuging  and  the  resistance  measure- 
ments repeated,  with  the  results  shown  in  Fig.  12.  It  will 
be  noted  that  the  resistance  rises  to  only  8  per  cent  of  its 
former  value.  This  might,  of  course,  be  due  to  a  decrease  in 
the  specific  resistance  of  the  film,  rather  than  to  a  decrease 
in  thickness,  but  careful  tests  did  not  disclose  any  iron  soaps 
or  suspended  iron  in  the  treated  oil.  It  would  therefore 
appear  that  a  considerable  proportion  of  the  film-forming 
constituents  had  been  removed  by  selective  adsorption  on  the 
large  amount  of  iron  surface  offered  by  the  Fe  by  H.  It  is 
hoped  also  that  by  extraction  of  the  adsorbed  material  plus 
the  oil  held  in  the  pores  and  between  the  particles  of  the  iron, 
followed  by  further  concentration  by  readsorption  on  a  smaller 
amount  of  surface,  it  may  be  possible  to  isolate  and  identify 
the  "essence  of  oiliness"  (?)  thus  separated.  It  will  be  noted 
that  the  oil  thus  treated  showed  an  increase  in  its  static 
coeflBcient  of  friction  (see  Table  I). 

Fig.  12  shows  the  results  of  similar  experiments  with  lard 
oil  and  with  Velocite  B  plus  2  per  cent  stearic  acid,  compared 
with  the  results  on  plain  Velocite  B  plotted  on  a  smaller 
scale. 

It  will  be  noted  that  the  first  two  (which  from  other  ex- 
periments appear  to  possess  the  greater  oiliness)  reach  their 
maximum  resistance  much  more  quickly  than  the  mineral 
oU,  although  its  magnitude  is  much  less.  It- is  obvious, 
however,  that  the  resistance  cannot  be  taken  as  a  direct 
measurement  of  the  thickness  of  the  film  because  of  wide 
variations  in  the  specific  resistance  of  the  different  oil  films, 
which  is,  for  example,  probably  much  greater  for  the  mineral 
oil  than  for  the  other  two.  Neither  is  it  possible  to  calculate 
the  film  thickness  by  assuming  that  the  specific  conductivity 
of  the  adsorbed  film  is  the  same  as  that  of  the  oil  in  bulk, 
because  the  active  constituents  in  the  adsorbed  film  probably 
have  conductivities  of  a  much  higher  order  of  magnitude 
than  the  oil  in  bulk. 

Efforts  were  made  to  arrive  at  a  more  accurate  figure  for 
the  film  thickness  by  measuring  the  electrical  capacity  of 
the  film,  since  the  dielectric  constants  of  different  constitu- 
ents in  the  oil  vary  but  little,  in  marked  contrast  to  their 
conductivities.  This  was  not  found  feasible,  however, 
on  account  of  the  previously  mentioned  disrupting  effect 
of  alternating  electromotive  forces  on  the  adsorbed  films. 
Apparatus  is  now  being  constructed  with  which  it  is  hoped 
to  measure  the  thickness  directly  by  means  of  a  system  of 
mechanical  and  optical  levers.  Meanwiiile,  other  methods 
described  in  the  next  section  were  tried  in  an  effort  to  de- 
termine how  thick  and  adsorbed  films  might  become  under 
favorable  conditions. 

The  Clogginq  of  Metal  Capillaries 

In  view  of  the  above-mentioned  uncertainties  as  to  the 
tluckness  of  the  adsorbed  films,  it  was  thought  that  a  study 
of  the  rate  of  clogging  of  very  fine  metal  cajiillaries,  when  an 
oil  with  film-forming  tendencies  was  run  through  them, 
might  throw  some  light  on  this  subject. 

Experiments  were  first  made  with  capillaries  approximat- 
ing in ,  dimensions  those  in  the  Standard  Saybolt  Viscosim- 
eter,  maintaining  a  small  constant  head  at  all  times.     These 
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results  showed  that  tlie  rate  of  flow  tlirough  glass  and  metal 
capillaries  tended  to  decrease  f^radualiy  over  a  period  of 
hours,  even  though  tlie  teinperatuiv  was  accurately  controlled. 
The  change  was,  however,  less  than  5  |)er  cent,  and  it  was 
difficult  to  control  the  temperature  accurately  enough  to 
distinguish  sharply  between  dififcrent   thicknesses  of  film. 


~1  ^  \ 
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It  did  confirm,  however,  the  presence  of  a  film  of  quite  appre- 
ciable thickness  and  seemed  to  account  for  many  of  the  diffi- 
culties which  have  been  observed  in  attempting  to  get  check 
measurements  on  lubricants  of  high  viscosity  in  the  ordinary 
■\dscosLmeters.  As  a  check,  glass  capillaries  of  the  same  di- 
mensions were  run  in  parallel  and  they  showed  only  a  negli- 
gible clogging  during  the  period  of  the  run. 

In  order  to  magnify  the  effect,  recourse  was  therefore  had 
to  much  smaller  capillaries  (about  0.3  mm.  diameter,  5  mm. 
long)  where  the  thickness  of  the  film  might  become  an  appre- 
ciable part  of  the  total  diameter  of  the  capillary.  In  order 
to  get  an  accurate  comparison  between  different  tj'pes  of 
metals  and  glass,  three  jets  of  almost  identical  dimensions 
were  used  in  parallel  on  the  same  oil  in  all  tests,  the  apparatus 
being  constructed  as  shown  in  Fig.  13,  on  which  all  dimensions 
are  given.  Using  such  small  capOlaries,  it  was  found  that 
the  results  were  quite  erratic  untO  the  oil  was  filtered  through 
2CH)-mesh  wire  gauze  to  remove  all  dust  particles,  etc.,  of  a 
size  Likely  to  affect  the  results. 

Most  of  the  comparisons  were  made  between  capillaries 
of  glass,  steel,  and  brass  of  the  same  dimensions,  through  which 
the  same  oil  flowed  simultaneously.  Observations  of  the 
rate  of  flow  were  made  by  weighing  the  efHux  during  10-min. 
periods.  The  efflux  during  successive  periods  showed  a  marked 
decrease,  as  is  indicated  by  Figs.  14,  15,  and  16.  In  order 
to  make  the  results  comparable  in  spite  of  variations  in  the 
viscosity  of  the  oil,  and  the  precise  size  of  the  capillaries, 
all  the  data  are  plotted  in  terms  of  per  cent  of  the  weight 
flowing  in  the  first  10-min.  period,  before  appreciable  clogging 
had  time  to  take  place,  and  this  initial  flow  was  always  very 
nearly  the  same  for  all  three  capillaries. 

Inspection  of  the  three  figures  indicates,  first,  that  the  rate 
of  clogging  of  the  glass  capillary  was  in  all  cases  very  much 
less  than  that  of  the  metal  capillaries,  indicating  a  less 
tenacious  adsorption  or  a  thinner  adsorbed  fikn.  The  only 
cases  in  which  the  decrease  even  approached  that  of  the  metal 
capillaries  was  where  various  organic  acids  were  added  to 
the  mineral  oil.  The  results  with  the  glass  capillary  do, 
however,  show  that  the  very  rapid  changes  in  flow  are  not 
due  to  any  change  in  the  viscosity  of  the  oU  as  a  whole.  This 
is  also  shown  by  the  fact  that  results  obtained  after  thoroughly 
cleaning  the  capillaries  always  gave  results  which  checked 
the  original  rate  of  flow. 


Proceeding,  then,  to  the  consideration  of  the  results  with 
brass  and  steel,  which  more  nearly  measure  the  specific 
oiline.ss  property  in  which  we  are  interested,  it  will  be  noted 
that  under  the  conditions  of  these  tests,  all  the  oils  build  up 
a  film  of  surprising  thickness,  of  the  order  of  magnitude  of 
0.1  mm.  It  also  indicates  that  the  thickness  of  the  film  is 
greater  for  Velocite  B  than  for  neutral  lard  oil,  and  this  fact, 
coupled  with  the  static  friction  data,  indicates  that  the  thick- 
ness of  the  film,  at  least  under  comparatively  low  shearing 
stresses,  is  by  no  means  the  only  factor  of  importance  in  deter- 
mining the  "oiliness"  of  a  lubricant. 

On  the  other  hand,  the  effect  of  addition  of  agents  such  as 
stearic  acid,  oleic  acid,  and  p-cresol,  which  other  tests  have 
shown  to  be  adsorbed  at  the  metal  surface,  is  uniformly 
found  to  increase  the  rate  of  formation  and  thickness  of 
the  film,  and  in  the  cases  of  the  oleic  and  stearic  acids  to  stop 
the  flow  entirely  after  about  6  hrs. 

The  results  on  the  Velocite  B  treated  with  iron-by-hydrogen 
confirm  the  previous  conclusion  that  this  treatment  removes 
a  considerable  proportion  of  the  film-forming  constituents. 
Similar  treatments  with  fuller's  earth  did  not  affect  the 
thickness  of  the  adsorbed  films  except  possibly  making  a 
slight  decrease  in  the  case  of  glass. 

It  vnll  also  be  noted  that  the  rate  of  building  up  the  film  is 
very  similar  to  that  indicated  by  the  resistance  measurements, 
being  rapid  for  a  few  hours  and  then  flattening  off.  The 
film  thicknesses  are,  however,  undoubtedly  much  greater  in 
the  capillary  experiments  than  in  the  flat  disk  experiments, 
or  in  lubricating  practice,  due  to  the  very  low  rates  of  shear 
in  the  former  case.  Similar  experiments  are  now  being  con- 
ducted at  much  higher  rates  of  shear. 

In  order  to  prove  that  the  clogging  effect  was  due  primarily 
to  a  selective  adsorption  by  materials  which  were  present  in 
relatively  small  proportions,  the  capillaries  were  allowed  to 
soak  in  Velocite  B,  although  the  oil  was  not  passed  tlirough 
the  capilLaries.  Upon  measuring  the  flow  after  a  6-hr.  soaking 
it  was  found  to  be  92  per  cent  of  the  normal  initial  flow,  indi- 
cating that  clogging  under  these  conditions  was  inappreciable 
compared  with  the  amount  which  took  place  when  a  large 
amount  of  oil  was  brought  into  contact  with  the  metal 
surface. 


In  order  to  determine  whether  or  not  this  method  would 
confirm  some  unpublished  results  of  Dr.  A.  E.  Becker,  of  the 
Standard  Oil  Co.,  which  showed  cast  iron  to  be  greatly 
superior  to  wrought  iron  or  magnesium  in  its  film-forming 
properties,  capillaries  were  constructed  of  pure  Armco  iron 
and  of  metalUc  magnesium.  The  results  on  Velocite  B  with  all 
five  of  the  capfllaries  tested  are  showa  in  Fig.  17.    The  iron 
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and  steel  check  very  closely .^whileT  the  magnesium  corre- 
sponds more  nearly  to  glass,  possibly  due  to  the  presence 
of  an  oxide  film  which  partly  saturates  the  normal  free 
field  of  force  of  the  metal. 
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From  a  practical  standpoint,  the.se  experiments  indicate 
the  desirability  of  makinR  viscosimeter  capillaries  from  a 
comparatively  inert  material,  such  as  plass,  quartz  or  agate, 
rather  than  from  metal,  which  apparently  has  a  considerably 
greater  tendency  to  clog  with  ordinary  lubricating  oils. 

Miscellaneous  Experiments 

ADSOKITION    OF    STEARIC    ACID    BY    IROaN'-BY-HYDROQEN — 

In  order  to  throw  further  light  on  the  action  of  the  iron-by- 
hydrogcii  in  removing  some  film-forming  constituents  from 
oil,  and  to  demonstrate  that  the  fatty  acids  were  adsoriied  at 
metal  surfaces,  quantitative  experiments  have  been  in.idc  on 
the  adsorption  of  stearic  acid  from  oils  by  very  active  pyro- 
phoric  iron.  The  iron  powder  was  made  by  reducing  ferric 
hydroxide  gel  with  hydrogen  at  450°  C,  the  process  requiring 
2   "•-  coini)Iete  reduction  at   this   temperature. 

Thi  .1  procedure  con.^isted  in  treating  a  solution 

of  ^''  :i  "Acto,"  a  rather  fluid,  colorless  paraffin 

oil,  with  several  successive  portions  of  pyrophoric  iron, 
allowing  the  solution  to  stand  with  intermittent  shaking  for 
about  21  l,rs.,  whizzing  out  the  suspended  iron  particles,  and 
analyiing  the  n?i(lu:ii  oil  for  stearic  acid.  The  results  of 
•ome  of  these  cxporiinrnts  are  given  as  follows: 

Kxw.  I 

Bliarie  idd  ortglnallr  pr»«n».  p«r  cmt 0  60 

Sttaric  uM  Irft  >tut  tnatint  SO  ».  of  HluUoa  with  10  ■.  of  pyro- 

pbork  iron,  p«r  c*nt 0  28 

SiMric  «ld  nmovcd  ptr  f.  oj  Iron,  gnm o!oi8 


EXPT.    II 

Original  concentration  of  stearic  acid  in  oil,  per  ctnt 1 .  22 

Concentration  left  after  treating  100  g.  of  solution  with  20  g.  of  pyro- 
phoric iron,  per  cent 0.84 

Concentration  left  after  treatment  of  residual  oil  (90  cc.)  with  a  second 

20-g.  portion  of  iron,  per  cent 0.60 

Wt.  stearic  acid  removed  by  first  treatment  (per  g.  of  pjTophoric  iron) , 

gram 0.019 

Wt.  stearic  acid  removed  by  second  treatment  (per  g.  of  pyrophoric 

iron),  gram 0.011 

Some  experiments  were  also  made  in  which  incompletely 
reduced  pjTophoric  iron,  or  pyrophoric  ferrous  oxide,  was  used 
in  lieu  of  the  pyrophoric  iron.  The  oxide  appears  to  possess 
a  much  stronger  affinity  (probably  chemical)  for  the  fatty 
acid  than  the  completely  reduced  metal,  as  is  shown  by  the 
following  results: 


Stearic  acid  originally  present,  per  cent 0.53 

Stearic  acid  left  after  treating  50  g.  of  solution  with   10  g.  of  pyro- 

n     pboric  ferrous  oxide,  per  cent 0.04 

Stearic  acid  removed  per  g,  of  iron  oxide,  gram 0, 025 

Although  careful  tests  were  made,  in  no  case  was  there  any 
evidence  of  the  presence  of  appreciable  amounts  of  iron  stear- 
ate  in  the  solution,  although  it  may  have  been  formed  and 
immediately  adsorbed. 

INCREASE  IN  APPARENT  VOLU.ME  OF  FINELY  DIVIDED  IRON — 

,\  few  tests  were  made  to  determine  whether  or  not  the  pres- 
ence of  the  adsorbed  film  would  increase  the  apparent  volume 
of  finely  divided  iron  after  centrifuging  a  definite  weight  for 
a  definite  time.  The  iron  used  in  this  case  was  very  finely  di- 
vided, but  not  pjTophoric.  The  apparent  volume  of  duplicate 
weighed  samples  centrifuged  from  benzene  checked  within 
about  1  per  cent.  Other  samples  of  equal  weight  shaken  with 
oils  and  centrifuged  25  min.  (much  more  than  necessary  to 
give  suijstantially  constant  volume)- gave  the  following  in- 
creases in  apparent  volume: 

SllAERN  WITH 

Velocite  B,  in  contact  5  hrs.. 


Velocite  B,  in  contact  24  hrs 14 

Acto,  in  contact  24  hrs 8 

Acto  +  2%  stearic  acid,  in  contact  24  hrs 8  + 

CUTTING  TESTS — ^A  few  tcsts  werc  made  to  determine  the 
efTect  of  varying  degrees  of  oiliness  on  the  behavior  of  cutting 
lubricants.  A.  piece  of  mild  steel  was  given  a  deep  rough  cut 
with  a  "stellite"  tool,  taking  due  precautions  to  keep  the  oil 
as  the  only  variable.  There  was  a  marked  difference  in  the 
smoothness  of  the  resulting  cuts,  the  lard  oil  being  the  smooth- 
est, Velocite  B  plus  1  per  cent  stearic  acid  a  close  second, 
plain  Velocite  B  much  rougher,  and  Velocite  B  heated  with 
sulfur  worst  of  all.  Even  more  striking  results  have  recently 
been  obtained  by  Bingham  and  others  at  the  Bureau  of 
Standards. 

While  these  tests  were  a  satisfactory  confirmation  of  the 
])revious  conclusions  as  to  oiliness,  there  seemed  to  be  no  way 
to  make  the  comparisons  quantitative,  and  further  work  was 
accordingly  discontinued. 

METHODS      APPROXIMATING      SERVICE      CONDITIONS — There 

are  three  very  promising  methods  of  investigating  the  effect 
of  oiliness  in  a  manner  approaching  service  conditions,  two 
of  which  were  mentioned  in  the  previous  paper.    They  are: 

1 — Investigation  of  the  effect  of  oiliness  on  the  critical  value 
of  zn/p  in  a  normal  full  bearing.  This  Laboratory  is  now  under- 
taking such  tests  using  a  Sperry  gyro-compass  and  applying 
high  loads  by  processing  the  gyro. 

2 — Investigation  of  the  length  of  time  bearings  will  continue 
to  operate  with  a  moderate  coefficient  of  friction  after  the  oil 
feed  has  been  discontinued.  Viscosity  is  also  a  variable  affecting 
these  results,  but  can  be  practically  eliminated  in  a  scries  of 
comparative  tests  between  oils  of  similar  viscosity  but  varying 
composition. 
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3 — InvestiKiition  of  the  power  losses  in  Rears  under  heavy  loads 
and  lubricated  by  oils."  Some  intcrestinK  results  have  been 
obtained  by  this  method  in  IinKJand,"  which  confirm  the  supe- 
riority of  vegetable  and  animal  over  mineral  oils  under  these 
conditions  of  partial  lubrication. 

'•  Tests  with  greases  arc  not  satisfactory  from  this  standpoint  because 
so  much  of  the  friction  is  in  the  mass  of  grease  itself,  rather  than  between 
the  gear  teeth. 

"  Report  of  Lubricants  and  Lubrication  Committee,  Department  of 
Scientific  and  Industrial  Research,  Advisory  Council,  1920. 
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Comparison  of  the  Standard  Gas  Furnace  and  Micropyrometer 
Methods  for  Determining  the  Fusibility  of  Coal  Ash" 

By  A.  C.  Fieldner,^  W.  A.  Selvig  and  W.  L.  Parker 

Fuels  Chbmical  Labo«.atory,  PtrrsBURGH  Expsrimbnt  Station,  Bhrsau  o?  Minks,  Pittsburgh,  PENNSytvANiA 


Coal  ashes  showing  a  softening  temperature  under  2600  F. 
by  the  gas  furnace  method  can  in  the  majority  of  cases  be  checked 
within  100°  F.  by  the  micropyrometer  method  if  fused  in  a  reducing 
atmosphere  of  combustion  gases  similar  to  that  employed  in  the 
gas  furnace  method.  Some  coal  ashes  will,  however ,  show  consider- 
ably greater  differences  between  the  two  methods. 

Very  refractory  ashes,  showing  a  softening  temperature  above 
2800°  F.  as  determined  by  the  gas  furnace  method,  tend  to  give 
considerably  lower  results  by  the  micropyrometer  method.  The 
great  majority  of  ashes  from  American  coals,  however,  fuse  below 
2800°  F.  in  the  gas  furnace. 

The  two  methods  can  therefore  not  be  considered  as  strictly  al- 
ternate methods  for  all  ashes.  In  general,  the  micropyrometer 
method  shows  a  point  in  the  fusion  process  at  which  the  particles 
become  rounded  and  coalesce.  This  point  agrees  fairly  well  with 
the  "down  point"  of  the  cones  in  the  gas  furnace  method  for  ashes 
of  low  and  medium  fusibility    (up  to  2600°  F.),  since  such  ashes 


form  a  fairly  fusible  slag  of  short  softening  range.  Refractory 
ashes  form  viscous  slags  with  long  softening  intervals;  therefore 
the  down  point  of  the  cone  may  be  from  100°  to  500°  F.  higher 
than  the  fusing  point  as  shown  on  the  platinum  strip. 

The  micropyrometer  method  with  reducing  atmosphere  has  the 
advantage  over  the  gas  furnace  in  being  much  more  rapid  (Jifly 
determinations  can  be  made  in  a  day  of  8  hrs.  as  compared  to 
fifteen  on  the  gas  furnace)  and  in  dispensing  with  the  special  ashing 
of  a  quantity  of  coal.  The  residue  of  the  usual  ash  determination 
is  sufficient  for  tests;  also  it  is  more  comfortable  to  the  operator. 

Some  checl^s  between  different  laboratories  indicate  that  the 
micropyrometer  method  can  probably  check,  itself  in  the  hands 
of  different  operators  as  closely  as  the  gas  furnace  method.  Farther 
work  should  be  done  on  this  phase  of  the  subject. 

It  may  be  advisable  to  adopt  both  methods  as  tentative,  although 
not  alternate  until  such  a  time  as  experience  will  show  which  is 
preferable. 


COAL  ash  is  a  mixture  of  substances  and  therefore  does 
not  have  a  definite  melting  point.  The  fusion  or 
softening  temperature  depends  on  a  number  of  vari- 
ables and  consequently  must  be  empirically  defined  in  order 
that  reproducible  results  may  be  obtained  in  different  labora- 
tories. At  the  present  time  the  American  Society  for  Test- 
ing Materials*  has  tentatively  defined  the  softening  temper- 
ature of  coal  ash  as  the  temperature  at  which  a  triangular 
pyramid  0.75  in.  high  and  0.25  in.  at  each  side  of  base,  mounted 
vertically,  has  fused  down  to  a  spherical  lump  when  heated 
in  the  reducing  atmosphere  of  a  gas  furnace  under  definitely 
prescribed  conditions. 

Recently  Mr.  W.  H.  Fulweiler,  Chemical  Engineer  of  the 
United  Gas  Improvement  Company,  applied  to  coal  ash 
the  micropjTometer  method'  of  determining  the  melting 
points  of  minute  specimens.  The  advantages  claimed  for 
the  micropyrometer  over  the  gas  furnace  method  are  greater 
speed,  convenience,  and  comfort  to  the  operator  iu  making 
fusion  tests.    In  order  to  obtain  data  on  the  comparative 

'  Received  March  20,  1922.  Presented  before  the  Division  of  Industrial 
and  Engineering  Chemistry  at  the  63rd  Meeting  of  the  American  Chemical 
Society,  Birmingham,  Ala.,  April  3  to  7,  1922. 

•  Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines. 
■  Superintendent,  Pittsburgh  Experiment  Station. 

*  "Tentative  Method  for  Determination  of  Fusibility  of  Coal  Ash," 
Proc.  Am.  Soc.  Test.  Materials,  20  (1920),  796. 

»  G.  K.  Burgess,  "A  Micropyrometer,"  Bur.  Slds.,  Bull.  9,  No.  4  (1913), 
475. 


results  by  the  two  methods,  fusion  tests  were  made  on  a 
series  of  coal  ashes  of  varying  fusibUity,  ranging  from  1800° 
to  3000°  F.  by  the  gas  furnace  method. 

Micropyrometer  App.\ratus 

The  micropyrometer  apparatus  as  used  in  making  the  tests 
was  assembled  from  apparatus  available  in  the  laboratory. 
A  diagrammatic  sketch  showing  the  arrangement  of  the 
equipment  for  making  fusion  tests  in  air  is  given  in  Fig.  1. 

The  heating  element  consists  of  a  platinum  strip  4  cm. 
long  X  0.5  cm.  wide  X  0.008  cm.  thick  held  between  the 
iron  rods  h  which  are  connected  through  the  spiral  nichrome 
resistance  coil  t  to  four  storage  battery  cells,  a,  connected 
in  series.  The  maximum  current  required  to  attain  tem- 
peratures as  high  as  2850°  F.  is  45  amp.  From  10  to  15 
amp.  of  the  total  current  are  supplied  from  a  direct  current 
power  line  which  is  connected  through  the  adjustable  rheo- 
stat d  in  parallel  with  the  storage  batteries.  Rheostat  d 
also  serves  as  a  charging  rheostat  in  charging  the  storage 
batteries,  a. 

The  platinum  resistance  strip  i  is  enclosed  in  a  small  alim- 
dum  furnace,  j,  which  is  divided  into  two  parts,  the  upper 
half  of  the  furnace  being  removable  and  provided  with  an 
observation  hole  over  which  is  placed  a  microscope  cover 
glass.  The  furnace  rests  on  the  stage  of  the  microscope  k. 
The  microscope  is  pro^vided  with  a  48-mm.  objective  and  a 
6x  ocular.     The  ocular  contains  a  small,  tungsten,  hairpin 
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filament  lamp  so  adjusted  that  the  filament  coincides  with 
the  image  plane  of  the  eyepiece.  A  piece  of  monochromatic 
red  glass  mounted  in  a  removable  cap  is  slipped  over  the 


FlO.    1 — MlUOPVKOIiBTSK    APPARATUS    POR    DBTBRMINATION    OP    Fu 

BaiTV  or  Coal  Ash 


4  chloride  cell  storage  batteries 
(Type  E-Il).  Electric  Storace 
Baltery  Co. 

Fuse*— 05  amp 

Knife  switch  to  furnace  "J"  (80 
»nip.) 

Cutler  Hammer  charging  rhco- 
ttat  (max.  capacity,  20  amp.) 

Snap  switch 

Fuse* — 2.^  amp. 

Knife  switch — 00  amp. 

'/>-in.  iron  rods  for  holdiuK  plat- 
inum strip  I 

Platinum  strip  4  cm.  X  Vicm.  X 
0.003  in.  thick 

Alunflum  furnace 

Microvopc.  6x  ocular,  4S  mm. 
objective 


It  Tungsten  hairpin  filament  lamp, 
2.6  volts,  0.4  ampere  (Edison 
Mine  Safety  Lamp  bulb,  B.  M, 
10) 

m.  Fixed  resistance  in  parallel  with 
pyrometer  lamp  (28  gage  "Tar- 
nac"  wire  in  Economy  fuse 
plug) 

0.  Two  dry  cells  in  series 

p,  Slide  wire  resistance  coil  (lohm) 
q,  Slide    wire    resistance    coil    (2.8 

ohms) 
r.   Knife  switch 
j,   Milliammcter     (scale,   0   to  750 

milliamperes) 

1,  Spiral  nichrome  ribbon  resistance 

coil  (ribbon  1  >/•  in.  wide,  29  B. 
and  S.  gage) 


top  of  the  eyepiece.  A  removable  cap  containing  a  pinhole 
in  its  center  is  placed  over  the  monochromatic  glass  on  top 
of  the  eyepiece.  The  terminals  of  the  lamp  are  connected 
through  slide-wire  resistances,  p  and  q,  through  the  switch 
r  to  a  milliammcter,  s.  Current  for  the  lamp  is  supplied  from 
two  dry  celLs,  o.  A  fixed  resistance,  m,  con.si.sting  of  resis- 
tance wire  mounted  in  an  Economy  fuse  plug  is  connected 
in  parallel  with  the  pyrometer  lump.  This  resistance  is 
80  adju.-ilcd  as  to  give  the  maximum  deflection  on  the  milli- 
ammcter for  the  temperature  range  for  which  the  pjTometer 
lamp  is  calibrated. 

Metal  Furnace  for  Reducing  Atmosphere 

For  obtaining  a  reducing  atmosphere  surrounding  the  ash 
an  airtigCit  cylindrical  brass  furnace  shown  in  Fig.  2  was 
made.  The  inlet  tube  of  the  brass  furnace  was  connected 
by  means  of  rublx^r  tubing  through  a  bottle  to  catch  eon- 
den.scd  wiitrr,  to  a  porcelain  tul)e  which  was  inserted  in  a 
smidi  Mf^ker  mufBc  furnace.  Tlie  muffle  furnace  was  modi- 
fied by  removing  the  muffle  and  replacing  it  with  a  porous 
olundum  tube  about  1.25-in.  internal  diameter.  The  open 
front  of  the  furnace  around  the  alunduin  tube  was  closed  with 
alunduin  cement.  A  small  disk  of  alundum  cement  was 
inserted  into  the  projecting  end  of  the  alundum  tube  and  the 
porcelain  tul*  inserted  throiigli  a  small  hole  in  the  center  of 
the  disk  into  the  furnace.  The  furnace  wjis  heated  by  means 
of  a  M<'kcr  blast  burner  to  a  temperature  of  about  900° 
C.  To  in.><ure  an  exc&Hs  of  reducing  gases  the  furnace  was 
operate*!  n„  i.s  to  have  a  flame  of  about  3  to  5  in.  issuing  from 
the  top  of  the  chimney.  The  gas  from  the  muffle  furn.ice 
was  aspiratctl  through  the  met;il  p>Tometer  furnace  by  con- 
necting to  a  Chapman  water  pump  through  a  Mariotte  flask 
and  a  fla.sk  containing  water  t  hrough  wliich  the  gas  was  bubbled 


to  indicate  the  rate  of  flow.  Samples  of  gas  as  delivered  into 
the  metal  pyrometer  furnace  were  taken  at  various  times  when 
the  M^ker  furnace  was  operated  under  the  conditions  de- 
scribed, and  the  analyses  of  the  gas  samples  showed  that 
its  composition  remained  very  uniform.  As  considerable 
water  condensed  in  the  tubes  connecting  the  metal  pyrometer 
furnace  to  the  M^ker  gas  furnace,  the  water  content  of  the 
gas  delivered  into  the  pjTometer  furnace  was  calculated  by 
assuming  the  gas  to  be  saturated  with  water  vapor  at  the 
temperature  at  which  it  was  collected.  The  analyses  of  the 
gas  samples  are  given  in  Table  I. 

Tablb  I — Composition    op    Fornacb    Atmosphere    Used    tN    Maeino 

micropyrometbr  fusibility  tests  in  rsducino  atmosphere  op 

Combustion  Gases 


>LE  No.      COl 

Oi 

HiO 

Hi 

CO 

CH, 

Ni 

1  5.7 

2  S.6 

3  6.6 

4  5.2 

5  6.2 

0.5 
0.2 
0.4 
0.3 
0.4 

2.7 
2.7 
2.7 
2.7 
2.7 

7.5 
8.1 
7.6 
8.5 
7.4 

8.7 
8.8 
7.0 
9.3 

7.4 

0.9 
0.6 
0.0 
0.9 
0.0 

74.0 
74.0 
75.7 
73.1 
75.9 

Av.           5.9 

0.4 

2.7 

7.8 

8.2 

0.5 

74.5 

Total  oxidizing  gases 
Total  reduciuK  gases 

(COi  +  Oi  +  H2O) 
(H,  +  CO  +  CH.) 

=-     9 
=    16 

0 
5 

per  cent 
per  cent 

Ratio  of  reducing  gases  to  oxidizing  gases   =»  65  :  35 

Experimental  work  done  by  the  Bureau'  with  hydrogen 
and  water  vapor  mixtures,  and  carbon  monoxide  and  carbon 
dioxide  mixtures  indicate  that  the  gas  mixture  need  only 
be  controlled  between  30  and  70  per  cent  reducing  gas  to 
insure  the  lowest  softening  temperature  of  coal  ash.  The 
ratio  of  reducing  gases  to  oxidizing  gases  (65:35),  as  shown  in 
the  average  analysis  of  the  gas  used  in  the  brass  micro- 
pjTometer  furnace,  comes  within  these  limits. 

Calibration  of  Pyrometer  Lamp 

The  pjTomelcr  lamp  was  calibrated  and  checked  at  fre- 
quent intervals  by  melting  small  portions  of  pure  gold,  diop- 
side,  and  palladium  on  the  platinum  strip  of  the  micropyrom- 
eter  furnace.  The  lamp  filament  was  matched  against 
a  clean  spwt  on  the  platinum  adjoining  the  fused  material. 


SSCT/ON /f./r. 


3000 


.'^fT/lL  FURNflCE  fOR  R£DUCJNQ  /JTMOSPHeR£ 
Fio.  2 — Metal  Furnace  and  Reducing  Atmosphere 


•  A.  C.  Fieldner.  A.  E.  Hall  and  A.  L.  Feild,  "The  Fusibility  of  Coal 
Ash  and  the  Determination  of  the  Softening  Temperature,"  Bur,  Mines,  BuU. 
11*  (1918),  49,  63. 
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The  same  procedure  was  followed  in  determining  the  fusion 
point  of  the  coal  ash.  A  calibration  curve  was  drawn  through 
the  tliree  points  obtained  with  gold,  diopside,  and  palladium. 


Fio.  3 — Graphic  Rspkbssntation  op  Variations  op  Fosibhity  op 
Coal  Ash  as  Dbtbruinbd  by  Micropyromhter  Mbthod  in  Air  and  Gas 
FuRNAcB  Method 

the  temperatures  required  to  melt  these  substances  being 
taken  as  1063°,  1391°,  and  1549°  C,  respectively. 

Method  of  Making  Fusibility  Tests  in  Oxidizing 
Atmosphere  of  Air 

The  coal  ash  remaining  from  the  determination  of  ash 
in  the  proximate  analysis  of  the  coal  was  ground  to  an  impal- 
pable powder  in  an  agate  mortar.  A  portion  of  the  finely 
ground  ash  was  moistened  with  distilled  water  and  a  small 
amount  transferred  by  means  of  a  glass  rod  drawn  to  a  point 
to  a  piece  of  platinum  foil  about  3  mm.  square.  One  corner 
of  the  platinum  foil  was  turned  up  so  it  could  be  readily 
picked  up  with  a  pair  of  forceps.  The  platinum  foil  with 
the  ash  was  placed  on  the  platinum  heating  strip  and  ad- 
justed so  as  to  be  in  the  center  of  the  field  of  the  microscope. 
The  upper  part  of  the  furnace  was  put  in  place  and  the  ob- 
servation hole  covered  with  a  microscope  cover  glass.  The 
temperature  was  raised  by  means  of  the  resistance  t  until 
the  ash  showed  distinct  fusion  under  the  microscope.  The 
temperature  reading  was  taken  by  adjusting  the  current 
tlirough  the  pyrometer  lamp  by  means  of  the  slide  ^ire 
resistances  p  and  q  until  the  tip  of  the  lamp  filament  dis- 
appeared when  focused  against  a  clean  spot  on  the  platinum 
foil  near  the  fused  coal  ash.  The  temperature  of  the  plati- 
num heating  strip  could  be  raised  by  proper  manipulation 
of  rheostat  t  with  one  hand,  and  at  the  same  time  the  current 
going  through  the  pjTometer  lamp  could  be  adjusted  by 
manipulating  the  sMde  wire  resistances  p  and  q  with  the 
other  hand. 

The  point  taken  as  the  fusion  point  of  the  ash  was  that 
at  which  the  irregular-shaped  aggregates  of  ash  particles 
showed  a  well-defined  rounding  under  the  microscope.  Care 
should  be  taken  that  the  fusion  point  is  not  confused  with 
a  sintering  of  the  ash,  and  in  case  of  doubt  it  should  be  ex- 
amined after  the  determination  at  a  higher  magnification 
than  that  used  in  making  the  determinations. 

Method  of  Making  Fusibiutt  Tests  in  Reducing 
Atmosphere  of  Combustion  Gases 

After  the  ash  sample  had  been  placed  on  the  platinum 
heating  strip  of  the  brass  micropyrometer  furnace,  the  com- 
bustion gases  generated  in  the  M^ker  furnace  were  rapidly 
aspirated  through  the  brass  furnace  for  5  min.,  after  which 
the  gas  flow  was  regulated  to  3  to  4  bubbles  per  sec.  and  the 
fusibihty  determination  made  in  the  manner  described. 


Co.MPARISON    OF    MiCROPYROMETER   AND   GaS   FuRNACE 

Results 

In  order  to  compare  the  results  obtained  with  the  micro- 
pyrometer  in  both  oxidizing  and  reducing  atmospheres  with 
the  fusibility  as  determined  by  the  gas  furnace  method, 
representative  coal  ashes  covering  a  wide  range  of  fusibility 
were  selected. 

The  tentative  metliod  for  the  determination  of  fusibility 
of  coal  ash  adopted  by  the  American  Society  for  Testing 
Materials'*  consists  of  heating  finely  ground  coal  ash,  molded 
into  triangular  cones,  0.75  in.  high  and  0.25  in.  at  each  side 
of  the  base,  at  a  rate  of  heat  increase  of  not  less  than  5°  or 
more  than  10°  C.  per  min.  in  a  pot  furnace,  with  proper 
regulation  of  air  and  gas  so  as  to  obtain  an  atmosphere  suffi- 
ciently reducing  to  reduce  the  ferric  oxide  in  the  coal  ash 
principally  to  ferrous  oxide,  which  conditions  give  the  lowest 
temperature  at  which  fusion  occurs.  The  point  taken  as 
the  fusion  point  is  designated  as  the  "softening  temperature," 
and  is  defined  as  tlie  temperature  at  which  the  cone  has  fused 
down  to  a  spherical  lump. 

For  convenience  the  coal  ashes  selected  were  subdivided 
into  three  groujw  according  to  the  "softening  temperatures" 
obtained  with  the  gas  furnace  method: 

Easily  fusible  ashes,  softening  below  2200°  F. 

Ashes  of  medium  fusibility,  softening  between  2200°  and  2600°  F. 

Refractory  ashes,  softening  above  2600°  F. 

The  coal  ashes  were  run  by  the  gas  furnace  method  and 
by  the  micropyrometer  method  in  an  o.xidizing  atmosphere 
of  air  and  in  a  reducing  atmosphere  of  combustion  gases. 
The  variations  of  the  micropyrometer  determinations  in 
an  oxidizing  atmospliere  of  air  from  the  gas  furnace  deter- 
mination are  given  in  Fig.  3.  The  variations  of  the  micro- 
pyrometer determinations  in  a  reducing  atmosphere  of  com- 
bustion gases  from  the  gas  furnace  determinations  are  given 
in  Fig.  4.  In  a  few  instances,  with  the  very  refractory 
ashes,  sufficiently  high  temperatures  were  not  attained  in 
the  gas  furnace  to  reach  the  "softening  temperature"  of 
the  ash  samples,  although  these  ashes  were  fused  by  the 


Fig.  4 — ^Graphic  Rsprbsentation  op  Variations  op  Fosibility  op 
Coal  Ash  as  Dbtbrhinbd  by  Micropyrohstbr  Method  in  Rbducino 
Atmosphbrb  of  Combdstion  Gases  and  Gas  Furnace  Method 

micropjTometer  method.  Such  ashes  are  indicated  in  the 
figures  by  a  cross  sign  (X),  and  the  differences  between  the 
methods  is  greater  than  that  indicated. 

It  will  be  noted  that  with  easily  fusible  coal  ashes,  soften- 
ing imder  2200°  F.,  the  micropyrometer  method  with  an 
oxidizing  atmosphere  of  air  gives  much  higher  results  than 
the  gas  furnace  method,  but  that  when  the  same  ashes  are 
run  by  the  micropyrometer  method  in  a  reducing  atmosphere 
of  combustion  gases  much  closer  checks  are  obtained  between 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  8 


the  gas  furnace  and  micropyrometer.  With  ashes  of  medium 
fusibility  and  refractory  ashes  there  is  no  marked  difference 
between  the  results  obtained  with  the  micropyrometer  method 
in  oiddizing  or  reducing  atmospheres. 

The  consistently  high  results  obtained  on  easily  fusible 
ashes  when  fused  by  the  micropjTometer  method  in  air  are 
unquestionably  due  to  the  high  iron  content  of  such  ashes, 
which  necessitates  careful  consideration  of  the  atmosphere 
in  which  the  ashes  are  fused.  An  oxidizing  atmosphere  will 
oxidize  the  iron  to  the  ferric  state,  which  gives  more  refractory 
silicates  than  are  obtained  when  the  iron  is  reduced  prin- 
cipally to  the  ferrous  state,  a  condition  which  results  in  the 
reducing  atmosphere  of  the  gas  furnace  method.  Fig.  4 
shows  that  much  closer  checks  on  the  easily  fusible  ashes 
are  obtained  between  the  micropjTomet«r  and  gas  furnace 
when  an  atmosphere  similar  to  that  obtained  in  the  gas  fur- 
nace is  used. 

It  will  be  noted  that  with  the  very  refractory  ashes  the 
micropyrometer  method  tends  to  give  lower  results  than  the 


1-t 


Vxo.  8 — GiArnic  R«prbs«ntatioh  o»  Variations  or  FusiaaiTY  o» 
Coal  Asb  as  DmiRiiiNSD  by  Mickopykoustbr  Method  in  Rsducino 
ATMOiruSRi  or  Combustion  Casks  and  "Initiai.  Dbpormation  Tbmpsr- 
ATT»<"  or  Gas  Furnacr  MsTnoo 

gas  furnace.  This  difference  appears  to  be  the  greatest  in 
ashes  fusing  above  2800°  F.  in  the  gas  furnace.  A  number 
of  such  ashes  were  made  into  cones  and  heated  in  the  gas 
furnace  just  up  to  the  tcmi)erature  where  fusion  was  evident 
by  tlir  micropjToiiioter  method,  after  which  the  cones  were 
examined  under  a  microscope.  Although  sufficient  fusion 
had  noj  resulted  to  cause  the  cones  to  assume  a  spherical 
shape,  the  ash  of  the  cones  had  a  fused  appearance  when 
examined  under  the  micro.seope.  In  some  cases  the  cones 
still  retained  their  original  shape.  Owing  to  its  complex 
composition  coal  ash  has  no  definite,  sharply  defined  melting 
point.  When  subjected  to  heat  there  i.s  a  distinct  tempera- 
ture interx'al  in  the  gas  furnace  method  between  the  time 
wliPn  the  ash  cone  first  shows  an  indication  of  fusion  ."is 
evidenced  by  the  rounding  or  bending  of  the  tip  and  the 
time  when  tiie  material  has  become  sufficiently  fluid  to  flow 
down  to  a  splicrical  lump. 

With  highly  refractory  ashes  there  is  sufficient  fusion  of 
eufcctic  mixturoM  to  give  a  distinctly  fused  apixjarance  under 
thr  r  ■'  -  liut  at  such  temperatures  with  the  conn 
met  ■    unfused  material   is  present  to  prevent 

any  n.-ition  of  the   cone.     However,   the  hirno 

majority  oi  coul  ii-shc.s  fuse  by  the  gas  furnace  method  below 
2800°  F.,  and  Ihi-  pxlri'mo  variations  shown  in  Figs.  3  and  1 
represent  i  .  "  Siry  coal  a.shes. 

Fig.  ."J  ii'  iR'twoen  the  temperatures  ;it 

which   fuvi.  !  the  micropyrometer  mcfiiod 

in  a  reducing  atmosphere  ot  combustion  gases  and  the  "initial 


deformation  temperature"  of  the  gas  furnace  method,  the 
temperature  at  which  the  first  indication  of  fusion  is  observed 
as  indicated  by  the  rounding  or  bending  of  the  apex  of  the 
ash  cones.  With  the  majority  of  coal  ashes  the  micropjTom- 
eter fusion  point  is  higher  than  the  "initial  deformation 
temperature"  of  the  gas  furnace,  although  it  will  be  noted 
that  very  refractory  coal  ashes  will  show  distinct  fusion  under 
the  microscope  at  temperatures  lower  than  the  "initial  de- 
formation temperature"  of  the  gas  furnace. 

Results  of  Check  DEXERinNATioNS  by  Different 
Laboratories 

Five  samples  of  coal  ash  covering  a  wide  range  of  fusi- 
bility, from  2000°  to  3000°  F.,  as  determined  by  the  gasjfur- 
nace  method,  were  sent  to  eight  laboratories  for  fusibility 
determinations.  Five  laboratories  determined  the  ash  fusi- 
bility by  the  gas  furnace  method  of  the  American  Society 
for  Testing  Materials,  and  three  laboratories  determined 
ash  fusibility  by  the  micropyrometer  method  in  an  oxidizing 
atmosphere  of  air.  The  laboratories  were  asked  to  submit 
the  first  three  results  obtained  on  each  ash  and  not  to  run 
duplicate  determinations  at  the  same  time.  The  individual 
laboratories  checked  themselves  closely  on  each  ash,  and  in 
this  respect  there  is  no  apparent  difference  between  the 
two  methods,  as  indi\idual  operators  can  check  within  50° 
F.  on  duplicate  determinations.  The  average  values  re- 
ported by  the  different  laboratories  are  given  in  Table  II. 
Further  checks  between  different  laboratories  should  be 
made  with  the  micropjaometer  method  in  a  reducing  atmos- 
phere of  combustion  gases  comparable  to  that  of  the  gas 
furnace. 

Table  II — Avsragb  of  Threb   Fusibility   Tests  by  Difpbrbnt  Lab- 
oratories ON  Five  Standard  Coal  Ashes  by  Gas  Furnace  Method 
AND  Micropyrometer  Method  in  Oxidizing  Atmospherb  op  Air 


Gas  Furnace  Method 


Laboratory 


2060 
2050 
2000 
2060 
2000 
2030 


Ash  2 
"F. 
2320 
2350 
2270 
23S0 
2220 
2310 


Ash  3 
"F. 
2500 
2480 
2420 
2550 
2370 
2460 


2730 
4-2660 
2610 
2740 
2580 
+  2660 


Micropyrometer  Method,  in  Air 

2180      2280  2340      2500 

2260      2330  2360      2610 

2250      2350  2440      2550 

2230      2320  2380      2550 


+2900 

+2640 

2800 

3000 


2620 
2750 
2600 
2660 


News  from  Canada 

That  the  foundation  of  scientific  control  lies  in  good  will  and 
intelligent  cooperation  is  the  view  of  leading  men  in  Canada's 
pulp  and  paper  industry.  This  was  strongly  evidenced  at  the 
summer  meeting  of  the  Technical  Section  of  the  Canadian  Pulp 
.ind  Paper  Association,  held  at  Iroquois  Falls,  Ontario,  June  19 
to  22,  as  guests  of  the  Abitibi  Power  and  Paper  Company. 

The  Abitibi  Company  employs  1125  men,  makes  more  news- 
print a  day  than  any  other  mill,  and  operates  the  largest  machines 
in  the  world.  Twenty  feet  is  quite  a  width  to  make  a  sheet  of 
newspaper  and  to  keep  flat  so  that  it  will  nm  smoothly  on  the 
big  fast  presses,  but  the  Abitibi  people  are  running  two  of  this 
size  at  the  rate  of  G.'iO  ft.  a  minute,  and  their  output  would  cover 
a  six-acre  field  in  10  min. 

One  of  the  most  important  parts  of  this  plant  is  the  Service 
Department,  which  includes  the  science  part  of  the  business. 
.\t  the  time  of  our  visit  the  laboratories  were  working  on  cymene, 
sulfur,  and  uniformity  of  product.  This  department  is  also  the 
educational  agent,  and  maintains  a  well-equipped  classroom 
where  night  school  is  carried  on  and  production  records  are  shown 
by  means  of  lantern  slides. 


Bids  for  the  construction  of  the  chemical  building  of  Loyola 
College,  Baltimore,  Md.,  have  been  received,  and  announcement 
of  the  awarding  of  the  contract  is  expected  in  the  near  future. 
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Nitrogen  Fixation  by  the  Cyanide  Process" 


By  F.  E.  BarteU 
Univsbsity  or  Michioan,  Amn  Arbor,  Michioan 


An  earlier  paper  has  described  the  production  of  ammonia  by 
the  sodium  cyanide  method.  The  present  paper  deals  with  the 
study  of  the  cyanizing  end  of  the  ammonia  process. 

The  results  gioen  in  this  paper  were  obtained  with  4-in.  batch 
retorts  with  a  capacity  of  8  lbs.  of  briquets  and  with  technical  sized 
8-in.  continuous  retorts,  with  a  maximum  cyanizing  capacity  of 
not  less  than  50  lbs.  of  cyanized  briquets  per  hr. 

In  studying  the  progress  of  the  cyanizing  reaction  in  the  4-in. 
retorts,  the  retort  was  arbitrarily  divided  into  fioe  zones,  heated  to 
approximately  the  same  temperature,  and  the  extent  of  reaction  in 
the  zones  was  compared.  The  amount  of  cyanide  formed  in  each 
zone  was  largely  dependent  on  the  concentration  of  carbon  monoxide 
gas  in  that  zone,  a  high  concentration  of  the  gas  holding  down  cyanide 
formation. 

Some  of  the  carbon  used  in  cyanide  formation  came  from  decom- 
position of  carbon  monoxide.  Iron  used  in  the  original  mixture 
was  oxidized  to  Fe^Os  and  Fe^Oi,  during  the  process  of  mailing  and 
drying  the  briquets.  The  reduction  of  this  oxide  during  the  cyan- 
izing process  was  slight  in  the  upper  heat  zones,  eoen  though  it  was 


in  the  presence  of  carbon  and  carbon  monoxide  at  1000°  C.  Tht 
repression,  which  is  much  as  would  be  expected  from  a  system  higher 
in  carbon  dioxide  content,  is  being  studied  further. 

The  paper  also  records  large-scale  work.,  in  which  3-  to  12-day 
runs  were  made.  The  work.  ""Js  done  in  8-hr.  shifts  and  yields 
were  based  on  the  performance  of  each  shift.  A  normal  production 
of  7  to  8  lbs.  of  sodium  cyanide  per  retort  per  hr.  was  obtained, 
and  this  was  finally  increased  to  as  high  as  12.19  lbs.  per  retort 
per  hr. 

Conseroatioe  cost  estimates  showed  that  ammonia  could  be  pro- 
duced by  this  method  for  approximately  30  cents  per  lb.,  which 
represented  a  cost  of  cyanide  production  in  briquets  of  approxi- 
mately 10  cents  per  lb. 

Just  before  the  Armistice,  the  method  for  the  fixation  of  nitrogen 
as  cyanide  and  the  subsequent  conoersion  of  cyanide  into  ammonia 
and  nitrates  had  been  developed  to  a  point  where  positive  results 
were  assured.  At  that  time  preliminary  plans  were  actively  under 
way  by  the  War  Department  for  the  construction  of  a  plant  for 
the  fixation  of  nitrogen  by  this  process. 


LATE  in  1917  the  author  of  this  paper  was  assigned 
by  the  Nitrate  Di%'ision  of  the  Ordnance  Depart- 
ment to  study  the  Bucher  process  for  the  fixation 
of  nitrogen,  and  to  attempt  the  development  of  a  process 
byXwhich  cyanide  formed  thereby  could  be  converted  into 
ammonia  and  ammonium  nitrate.  The  latter  part  of  this 
work  has  already  been  described  in  a  pre\'ious  paper.'  In 
that  paper  it  was  shown  that  the  conversion  of  cyanide  to 
ammonia  could  be  satisfactorily  accomplished.  It  was 
known,  however,  that  the  cost  of  cyanide  production  with 
the  process  as  developed  at  that  time  would  be  high;  con- 
sequently a  research  was  organized  to  study  the  cyanizing 
end  of  the  ammonia  process.*  This  work  was  to  be  carried 
on  simultaneously  with  the  ammonia  research. 

Experimental  work  on  the  cyanizing  of  briquets  was  begun 
in  the  laboratories  of  the  Nitrogen  Products  Company  at 
Greene,  R.  I.,  early  in  April  1918,  and  was  continued  until 
the  middle  of  November  of  that  year. 

In  general,  the  plan  of  the  investigation  was  along  the 
following  lines: 

1 — A  study  of  different  types  of  coke  and  a  comparison  of  their  re- 
activity and  suitability  for  the  production  of  cyanide. 

2 — A  study  of  the  effect  of  different  compositions  of  briquet  material. 
3 — Rate  of  reaction  and  chemical  equilibria  involved. 


>  Received  February  28,  1922. 

»  This  article  is  printed  with  the  approval  of  the  Chief  of  Ordnance, 
U-  S.  A.,  also  with  the  approval  of  Mr.  Edward  E.  Arnold,  President  of  the 
Nitrogen  Products  Company.  The  author  wishes  to  acknowledge  the  able 
assistance  rendered  by  his  associates  in  this  work,  all  of  whom  should 
share  equally  with  him  any  credit  which  may  arise  from  it. 

The  men  in  charge  of  the  more  important  phases  of  this  work  were: 
Mr.  Donald  V.  Lowe  (formerly  Lieut.,  Ord.  Dept.,  U.  S.  A.).  Mr.  H.  E. 
Kaiser,  Mr.  O.  E.  Madison,  Mr.  Paul  A.  Eeene,  Mr.  E.  J.  Bird,  Mr.  G. 
H.  Loselle,  and  Mr.  L.  A.  S.  Rapin  (chemists  and  chemical  engineers). 

•  This  JonRNAt,  14  (1922),  516. 

«  During  1918,  a  10-ton  per  day  plant  was  built  under  the  direction  of 
the  Bureau  of  Mines  for  the  War  Department.  This  plant  was  completed 
just  about  the  time  of  the  Armistice,  so  that  little  had  been  done  along 
the  line  of  obtaining  data  during  actual  operation  of  the  process.  Brown, 
This  JotjRNAi,,  11  (1919).  1010. 


4 — Progress  of  reaction  in  technical  sized  units. 

5 — Application   of  above   findings  to  commercial   operation. 

A  method  for  the  preparation  of  sodium  cyanide  by  the 
Bucher  process  was  described  in  detail  in  This  Journal 
in  1917.^  According  to  the  author  of  that  paper,  the  proc- 
ess was  one  which  should  offer  practically  no  difficulties 
either  chemically  or  mechanicallj',  even  when  carried  out 
on  a  large  scale.  It  was  pointed  out,  also,  that  the  process 
"makes  use  of  the  crudest  things  such  as  coke,  producer  gas" 
— soda  ash  and  also  some  iron  which  is  supposed  to  function 
as  a  catalyst.  It  was  further  stated  that  we  "can  use  pro- 
ducer gas  just  as  well  as  nitrogen"  and  that  the  process  could 
best  be  carried  on  at  a  temperature  of  from  900°  to  950°  C. 
The  reaction  is  shown  by  the  following  equation: 

NajCOj  -h  Nj  =  2NaCN  4-  SCO  -  138500  cal. 

It  was  discovered  early  in  our  work  that  the  process  offered 
no  serious  difficulties  chemically,  but  that  much  room  re- 
mained for  improvements  mechanically.  It  was  seen  that 
owing  to  the  reversibility  of  the  various  reactions,  close 
correlation  between  the  progress  of  the  chemical  reactions 
and  mechanical  treatment  was  necessary  in  order  to  obtain 
high  yields. 

When  properly  treated  the  precise  nature  of  the  coke 
used  made  little  difference  in  the  maximum  jdeld  of  sodium 
cyanide. 

The  exact  proportions  of  the  carbon,  soda  ash,  and  iron 
in  briquets  was  of  far  less  importance  than  was  the  exact 
manner  of  bringing  these  constituents  together  and  of  their 
later  treatment.  The  existing  chemical  equilibria,  especially 
the  equihbria  dependent  upon  the  concentration  of  the  com- 
ponents of  the  gaseous  phase,  was  of  the  greatest  importance. 

In  a  continuous  process,  the  length  of  time  of  heating  was 
highly  important.  Large  retorts,  externally  heated,  offered 
a  serious  problem,  owing  to  the  low  thermal  conductivity 
of  the  reactive  mass  coupled  with  the  fact  that  the  reaction 
is  endothermic. 

»  Bucher,  Tms  Jodrnai.,  9  (1917),  233. 
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cent.  Average  =  29.9.3  per  cent.  (This  represented  an 
average  conver.sion  of  approximate!}-  S2  per  cent  of  the 
sodium  carbonate  originally  present.)  These  figures  rep- 
resent just  about  the  limits  of  variability  of  the  results 
obtained  in  the  small  scale  work  described  in  this  paper. 


OoTUNE  OF  Work 
Three  lines  of  work  were  carried  on  Simultaneously: 

1 In  the  chemical  laboratory  experiments  were  conducted 

in  a  1-in.  iron  retort  about  3  ft.  in  length,  with  a  heat  zone  of 
■bout  2  ft.  This  retort  was  heated  in  a  small  Fletcher  gas 
furnace. 
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ViBWS  OP  1UE  EXPCRXUfiNTAL  CyANIZINO  PLANT,  GRBGNh,  R.  1. 


2 — Small  scale  work  was  carried  on  with  4-in.  iron  retorts 
4.5  (t.  in  lenKth  with  a  heat  zone  of  approximately  3  ft.  The 
capacity  of  these  retorts  was  approximately  8  lbs.  of  briquets. 
Experiments  with  these  retorts  were  carried  on  in  a  manner 
closely  conforming  to  actual  operation  of  a  technical  sized  unit. 

3 — Two  technical  sized  units,  quite  similar  to  those  in  the 
Saltville  plant,  were  installed,  and  all  significant  findings  from 
the  small  scale  work  were  applied  in  runs  with  these  larger  units. 

The  main  object  of  the  present  paper  is  to  outline  the  re- 
sults obtained  in  the  actual  operation  of  a  teclmical  unit; 
accordingly,  only  results  obtained  in  work  under  divisions 
2  and  3  will  be  given.  A  more  exact  study  of  the  complete 
chemical  equilibria  of  the  process  (part  1)  was  not  quite 
completed  at  the  time  of  the  conclusion  of  the  work  at  Greene. 
The  author  has  since  continued  this  work.  A  separate 
paper  covering  this  phase  will  foUow  later. 

Small  Scale  Work  with  4-1  n.  Batch  Retorts 

In  this  small  scale  work,  4-in.  retorts  4.5  ft.  in  length  were 
used.  Thc,><c  retorts  were  supported  vertically  in  the  furnace 
and  were  heated  to  a  temperature  of  approximately  10.%°  C. 
by  means  of  oil  burners.  By  a  proper  arrangement  of  baffles 
at  the  bottom  of  the  furnace  the  hot  gases  were  deflected 
in  such  a  way  as  to  result  in  a  fairly  uniform  distribution  of 
heat  throughout  the  furnace. 

In  order  to  study  intelligently  the  progress  of  a  cyanizing 
reaction,  it  was  first  neces.sary  to  know  to  what  extent  it 
was  possible  to  obtain  duplicate  results  in  different  experi- 
ments. A  series  of  experiments  was  planned  in  which  opera- 
tions were  practically  identical  in  each  case. 

The  first  fifteen  cx|Joriments  with  the  4-in.  retorts  gave 
a  variability  of  sodium  cyanide  formed  in  the  briquets  rang- 
ing from  10.1  to  32.7  per  cent.  The  average  for  the  fifteen 
experiments  was  lfi.7  per  cent.  This  represents  about  the 
limit  of  variability  in  practice  when  the  system  is  not  under 
rigid  control.  After  many  runs,  during  which  all  factors, 
such  as  tci'ipcrature  control,  rate  of  gas  flow,  method  of 
placing  nialcrial  in  retort^s.  uniformity  of  briquet.s,  method  of 
sampling,  etc.,  were  brought  under  control,  results  could 
be  more  closely  duplicated.  .\s  an  example,  a  series  of  five 
successive  nins  gave  29.40,  31.05,  29.05,  32.15,  28.60  per 


Also  this  variability  represents  just  about  the__ limits  obtained 
in  our  best  large  scale  work. 

The  composition  of  the  briquets  used  in  practically  all 
the  experimental  work  described  below  was  approximately: 
50  per  cent  C,  38  per  cent  Na2C05,  and  12  per  cent  Fe,  which 
upon  oxidation  of  the  iron  became  48  per  cent  C,  36.5  per 
cent  NaiCOs,  and  16.5  per  cent  Fe304. 

A  petroleum  coke  of  the  following  composition  was  used 
in  making  the  briquets:  Carbon  =  96.95  per  cent;  moisture 
=  0.56  per  cent;  volatile  matter  =  1.01  per  cent;  ash  = 
1.48  per  cent. 

The  length  of  the  entire  heat  zone  of  the  retort  was  35  in. 
After  each  run  the  briquets  were  carefully  removed  from 
the  retort  so  as  to  give  as  nearly  as  possible  five  equal  por- 
tions from  this  heat  zone  (7  in.  each),  as  indicated  in  Fig.  1. 
An  analysis  was  made  on  a  uniform  sample  from  each  portion. 

In  carrying  out  the  experiments  the  same  volume  of  bri- 
quets was  used  in  each  run;  the  briquets  were  added  until 
they  extended  from  the  lower  limit  of  Zone  5  to  the  upper 
limit  of  Zone  1.  By  adopting  this  method  a  slight  differ- 
ence in  weight  at  times  resulted — due  to  the  slight  differ- 
ences in  physical  properties  of  the  briquets  and  the  manner 
of  packing  in  the  retort.  The  average  weight  of  briquets 
introduced  was  approximately  7  lbs.  The  variation  from 
this  weight  was  probably  in  no  case  greater  than  about  2 
per  cent. 

In  carrying  out  a  run  the  briquets  were  placed  in  the  retort, 
the  burners  turned  on,  and  the  furnace  gradually  brought  to 
a  temperature  of  approximately  1060°  C.  witliin  a  30-min. 
period.  An  attempt  was  made  to  hold  the  temperature  of 
the  retort  at  1050°  C,  but  owing  to  passage  of  nitrogen  gas 
through  the  retort  and  to  heat  radiation  from  the  furnace, 
there  was  a  temperature  gradation  within  the  retort  of  from 
approximately  1050°  C.  in  Zone  4  to  approximately  1020°  C. 
in  Zone  1.  As  soon  as  the  furnaces  reached  the  desired 
temperature  the  time  was  taken  as  the  beginning  of  a  run. 
A  definite  though  small  volume  of  nitrogen,  which  was 
passed  through  a  p.\Togallate  solution  to  remove  oxygen, 
was  forced  upward  through  the  retort  from  the  beginning 
of  the  heating.  At  the  beginning  of  a  run,  a  definite,  larger 
volume  was  passed. 
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Progress  of  Reaction 

In  this  study  160  individual  runs  were  made.  These 
runs  were  planned  so  as  to  cover  time  intervals  of  0.5  hr., 
1  hr.,  1.5  hrs.,  and  2  hrs.  For  the  discussion  of  results  there 
are  chosen  for  comparison  averages  of  three  successive  runs 
made  near  the  end  of  this  series  after  all  the  variable  factor.i 
were  fairly  well  under  control.  These  runs  all  appeared 
to  be  typical  for  the  time  interval  in  question. 

The  average  composition  of  briquets  used  in  these  different 
runs  varied  only  slightly.  The  exact  composition  at  the 
beginning  and  at  a  given  stage  in  the  reaction  is  shown  in 
Tables  I  and  II. 

TABtB  I — Composition  op  Briqubts  before  and  aitbr  TREATMnNT 


Per  cent     Be 
of       Cyan 

Composition 

OF  Briquets 

After  1  Hr. 

.      Composite 

Composition  of 

izing 

1 

2 

3 

4 

5 

in  Retort 

Fe                 0 

11          0 

18 

0 

26 

0.37 

3.12 

9.09 

2.98 

FeiO«          15 

34         9 

03 

11 

74 

14.07 

13.14 

10.85 

12.6 

NajCOi      37 

43       42 

(LS 

3X 

70 

32.22 

22,08 

12.40 

28.6 

C                 47 

12       46 

00 

46 

3 

49.7 

55.00 

53.00 

49.2 

NaCN          0 

00         1 

82 

2 

U4 

3.63 

6.55 

14.24 

6.65 

TablS  11 — Composition 

OP  Zone 

Material  by  Wei 

OHT    (in 

Oz.)     AFTER 

Cya 

NIZINO 

Zone 

Zone 

No. 

Weight' 

Fe 

FejO. 

NaiCOi 

C 

NaCN 

1 

16.5 

0.05 

2.37 

6.95 

6.66 

0.47 

2 

25.3 

0.07 

2.92 

9.5 

12.06 

0.75 

3 

17.5 

0.06 

2.46 

5.64 

8.71 

0.63 

4 

16.3 

0.,')2 

2.15 

3.71 

8.75 

1.17 

5 

25.7 

2  31 

2.89 

3.2 

13.61 

3.69 

Total  weigh! 

in  retort 

after  cyan- 

iiing 

101.3 

3  01 

12.7 

29.00 

49.79 

6.71 

Weight  before 

cyaniztng 

110.0 

0.12 

16.9 

41.2 

51.8 

0.00 

Change  in 

weight 

+  8.7 

4 

2.S9 

-4.11 

-12.2 

-2.01 

+  6.71 

>  The  rather  large  difierences 

is  zone 

weights  ar 

due,  in 

this  set  of 

runs,  to  inaccuracies  i 

n  a 

pport 

oni 

ng  zone 

volumes  as 

the  materials  were 

removed  from  the  retort. 


In  this  series  of  experiments  heating  was  stopped  at  the 
end  of  the  1-hr.  period.     Nitrogen  gas  was  passed  through 


Q^s  Outlets 


4  B/^TCH  CYANIZINQ  RETORT 

SHCM/ll^     PyROMCTEf^    AND 
qAS    SAMPLIHq     TUBCS 


Fe,0«      +  4C 
weight  changes        232  +  48 


the  retort  very  slowly  until  the  briquets  were  cool,  after 
which  the  contents  of  the  different  heat  zones  were  analyzed. 

Analysis  was  made  for  sodium  cyanide,  sodium  cyanate, 
sodium  ferrocyanide,  sodium  carbonate,  free  iron,  and  iron 
oxide.    Carbon  was  determined  by  difference. 

REACTIONS — The  principal  chemical  changes  in  thLs  process 
are  due  to  the  following  reactions:' 

NajCO,  -t-  4C  -I-  N,    =  2NaCN  -|-  SCO     (1) 
weight    changes       106-1-48  =      98  (+  56    loss    from 

retort) 

=  3  Fe  +  4CO         (2) 
=   168  (+  112   loss  from 
retort) 

In  order  to  follow  the  changes  which  occurred  within  the 
retort  during  the  reaction  we  wiE  take  the  average  of  three 
typical  runs  in  which  a  complete  analysis  of  material  present 
was  made  after  a  1-hr.  heating  period. 

During  a  number  of  the  runs,  similar  in  all  respects  to 
those  above  described,  three  small  C/e-in.)  iron  tubes  were 
inserted  down  through  the  center  of  the  retort  in  such  a 
manner  that  samples  of  gas  could  be  removed  slowly  from 
the  reaction  zones  at  different  intervals  during  an  experi- 
ment. The  tubes  extended  down  to  the  approximate  middle 
of  Zones  2,  3,  and  4.  The  gases  represented  approximately 
the  gaseous  mixture  coming  from  Zones  3,  4,  and  5,  respec- 
tively. 

It  was  foimd  that  the  gas  composition  varied  somewhat 
during  different  stages  of  a  run,  also  that  the  composition 
was  quite  different  during  similar  stages  of  different  runs. 
The  carbon  mono.xide  and  carbon  dioxide  content  of  the 
gas  did  not  check  closely  with  known  equilibrium  values  for 
these  two  gases  at  this  temperature.' 

This  work  was  not  carried  far  enough  to  enable  us  to  ob- 
tain data  which  could  be  regarded  as  giving  absolutely  char- 
acteristic equilibrium  concentrations  for  the  different  stages 
of  a  run.  An  average  of  values  obtained  during  one  typical 
run  (after  1  hr.  of  heating)  gave  the  results  recorded  in 
Table  III,  which  were  representative  of  those  obtained  in 
a  fairly  large  number  of  runs. 


Table  III- 

-CoMposmoN  OF  Gas  in  Zones  3,  4,  and  5 

Gas 

Top                     Middle                  Bottom 

N 
CO 
CO. 

27.1                         41.6                         61.2 
71.3                         58.0                         38.8 
1.6                           1.4                           0.0 

Suppose  we  assume  that  the  reactions  occurred  as  in  Equa- 
tions 1  and  2,  we  will  take  then,  as  a  basis  for  calculation, 
the  changes  within  the  system  which  would  be  necessary 
to  account  for  the  appearance  of  the  6.71  oz.  of  NaCN  and 
the  2.89  oz.  of  Fe. 

Reaction  1 

6 . 7  X   48/98  =  3 .  29  oz.  carbon  necessary 
6 . 7  X  106/9S  =  7 .  25  oz.  NaiCOi  necessary 
6.7X   56/98  =  3.83  oz.  total  loss  due  to  reaction  or 
7.25  (NaiCOi  used)  +  3.29  (C  used) -6.71  (NaCN 
formed)  =  3 .  83  total  loss  due  to  Reaction  1 

Reaction  2 

2.89X   48/168  =  0.82  oz.  carbon  necessary 
2.89X232/168  =  4.00  oz.  FejO.  reduced 
2.89X112/168  =  1.93  oz.  total  loss  due  to  Reaction  2 
or  4.00  (FejO.  reduced)  +  0.82  (C  used)  -2.89  (Fe 
formed)   =  1.93    total  loss  due  to  Reaction  2 

Comparing  now  the  changes  calculated  with  those  actually 
found  we  have  the  following: 

s  Calculations  are  based  upon  iron  oxide  as  FejOi.  It  is  probable  that 
much  of  the  iron  was  present  as  FejOa;  this  has,  however,  little  bearing  on 
our  calculations,  inasmuch  as  the  conversion  factors  are  so  similar  (FejO*  = 
1.38  against  FeiOi  =  1.43). 

'  Rhead  and  Wheeler,  J.  Chem.  Soc.  99  (1911),  1140. 
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ClIAJICS 

FOCWD 

Calculated 

DirrBRSNCS 

KuCOl 

12.2 

7.25 

4.95  Oom) 

2.01 

4.11 

2.10  Orain) 

FoO. 

4.16 

4.00 

0.16  (sUgbtloss) 

The  results  of  these  calculations  show  a  loss  of  sodium 
carbonate,  a  gain  of  carbon,  and  practically  no  change  in 
total  iron.  (The  slight  gain  indicated  is  within  the  limit 
of  experimental  error  in  this  determination.) 


TTME  n  HCUiS 
Fio.  2 


Distribution  of  NaCN  ant)  NajCOj 

A  study  of  all  data  shows  that  at  the  end  of  the  first  half- 
hour  period  by  far  the  greatest  amount  of  cyanide  (see 
cun'e,  Fig.  2)  had  been  formed  in  the  bottom  of  Zone  5  and 
a  progressively  decreasing  amount  in  each  of  the  other  zones. 
At  the  end  of  the  1-hr.  period  the  same  order  maintained.  At 
the  end  of  tlie  L.Vhr.  period  Zone  4  had  the  greatest  amount 
of  cj-anidc,  Zone  .5  next,  then  progressively  decreasing  amounts 
in  Zones  3,  i,  and  1,  respectively.  At  the  end  of  the  2-hr. 
period  the  order  of  per  cent  cyanide  in  the  different  zones 
was4>3>5>2>l.  From  the  data  it  is  clearly  seen  that 
cyanide  formed  in  the  lower  zones  was  distilled  upward  as 
the  reaction  progressed.  The  total  amount  of  cyanide  in 
the  retort  at  the  end  of  the  2-hr.  period  was  very  nearly  the 
same  as  at  the  end  of  the  1.5-hr.  period.  During  this  last 
time  inter\-al  the  rate  of  distillation  from  the  retort  was 
practically  tlie  same  as  the  rate  of  formation  within  the  re- 
action zone  of  the  retort. 

Although  considerable  cyanide  was  distilled  up  through 
the  reaction  zone,  the  percentage  of  cyanide  in  Zones  1  and  2, 
the  two  lop  zones,  was  at  all  times  low.  This  was  undoubt- 
edly due  to  the  fairly  high  concentration  of  CO  gas  which 
caused  a  reversal  of  the  main  reaction  NajCOs  -f-  4C  -1- 
Ni  ■=  2NaCN  -I-  3C0,  wiiich  resulted  at  all  times  in  a 
low  concentration  of  sodium  cyanide  in  the  upper  zones. 

The  work  of  Fergu.son  and  Manning'  had  shown  tiiat  the 
presence  of  carbon  monoxide  gas  has  a  marked  influence  on 
this  equilibrium.  In  their  work  different  amounts  of  carbon 
monoxide  g.is  were  added  to  nitrogen,  then  brought  in  contact 
witli  Hodiiini  rarbouate,  or  with  sodium  cyanide,  and  the 
final  equilibrium  in  each  case  noted. 

In  Fig.  4,  Curves  1  and  2  show  the  conversion  of  cyanide 
obtained  by  I'erguaon  and  Manning  at  temperatures  of 
1000°  and  940°  C.  Curve  3  is  the  calculated  conversion  of 
■odium  cartwnatc  to  sixliuin  cyanide,  obtained  at  the  end 
of  the  1-hr.  period  as  described  above,  plotted  against  the 
average  p<r  c<'iit  rarlxm  monoxide  found  in  the  gas.  It 
should  Ix'  iioiiitcil  ■■lit  that  while  Curve  3  does  not  represent 
true  equilibrium  i  "H'Liiniis,  it  doej;,  on  the  other  hand,  give 
a  good  indication  oi  I  he  extent  of  the  reversibility  of  the  main 
reaction  in  practice. 


Table  TV — Relation  of  Cyanide  Conversion  to  Gas  Cohfosition 
Conversion  of 

Carbonate  to  CO  in 

Cyanide*  Gas  Mixture 

Per  cent  Per  cent 

11.1  71.5 

26.0  58.0 

55.0  38.8 

'  The  amount  of  NaiCOs  and  NaCN  present  at  the  end  of  an  experiment 
was  taken  as  the  basis  of  calculation  in  the  determination  of  per  cent  con- 
version of  XaiCOj  to  NaCN.  Losses  from  the  retort  during  the  experiment 
were  not  included  in  this  calculation. 

These  results  indicate  that  the  equilibrium  data  obtained 
by  Ferguson  and  Manning  do  apply  directly  to  equilibrium 
conditions  as  they  exist  in  a  large  system  in  which  there  are 
present  all  the  materials  which  take  part  in  the  cyanide 
reaction.  They  bring  out  clearly  the  fact  that  prod-ucer  gas 
when  used  at  1000°  C.  or  less  would  be  far  less  satisfactory 
than  pure  nitrogen  in  this  process.  These  results  show  further 
that  in  a  process  using  a  continuous  vertical  retort,  the  great- 
est conversion  of  carbonate  to  cyanide  must  at  all  times 
occur  in  that  part  of  the  heat  zone  in  which  nitrogen  first 
enters,  i.  e.,  in  that  part  in  which  the  partial  pressure  of 
carbon  monoxide  is  lowest. 

Distribution  of  Carbon 

During  an  experiment  the  concentration  of  carbon  increased 
in  the  lower  zones.  This  was  due  largely  to  the  fact  that 
sodium  cyanide  (and  possibly  some  sodium  carbonate  per  se) 
had  distUled  upward  from  these  zones. 

The  total  carbon  which  disappeared  was  less  than  the 
carbon  required  for  the  reactions  which  have  taken  place 
within  the  retort.  This  apparent  gain  in  carbon  was  un- 
doubtedly due  to  the  reaction  2C0  =  CO2  -|-  C.  The  equilib- 
rium conditions  of  carbon  monoxide  would  demand  some 
carbon  increase;  further,  the  analysis  of  the  gas  from  the 
reaction  zone  showed  the  presence  of  carbon  dioxide. 

Distribution  of  Iron  and  Iron  Oxide 

The  mixture  before  briquetting  was  approximately  50  per 
cent  C,  38  per  cent  Na^COa,  12  per  cent  Fe.  After  addition 
of  water,  briquetting,  and  drying,  it  was  found  that  prac- 
tically all  the  iron  had  been  oxidized  and  that  the  composi- 
tion of  the  briquets  was  approximately  48  per  cent  C,  36.5 
per  cent  NaiCOa,  16.5  per  cent  Fe304.  During  the  cyanizing 
process  some  of  the  iron  oxide  was  reduced.  This  reduction 
was  fairly  active  in  the  lower  heat  zones,  but  in  the  upper 
heat  zones,  1  and  2,  the  extent  of  reduction  was  exceedingly 
low,  even  at  the  end  of  the  2-hr.  period. 
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The  equilibrium  responsible  for  the  low  reduction  of  iron 
o.xide  in  the  upper  heat  zones  has  not  as  yet  been  definitely 
determined.    It  is  now  under  investigation  in  this  laboratory. 

Application  of  Results 
The  tliree  main  points,  brought  out  in  tliis  small  scale 
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work,  wliicli,  it  seemed,  would  find  direct  application  in  our 
teclinical  work,  were: 

1 — The  partial  pressure  of  carbon  monoxide  must  be  kept  as 
low  as  possible  in  order  to  prevent  reversibility  of  the  main 
reaction.  This  might  be  accomplished  by  keeping  the  rate  of 
nitrogen  flow  high  enough  to  overcome  (by  out-speeding)  the 
eflect  of  the  main  reaction. 

2 — Loss  of  sodium  cyanide  by  volatilization  from  the  lower 
heat  zones  should  be  avoided.  This  could  be  accompHshed 
by  regulating  the  length  of  the  retort,  the  rate  of  heat  conduction 
througli  tlie  briquets,  and  the  discharge  rate  in  such  a  manner 
as  to  get  a  maximum  of  fixation  with  a  minimum  of  volatiliza- 
tion. This  condition  would  correspond,  in  our  4-in.  batch  re- 
tort, to  a  discharge  at  the  end  of  the  l-Vhr.  period. 

3 — Temperatures  at  least  as  high  as  1050°  C.  should  be  em- 
ployed. This  temperature  is  somewhat  higher  than  has  pre- 
viously been  used. 

Large  Scale  Work 

Two  8-in.  cyanizing  retorts  10  ft.  in  length,  of  a  type  similar 
to  those  installed  in  the  SaltvUlc  plant,  were  set  up  and  put 
into  operation.  A  mi.xcr,  briquetter,  and  dryer  of  sufficient 
capacity  to  care  for  the  two  cyanizers  were  also  installed. 

We  at  first  experienced  difficulty  in  procuring,  economically, 
nitrogen  for  tliis  work.  A  simple  but  surprisingly  efficient 
method  was  finally  worked  out  whereby  nitrogen  was  ob- 
tained bj'  passing  air  over  heated  coke.  This  was  a  type  of 
low  temperature  combustion,  giving  the  reaction  C  +  0  + 
N(air)  — >-C02  +  N.  A  retort  was  constructed  of  such 
size  (8  in.  X  6  ft.)  that  when  air  at  such  a  rate  as  would 
furnish  the  required  amount  of  nitrogen  (5  to  6  cu.  ft.  per 
min.)  was  passed  through  the  coke,  the  heat  of  reaction  was 
just  enough  to  cause  the  reaction  to  be  self-sustaining  (tem- 
perature approximately  475°  C).  This  retort  was  mounted 
vertically  witliin  a  furnace  wliich  could  be  heated  by  means 
of  an  oil  burner.  The  burner  was  used  in  starting  up  the 
reaction  and  in  bringing  up  the  temperature  in  case  any  drop 
of  temperature  occurred  within  the  retort.  The  carbon  mon- 
oxide formed  was  removed  by  a  circulating  caustic  scrubber, 
and  nitrogen  of  better  than  99  per  cent  purity  was  obtained 
(the  presence  of  more  than  I  per  cent  oxygen  decreases 
the  nitrogen  fLxation  markedly).  This  process  was  run  for 
days  at  a  time  and  caused  but  little  trouble. 

Wlien  a  cyanizing  run  was  started  it  was  carried  on  con- 
tinuously in  8-hr.  shifts.  The  calculated  cyanide  yield, 
etc.,  was  based  on  the  average  for  each  8-hr.  period. 

The  first  attempt  to  cyanize  continuously  was  made  on 
May  27,  1918.  Owing  to  the  inexperience  of  the  men  and 
difficulties  with  the  apparatus,  the  highest  fixation  recorded 
during  this  run  was  17.89  per  cent  sodiimi  cyanide  in  bri- 
quets. 

On  July  16  another  run  was  started.  This  run  continued 
for  about  12  days,  during  which  time  it  was  possible  thor- 
oughly to  acquaint  the  men  with  their  various  duties  and  to 
correlate  chemical  and  mechanical  control.  During  one 
shift  cyanide  in  briquets  reached  23.17  per  cent.  The  average 
for  the  entire  period  was  about  15  per  cent. 

Following  this  a  number  of  shorter  runs  of  3  to  4  daj-s 
each  were  made.  Over  one  40-hr.  period  of  five  shifts, 
briquets  with  an  average  of  25  per  cent  sodium  cyanide 
content  were  obtained.  This  gave  a  cyanide  output  be- 
tween 7  and  8  lbs.  per  retort  per  hr.  This  seemed  a  normal 
output  to  expect,  inasmuch  as  we  were  able  to  reach  and  hold 
this  figure. 

Later  the  principles  stated  under  small  scale  work  were 
more  exactingly  applied,  and  every  care  was  exercised  to 
regulate  mechanical  control  so  as  to  conform  to  rate  of 
chemical  reaction. 

In  the  last  run  made,  the  following  results  were  obtained: 


Pounds  of 

Pounds 

Pounds  of 

Briquets 

Per  cent 

Briquets 

Cyanized 

NaCN  in 

Retort 

Shift  No. 

Cyanized 

per  Hr. 

Briquets 

per  Hr, 

GS 

181.6 

22.7 

35.04 

7.9S 

ee 

190.2 

24.0 

36.06 

67 

214.4 

26.8 

32.14 

68 

265.6 

33.2 

31.56 

10.47 

During  another  shift  of  6  hrs.  (No.  71),  later  in  this  run, 
353.5  lbs.  of  briquets  having  a  sodium  cyanide  content  of 
20  per  cent  were  discharged  at  the  rate  of  58.9  lbs.  per  hr. 
This  gave  a  production  of  12.19  lbs.  sodium  cyanide  per 
retort  per  hr.  The  run  was  terminated  at  this  point  owing 
to  mechanical  difficulties  in  the  plant. 
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Cost  of  Ammonia  Production 

At  the  time  of  the  Armistice  sufficient  progress  had  been 
made  in  the  experimental  cyanizing  work  to  show  that  nitro- 
gen could  be  fixed  as  cyanide  at  figures  below  previous  esti- 
mates. Conversion  of  cyanide  to  ammonia  and  to  nitrates 
offered  no  serious  difficulties  and  could  be  accomplished  at 
a  low  cost. 

Two  sets  of  cost  estimates  were  carefully  compiled  during 
August  1918.  Calculations  were  based  upon  a  cyanide- 
ammonia  plant  which  could  produce  5  tons  of  ammonia  per 
day. 

Tabulated  Summary  op  the  Figures  Obtained,  Reduced  to  a  Net  Cost 
PER  Pound  op  Ammonia 
Estimate  1  Estimate  2 

Based  on  7  Lbs.  NaCN  per    Based  on  8  Lbs.  NaCN  pel 

Hr.,  20  Per  cent  NaCN,        Hr..  23  Per  cent  NaCN, 

85  Per  cent  NH3.  Plant  to      95  Per  cent  NHi.  Plant  to 

Cost  $2,700,000  Cost  ?2,100,000 

3-yr.         5->T.       15  Per        3-yr.         5-yr.  15  Per 

Amort.    Amort.       cent        Amort.     Amort.         cent 

Coke  reactions  0.0324        0.0284  

Coke  loss  and  dis- 
card'         0.0022        0.0019  

NasCOj,    loss    and 

discard' 0.0036        0.003  

Fe  loss  and  dis- 
card'         O.OOIS        0.0016  

Nitrogen 0.004  0.003  

Steam 0.0014        0.0012  

Replacement  of  re- 
torts and  equip- 
ment, cyanizing 0.0663       ....  ....       0.0526         .... 

Replacement  costs, 

steaming 0.0105        0.0084  

Fuel 0.0166       0.0151         

Power 0.0123        0.0107  

Labor 0.0644       0.0613         

Total.      excluding 

fixedcharges 0.2204        0.1876  

Fixed  charges JO. 25       0.15         0.1125     0.1445     0.1166       0.0876 

Total  per  lb.  NHi, 

including     fixed  ^ „  «„- 

charges 0.47       0.37         0.33         0.38         0.30  0.2/d 

'  Discard  due  to  accumulation  of  ash  during  a  continuous  cyanizing — 
steaming-cyanizing  process. 


7(M 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  8 


Estimate  1  was  based  upon  the  assumption  that  one  cyan- 
i«ing  retort  would  be  capable  of  producing  cyanized  bri- 
quets of  20  per  cent  sodium  cyanide  content  at  the  rate  of 
7  lbs.  sodium  cyanide  per  hr.  and  that  this  cyanide  could 
be  converted  into  ammonia  with  85  per  cent  recovery.  This 
would  give  50.4  lbs.  of  ammonia  per  retort  per  day.  It  would 
be  necessary  to  keep  198  cyanizing  retorts  in  operation, 
l-jitimating  the  life  of  a  retort  as  15  days,  215  retorts  woiild 
be  needed  in  the  installation. 

Elatimate  2  was  based  on  the  assumption  that  each  cyan- 
izing retort  would  produce  briquets  of  23  per  cent  sodium 
cyanide  content  at  the  rate  of  8  lbs.  sodium  cyanide  per  lir., 
and  with  95  per  cent  anunonia  recovery  158  cyanizing  retorts 


would  have  to  be  kept  in  operation.    A  total  of  170  would 
have  to  be  installed. 

Fixed  charges  were  based  upon  cost  of  construction  of  the 
government  cyanide  plant  at  Salt\dlle,'  and  calculated  for 
amortization  of  plant  (o)  in  3  years,  (6)  in  5  years,  (c)  15 
per  cent  annual  depreciation.  Estimated  cost  of  materials 
were  as  follows: 

Coal  for  fuel  at  t  4 .  00  per  ton 
Coke  (low  ash)  at  25 .  GO  per  ton 
Iron  at  60.00  per  ton 

Soda  ash  at  35.00  per  ton 

All  costs  were  worked  out  in  detail. 

•  Loc.  cil. 


Prei)aration  of  Alpha,   Gamma  Quinolines— I''' 

':i,l-Diinethyl-()-Ethoxyquiaolme:    An  Improved  Method  for  Its  Preparation 


By  S.  Palkin  and  M.  Harris 
Color  Laboratost,  Bdksau  o»  Chemistry,  Washington,  D.  C. 


The  oalue  of  the  Jicyanine  dyes  for  speclropholographic  loorli 
and  their  conlinaeJ  absence  from  the  American  marl^els  led  to  an 
inoestigation  of  the  preparation  of  the  quinoline  intermediates 
for  these  dyes,  with  a  oiew  to  deoeloping  a  commercial  process  more 
suitable  than  those  now  available  and  to  worthing  out  some  means 
of  increasing  the  yields. 

The  steps  involoed  in  the  recovery  of  the  pure  quinoline  derioa- 
tioes  constitute  by  far  the  greatest  difficulties  in  the  preparation  of 
these  a.y-quinollnes,  requiring  repeated  steam  dislillcdions  or 
<ther  extractions.  This  is  in  a  large  measure  due  to  the  tar  formed 
in  the  synthesis. 

The  method  described  differs  essentially  from  the  former  methods 
In  the  treatment  of  the  reaction  mixtures  after  the  synthesis  and  the 
recovery  of  the  pure  base. 

TIM",  condensation  of  ethylidene  acetone  with  aniline, 
di-scoviTcd  by  Baoyer,'  was  used,  with  modifications, 
by  Mikcska,  Stewart,  and  Wise'  for  the  preparation 
of  2,4-<lim»-thylnuin<>linc.  By  the  substitution  of  p-toluidine 
for  aniline  in  the  cnndcn.sation,  Pfitzinger'  prepared  a,y- 
dinicthyltolu(|uinoline  (or  2,4,6-trimethylquinoline).  Using 
p-pliom-tidine  as  the  primary  base  in  this  .synthesis,  Mikeska, 
HalliT,  and  Adams'  prepared  2,4-dinietliyl-6-othoxyquinoline. 
They  intro<liirc<l  improvements  in  the  recovery  and  purifica- 
tion of  the  quinoline  base.  Kthcr  extractions  were  substituted 
for  steam  distillation  hitherto  employed,  and  acetylation  and 
diaziitiziiliiin  were  used  for  the  removal  of  the  unchanged 
phrnntidine  and  hydro  base. 

Synthesis 

T)ic  synthesis  proiK-r  is  based  on  the  Baeycr  condensation 
and  is  rarrii-d  out  as  described  by  Mikeska,  HiiUer,  and 
Adams.'  The  reaction  product  is  treated  as  follows;  A 
current  of  stoain  is  passed  tlirough  the  reaction  mixture  (which 
has  l)oon  diluted  with  2  1.  of  water)  for  0.5  hr.  After  cooling, 
t' '  ■  '     .i'l  is  poured  off  and  the  tarry  residue  is 

"  with  dilute  hydrochloric  acid  which  is 

nil  [uid.     The  c<x)l  solution  is  treated  with 

•  RKvlnd   L>rc«nit>ci   14,   IMI. 

•  PubUibed  br  p«rmisilon  o(  the  Department  cl  A(riciilture. 

•  Publiihecl  •>  Conlnl  ..t,..„  No    .',K  from  the  Color  Laboratory. 

•J.    ^0*1.    C  *«»!    .     I.'l    13  -.Mil.    <(]l. 

•  Tnil  Joi'lHAL.  11     '.■.•-.■J      I  .» 

•  J.  prala.Clum..  |2)MllNV'>).24a;  (S|  SI  (1888),  41. 
'  J.  Am.  Ckrm.  So€..  41  (1910),  ;:3»2. 


an  excess  of  strong  sodium  hydroxide.  When  the  oil  has 
risen  to  the  top  (several  hours  are  required)  the  aqueous  layer 
is  drawn  off  and  the  oily  base  subjected  to  vacuum  distilla- 
tion (30  to  70  mm).  After  removal  of  the  water,  the  oil  is 
collected  to  about  225°  (30  mm.).  Tliis  "crude  base"  distil- 
late is  treated  on  the  steam  bath  with  an  equal  weight  of 
acetic  anhydride  and  poured  gradually  into  3  1.  of  water. 
Most  of  the  primary  base  and  the  hydro  base  is  thus  converted 
into  insoluble  acetyl  compounds,  which  are  removed  by 
filtration  after  solidification.    The  cool  filtrate  is  neutralized 


30       40       SO       60       70       80 
PER  CENT  OF  DISTILLATE 

Flo.  1 — BoiUNO  Ranges  at  30  Mm. 
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with  strong  sodium  hydroxide  solution,  the  solidified  base  is  re- 
moved by  filtration  and  dissolved  in  twice  its  weight  of  con- 
centrated hydrochloric  acid  and  the  cooled  mass  is  diazotized. 
Upon  dilution  of  the  reaction  mixture  to  about  4  1.  with  water, 
all  of  the  base  hydrochlorides  dissolve,  leaving  a  brown  in- 
soluble residue  of  phcnacetin  which  contains  the  nitroso 
compounds.  This  residue  is  removed  by  filtration  and  a 
current  of  steam  is  passed  through  the  filtrate  for  about  20 
min.  to  decompose  the  diazonium  salts  to  phenol.  The  cooled 
solution  is  filtered  through  cotton  and  neutralized.  The 
base  solidifies  as  a  brown  mass  in  about  1  hr.,  and  is  removed 
by  filtration  and  distilled  in  vacuum.  The  base  is  recrystal- 
lized  from  800  cc.  of  hot  18  per  cent  hydrochloric  acid  solu- 
tion, filtered  in  three  stages:  viz.,  when  the  solution  has  cooled 
to  40°  to  50°  C,  to  room  temperature,  and  to  0°  C.  The 
base  is  liberated  from  a  water  solution  with  alkali,  filtered, 
and  distilled  at  atmospheric  pressure.  Nearly  the  entire 
product  boils  between  314°  and  316°+.  It  is  almost  white 
in  color.    The  drj'  crystals  melt  at  88°  to  88.5°  C. 

PUHIFICATION  Re.\CTIONS 

About  4  k.  of  "crude  base"  were  prepared.  Boiling  range 
curves,  determined  at  30-mm.  pressure,  served  as  a  working 
comparison  for  the  products  subjected  to  subsequent  puri- 
fication. 

A  portion  of  this  "crude  base"  was  carried  through  the 
acetj'lation  purification  and  vacuum  distillation  (30  mm.), 
and  boihng  range  curves  were  plotted.  This  distillate  served 
as  a  working  sample  for  the  study  of  diazotization  and  the 
influence  of  nitroso  compounds. 

Table  I  records  experiments  which  were  carried  out  to 
show  the  influence  of  the  nitroso  compound  on  the  quality 
of  the  final  base,  and  to  test  the  feasibility  of  removing  this 
product  by  filtration,  without  resorting  to  ex-traction. 


Treatment     Boiling    Maximun 
of  above       B.  P.  at 

Diazotized    205°  C.    30  Mm. 
No.  Mixture      Percent        °  C. 

Xu     NO  compound    15  210 

removed  by 

extraction 

mth  ether 


XjB    N°^  extracted      40 


AEi'  Filtrate  ex- 
tracted wit] 
ether 

AEi'  Filtrate  ex- 
tracted 
with  ether 

AEj*  No  extrac- 
tion 

AE*'  No  extrac- 
tion 


220 
204 
203 


None 
None 


B.  P.  of 

Recryst.        M.  P.  of 
Product  at     Recryst. 
Atmospheric    Product 
Pressure  °  C.        °  C.       Remarks 
314-316  8S.5   titUe  tar;  dis- 

tillate light 
in  color 

315-317  Below  S8  More  tar;  dis- 
tillate dark 
throughout 

314-316     SS.S    

314-316     88.5    

314-316     88.5    

314-316     88.5    


Table  II 

— Effect  oi 

Varying  Time 

and  Temperature  in  Acetvxation 

Period  of 
Acetylation 
Steam  Bath 

"Crude  Base" 

Consumed  by 

Acetylation 

Per  cent 

Test  for  Primary  and  Hydro  Base 

in  Residue 

No. 

Residual 
Phenacetin 

Nitroso  Compound 
by  Diazotization 

A  A 
BB 
DD 

EE 

0.5  hr. 
1  hr. 
4  hrs. 

1  day  (6 
hrs.) 

2  days 
(12  hrs.) 

53 
51 
45 

47 

Present 
Present 
Present 

Present 

Present 
Present 
Present 

Present 

FF 

49 

Present 

Present 

Y. 

0.5  hr. 
129-130° 

53 
With  some  tar 

Considerable 

Considerable 

A  number  of  experiments  were  carried  out  to  determine 
the  effect  on  the  yield  and  quality  of  final  base  of  varying 
conditions  of  temperature  and  moisture  in  the  prehminary 
condensation  as  well  as  in  the  synthesis  proper,  and  the  effect 
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Fig.  3 — Boilino  Ranges  of  Base  at  30  Mm.  after  Diazotization 


^  Insoluble  phenacetin  with  nitroso  compound  was  removed   by    filtra-  Ya 

tion.  Y^, 

The  experiments  recorded  in  Table  II  were  made  to  de-  ^'' 

termine  the  optimum  conditions  for  acetylation.     Complete  YtI 
removal  of  primary  and  hydro  base  by  acetylation  alone  was 

not  possible  in  any  case.  Yi> 


~16      «i      50      60      W 
PER  CENT  OF  DISTILLATE 

Fig.  4 — Boiling  Ranges  op  "Crddb  Base" 

of  using  an  oxidizing  agent  to  convert  the  hydro  base  to  the 
desired  quinoline.  The  results  shown  in  Table  III_are  self- 
explanatory. 

Table  III — Effect  op  Varying  Conditions  in  the  Synthesis 
Fraction  of  "CRroE 
Base"  Which  Distils 
Description  at  30  Mm. 

of  To  160°       200°  Up 

No.  Experiment  Per  cent       Per  cent 

Normal 
Normal  as  per  method  20  25 

average 

HCt  Saturation-Temperature 
Yt         Saturated  acetone  par- 
aldehyde at  10°  C.  27.0  19 
Yi*        Saturated  acetone  par- 
aldehyde at  20°  C.              34.0               22 
Moisture  Experiments 
Cond.  with  phenetidine 

57.0  8 


Yield  of  Yield 

"Crude"  Pure  Base 

Grams  Grams 

(105)1  (43. 4)  > 


290 


(no  water) 
Cond.  with  phenetidine 

HCl  dry 
Saturation  with  20  per 

cent  water 
HCl      saturation      and 
synthesis  carried  out 
same  day 
Used     arsenic    acid    as 

oxidant 
Heated    "crude    base" 
:  acid 


22.0 
29.0 


50,0 
25.0 


22 


106 
150 
130 

122 
150 


Impossible    to    handle — too    much    tar 


^  0.5  N  quantities  used. 


By  a  bill  passed  unanimously  by  the  House,  the  Department 
of  Conservation  of  the  State  of  Louisiana  is  given  regulatory 
control  over  the  natural  gas  fields,  to  prevent  waste  and  to  guar- 
antee a  supply  of  gas  to  any  pipeline  that  may  be  built  for  the 
distribution  of  gas.  The  Department  is  specifically  authorized 
to  curtail  the  amount  of  gas  used  by  carbon  black  mills  whenever 
other  markets  for  domestic  or  industrial  consumption  are  found. 
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Jell  Strength  and  Viscosity  of  Gelatin  Solutions'' 

By  Earle  T.  Oakes  and  Clarke  E.  Davis 

Research  Laboratory,  National  Biscdit  Co..  New  York,  N.  Y. 


This  IncesKgalion  shoiva  that  the  solutions  of  different  gelatins 
hear  the  same  qualitalice  variations  for  Jell  strength  with  pH. 

The  form  of  the  jell  strength-pH  curoe  is  the  same  for  different 
concentrations. 

The  maximum  for  Jell  strength  coincides  in  pH  with  the  maximum 
Increase  in  ciseosity  for  aging  of  solution. 

Lack  of  agreement  between  viscosity  and  Jell  strength  may  result 
from  differences  in  the  ash  content  of  gelatin. 

Viscosity-Jell  strength  measurements  properly  carried  out  parallel 
each  other  on  different  gelatins. 

The  mean  molecular  weight  of  gelatin  caries  directly  with  the 
trade  and  is  of  the  order  of  magnitude  of  1000. 

Additional  data  are  submitted  in  favor  of  the  gelatin-acid  com- 
bination theory. 

A  CAREFUL  investigation  of  the  viscosities  of  gelatin 
solutions  indicated  that  their  jell  strength  would 
exhibit  considerable  variation  with  change  in  pH, 
other  factors  remaining  constant.  Accordingly  such  an  in- 
vestigation was  undertaken. 

Fischer  and  Coffman'  have  investigated  the  effects  of  different 
acids,  bases,  and  salts  on  gelatin  solutions.  Although  no  pH 
values  are  given,  we  may  conclude  from  their  work  that  gelatin 
solutions  such  as  were  employed  by  them  are  liquid  in  strong 
acid  and  strong  basic  solutions,  while  they  are  solid  or  semisolid 
in  solutions  near  the  neutral  point. 

I'attcn  and  Johnson'  have  continued  this  work,  measining  pH 
with  Clark  and  I-ubs  indicators.  Although  no  exact  measure- 
ments were  made  of  the  rigidity  of  their  solutions  the  following 
gummary  indicates  their  results: 


pH 

State  of  Solution  at  IS 

2.8 

Liquid 

3.« 

Semisolid 

4.0 

SoUd 

7.9 

Semisolid 

8.2 

Liquid 

Sheppard,  Sweet  and  Scott'  investigated  the  jell  strength  of 
gelatins  and  glues  and  described  a  very  accurate  form  of  testing 
machine.  They  did  not,  however,  investigate  the  effect  of  pH 
on  jell  strength. 

The  method  employed  by  the  present  authors  is  essentially 
one  that  has  been  in  use  for  several  years  in  a  large  gelatin 
manufacturing  concern."  As  employed  by  them  it  has  given 
accurate  results  when  all  the  conditions  have  been  strictly 
adhered  to.  Particular  attention  must  be  given  to  the 
t<!mperature  control,  Ijccause  the  jell  strength  changes 
enormously  with  change  in  temperature.  The  only  difference 
between  the  method  employed  in  this  investigation  and  that 
described  below  are  differences  in  congentration. 

Method  of  Determi.vino  Jell  Strength 

Weigh  into  an  ordin.iry  gla.ss  of  about  200-cc.  capacity  30 
g.  of  finely  ground  gelatin.  Add  180  cc.  of  cold  water,  mix, 
and  let  ntand  .30  min.     Heat  on  a  water  bath  to  60°  C,  allow 

>  Receired  Match  18,  1933. 

•  Tubltshrd  u  ContributJnn  No,  ft  from  the  Research  Latmralory  of  the 
National  lliiruit   >".,i:]p.,nv 

'J.  Am.  '        ;ilS).  303. 

•  J.  Biol  179. 
•Tbi»J.'  ino7. 

•The    Uniir.l    .  ,,c    Products    Co.,   of   Chicago,    III., 

d«si(ned  and  built  tin  mi;  machine  and  materially  a.isisted 

as  br  supplvlni  then    -  .  ..rcmenti.     Published  throuRh  the 
courtcST  of   f>r.  A.  Schwrucr. 


to  cool  to  25°  to  30°  C,  and  place  in  the  thermostat  at 
21°  ±  0.1°  for  16  hrs.  Test  the  jelly  in  the  testing  machine 
(Fig.  1).  This  consists  essentially  of  a  balance,  with  a  plunger 
on  the  right  arm,  and  a  platform  for  supporting  a  beaker. 
Suspended  from  the  left  arm  is  a  small  bucket  in  which  shot 
are  poured  to  balance  the  needle  at  zero  when  the  beaker  is 
placed  on  the  right-hand  scale  pan.  When  the  glass  of  jelly 
is  placed  on  the  adjustable  platform  below  the  plunger,  this 
is  adjusted  until  the  surface  of  the  jelly  just  touches  the 

plunger     when     the         

pointer  registers  zero. 
Water  is  then  slowly 
added  to  the  beaker 
and  the  plunger 
forced  into  the  gelatin 
until  the  pointer  reg- 
isters a  certain  arbi- 
trary value.  The 
number  of  cc.  of  water 
required  to  bring  the 
pointer  to  a  definite 
place  on  the  scale 
(deflection  6)  is  taken 
as  the  jell  strength 
of  the  jelly.  pH 
measurements  were 
made  by  means  of 
the  hydrogen  elec- 
trode. 

Lipowitz'  first  pro- 
posed testing  glues 
with  instruments  of 
this  type  in  which  the 

relative  consistency  of  the  jelly  measured  by  its  capacity  for  bear- 
ing a  weight  is  the  underlying  principle.  Numerous  instruments 
differing  in  form  but  not  in  principle  have  since  been  used,  not 
only  by  manufacturers  and  buyers  but  also  by  scientific  inves- 
tigators. 

Smith'  has  described  an  interesting  instrument  for  measuring 
jell  strength.  It  consists  of  a  pressure  chamber,  one  side  of  which 
is  closed  with  a  thin  elastic  rubber  diaphragm,  a  rubber  bulb 
to  produce  pressure,  and  a  manometer  to  measure  the  pressure 
produced.  Increasing  pressure  causes  the  diaphragm  to  dis- 
place the  jelly  and  the  pressure  required  to  produce  a  certain 
displacement  is  taken  as  the  jelly  strength. 

Alexander'  points  out  that  all  methods  which  depend  upon  the 
breaking  or  compression  of  the  jelly  in  open  glasses  are  subject 
to  two  sources  of  error.  The  glasses  usually  vary  in  diameter, 
thus  forming  a  surface  of  variable  area,  and  there  is  always  a 
"skin"  of  greater  or  less  thickness  which  interferes  with  the 
accuracy  of  the  test.  To  obviate  these  difficulties  Alexander'" 
designed  a  machine  to  test  the  resiliency  of  jelly  blocks  free  from 
containing  walls. 

The  difficulty  arising  from  employing  glasses  of  varying 
diameters  was  overcome  in  the  present  case  by  selecting  and 
employing  glasses  of  the  same  diameters. 

As  no  data  on  the  "skin  effect"  were  given  by  Alexander, 
this  point  was  investigated.  Three  scries  of  jellies  were 
prepared  from  Ossein  gelatin  No.  2.    In  Series  A,  the  gelatin 

'  "Neue.  Chem.  Tech.  Unters.,"  Berlin,  1861,  37. 

•  J.  Soc.  Chem.  Itid.,  28  (1909),  252. 

•  Allen's  "Commercial  Organic  Analysis,"  4th  edition,  8,  608. 
"J.  Sot.  Chem.  Ind.,  27  (1908).  459. 
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solution  was  left  uncovered  in  the  thermostat.  In  Series  B, 
the  surface  of  tlie  gelatin  was  covered  with  toluene  after  the 
solution  had  cooled  enough  for  the  jelly  to  set  slightly.  In 
Series  C,  the  surface  of  the  hot  gelatin  solution  was  covered  by 
carefully  floating  toluene  over  the  surface  of  the  solution  while 
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pH  — 

it  was  still  hot  and  before  any  skin  was  formed.  (In  each 
case  the  toluene  was  poured  of!  immediately  before  the  test 
was  run.)  The  results  are  given  in  Table  I,  Solution  2  being 
a  duplicate  of  Solution  1  in  each  case. 

Table  I — Jell  Strength  op  15  Per  cent  Solution,  Gelatin  2 
Ai  490  Bi  500  Ci  500 

Ai  480  Bi  510  Ci  485 

These  results  not  only  indicate  the  reliabOity  of  the  method 
when  carefully  carried  out  but  also  serve  to  show  that  the 
skin  on  the  surface  of  the  gelatin  had  no  appreciable  eflfect 
upon  the  jell  strength.  Where  the  jelly  had  set  beneath  the 
toluene  surface  the  skin  could  be  broken  more  easily  than 
where  no  toluene  was  used,  but  as  wiU  be  seen  from  the  re- 
sults this  had  no  effect  upon  the  jell  strengths.  Naturally 
these  remarks  do  not  hold  for  solutions  covered  with  foam 
which  is  not  removed  before  the  test  is  run. 

Effect  of  pH  on  Jell  Strength 

The  jell  strength  of  a  5  per  cent  solution  of  hide  gelatin 
(No.  3)  was  investigated  over  a  range  of  pH  1.3  to  13.0.  The 
results  are  plotted  in  Fig.  2,  along  with  those  obtained  on  10 
per  cent  solutions  of  the  same  gelatin,  and  show  that  the  jell 
strength  is  at  a  maximum  at  a  pH  approximately  8. 

Five  per  cent  solutions  of  No.  2,  a  low-grade  gelatin,  and 
15  per  cent  solutions  of  No.  1,  a  very  low-grade  gelatin,  gave 
results  in  accord  with  No.  3.  No.  1  gelatin  was  of  such  low 
jell  strength  that  solutions  more  dilute  than  15  per  cent  could 
not  be  used  because  they  were  liquid  over  too  great  a  range. 
In  Fig.  2  are  also  plotted  the  values  for  the  increase  in  vis- 
cosity during  the  second  hour,  as  determined  by  the  writers" 
for  1  per  cent  solutions  of  the  same  gelatin  at  different  pH 
values.    The  maximum  of  this  curve  coincides  with  the 

"  Davis.  Cakes  and  Browne,  /.  Am.  Chem.  Soc,  43  (1921),  1526. 


maximum  of  jell  strength  and  shows  that  where  the  vi.scosity 
is  increasing  most  rapidly  with  age  of  solution  the  jell  strength 
is  also  greatest." 

Relation  between  Jell  Strength  and  Viscosity 

In  Fig.  3  the  viscosity-pH  curve  and  the  jell  strength-pH 
curve  for  No.  2  gelatin  have  been  reproduced.  These  curves 
furnish  one  reason  for  the  la.ck  of  agreement  obtained  when 
the  same  series  of  gelatins  have  been  classified  by  viscosity 
measurements  and  again  by  jell  strength  determinations. 
Suppose,  for  example,  we  select  two  gelatins  exactly  alike  in 
every  respect,  except  in  their  degree  of  acidity,  the  pH  of 
Sample  A  being  8  and  the  pH  of  Sample  B  being  3.  A  will 
then  give  a  high  jell  strength  and  low  viscosity,  while  B  will 
give  a  high  viscosity  and  low  jell  strength.  When  brought  to 
the  same  pll  they  will  have  the  same  viscosity  and  the  same 
jell  strength.  It  is  only  when  a  given  series  of  gelatins  or  glues 
are  tested  at  the  same  pH  that  we  can  expect  to  have  the 
classification  by  viscosity  measurements  coincide  with  that 
for  jell  strength  measurements. 

In  order  to  test  this  relation  between  jell  strength  and  vis- 
cosity more  thoroughly,  seven  samples  of  gelatin  were  selected 
by  the  manufacturer  as  samples  not  classified  alike  by  jell 
strength  and  viscosity  measurements.  Since  these  samples 
were  not  submitted  as  representative  of  special  kinds  of  gelatin 
they  were  classified  as  miscellaneous  and  as  such  bear  the 
prefix  M,  so  as  not  to  confuse  them  with  the  numerals  pre- 
viously employed  in  designating  the  kind  of  gelatin. 


Table 

II 

Per  cent 

Per  cent 

Jell  StrenKth  21°  C 

Gelatin 

Moisture 

Ash 

Mfgr's 

Authors 

M  2 

8.16 

1.23 

600 

605 

M  3 

7.62 

1.03 

600 

600 

7.86 

0.59 

550 

550 

M  4 

8.10 

1.12 

450 

430 

7.86 

1.04 

410 

405 

M  5 

8.53 

0.84 

340 

330 

8.33 

0.86 

310 

300 

X 

8.93 

2.39 

59 

59 

60°  C. 

50.2 

51.4 

61.0 

48.1 

47.4 

48.3 

48.0 


Table  II  gives  the  jell  strength  and  viscosity  values  sub- 
mitted with  the  samples  by  the  manufacturer  as  well  as  jell 
strength,  moisture,  and  ash  obtained  by  ourselves  on  the 


1'  It  must  be  remembered  that  it  is  only  possible  to  use  a  sterile  gelatin 
for  this  work.  At  the  pH  of  maximum  jell  strength  liquefjring  bacteria 
develop  very  rapidly  and  during  the  16-hr.  conditioning  period  may  trans- 
form an  otherwise  solid  jelly  into  a  viscous  liquid. 
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samples  as  received.  X  is  a  standard  low-grade  gelatin  in- 
cluded for  comparison.  The  gelatins  are  listed  in  the  order 
of  their  jell  strength. 


2    ^ 4      5      g      7      5^9 

Deflection  on  Scale 

The  viscosity  measurements  in  Table  II  were  made  by  the 
manufacturer  and  represent  the  number  of  seconds  required 
by  the  hot  solution  as  made  up  for  jelly  tests  to  run 
through  a  standard  arbitrary  viscometer.  The  jell  strengths 
were  determined  as  heretofore  described,  and  as  a  check  on  the 
manufacturer  our  jell  strengths  were  determined  on  the 
samples  without  altering  the  pH,  which  ranged  from  4.0  to  4.4 
in  the  various  samples.  The  results  of  the  two  laboratories 
agree  very  well  on  jell  strength,  but  it  will  be  seen  that  the 
viscosity  values  do  not  parallel  the  jell  strengths. 

Since  pH  exerts  such  an  influence  on  both  jell  strength  and 
viscosity  it  was  not  expected  that  the  two  measurements 
would  grade  a  set  of  gelatins  alike  unless  they  were  made  at 
the  same  pH.  Accordingly  these  measurements  were  re- 
peated on  all  samples  at  pH  8.0.  The  jell  strengths  are 
shown  in  Fig.  4,  where  it  is  seen  that  the  jellies  obey  Hooke's 
law  and  the  lines  do  not  cross. 


Tail*  III- 

-Viscosity  and 

JBLI. 

Stkbngth 

ViKoaitjr  IS  Pet 

cent 

Jell  Strength 

Solution  pH  8.C 

Ajc 

IS  Per 

:cnt  Solution 

GlLATIN 

3  Hr«.;  25° 

C. 

pHS.O.  21°  C. 

M  2 

3.04 

835 

M  3 

2.08 

830 

M    1 

2.42 

720 

M  4 

I. S3 

506 

M  A 

1.68 

455 

M   * 

1.68 

360 

M  7 

1.S8 

270 

X 

1.24 

50 

In  determining  viscosity  the  same  procedure  was  employed 
as  previously  descrilK-d."  Fig.  5  gives  the  results  for  1.5  per 
cent  sohitions  at  25°  C;  the  absolute  viscosity  in  centipoises 
being  plotted  against  the  age  of  solution.  From  this  figure 
it  ia  clear  that  the  1ps,<  the  difference  between  two  gelatins  the 
further  the  jiec- viscosity  curves  vsnll  have  to  be  prolonged  to 
diffcrcntint'  between  them.  These  curves  are  really  graphical 
representatiDns  of  the  tendency  of  each  gelatin  to  form  a  jelly, 
and  the  viscosity  at  any  age  represents  a  stage  in  the  process 
ultimately  resulting  in  a  colid  jelly.  It  is  to  be  expected,  then, 
that  these  vi.scosity  measurements  and  jell  strength  measure- 


ments will  parallel  each  other.  The  viscosity  and  jeU  strength 
measurements  at  pH  8.0  are  given  in  Table  III,  where  it  is 
seen  that  the  two  determinations  classify  the  gelatins  in 
exactly  the  same  order. 

Having  demonstrated  that  at  25°  viscosity  measurements 
parallel  those  for  jell  strength,  it  was  decided  to  investigate  the 
causes  for  the  discrepancies  in  the  results  when  the  viscosity 
was  determined  at  a  higher  temperature.  Since  at  40°  the 
viscosity  does  not  change  with  age  and  as  the  thermostat  is 
more  easily  controlled  at  40°  than  at  60°,  the  former  temper- 
ature was  selected.  The  -OTiters  are  perfectly  well  aware  that 
the  system  gelatin-water  is  quite  different  at  21  °  (the  temper- 
ature at  which  the  jell  strengths  were  determined)  from  that 
at  40°.  Just  what  are  the  differences  in  the  system  at  these 
two  temperatures  is  still  an  open  question,  but  since  the  dif- 
ferences do  exist  some  chemists  have  argued  that  no  relation 
between  properties  is  to  be  expected.  However,  it  has  been 
repeatedly  shown  that  jell  strength  and  viscosity  decrease 
progressively  with  the  hydrolysis  of  the  gelatin.  The  greater 
the  mean  molecular  weight  the  greater  the  jell  strength  and 
viscosity.  It  is  only  in  about  25  per  cent  of  the  cases  that 
this  relation  does  not  hold  true  and  these  are  precisely  the 
cases  that  demand  attention. 

Reference  to  Table  II  shows  that  Samples  2  and  3  and 
Samples  6  and  5  are  the  most  conspicuous  examples  of  non- 
conformity to  the  general  rule.  These  two  sets  were  selected 
for  detailed  investigation.  Viscosity  determinations  were 
made  on  1  per  cent  and  5  per  cent  solutions  of  these  gelatins 
at  pH  8.0  and  40°  C.  The  results  arc  given  in  Table  IV,  and 
it  is  seen  that  they  classify  the  gelatins  exactly  as  in  Table  II. 


Table  IV- 

-Viscosities  oh  Gelatins  at  40°  C,  pK 

GSLATIN 

1  Per  cent                       S  Per  cent 
Solution                          Solution 

M  2 
M  3 

M  6 
M  5 

0.900                         2.817 
0.910                         2.884 
0.871                         2.465-2.466 
0.879                         2.530-2.524 

These  results  establish  very  clearly  the  fact  that  viscosity 
results  above  gelation  temperatures  may  not  classify  gelatins 
in  the  same  order  as  do  jell  strength  measurements.  In 
seeking  an  explanation  for  these  results  it  was  noticed  that 
the  gelatins  with  the  abnormally  low  viscosities  had  the  higher 
ash  content.  From  the  earliest  investigations  the  effect  of 
neutral  salts  on  the  physical  properties  of  the  proteins  has  been 
recognized.  Quite  recently  Loeb"  has  repeated  much  of  this 
work  with  various  salts  but  keeping  the  pH  of  the  solution 
constant.  He  has  shown  that  each  of  the  salts  normally 
occurring  in  the  ash  of  gelatin  lowers  the  viscosity  to  a  marked 
extent.  This  is  not  surprising  in  view  of  the  fact  that  these 
same  salts  also  lower  the  viscosity  of  pure  water  quite  as  much 
as  they  do  gelatin  solutions,  as  will  be  seen  from  a  comparison 
of  Loeb's  values  for  gelatin  solutions  with  those  of  any  of 
the  physical  tables  for  the  same  salts  in  pure  water.  Un- 
doubtedly, then,  these  abnormally  low  viscosities  arc  due  to 
the  high  ash  content  of  the  gelatins.  To  test  tliis  by  bringing 
the  gelatins  to  the  same  ash  content  it  was  necessary  to  ash  a 
quantity  of  Samples  3  and  5  and  to  add  this  ash  to  solutions 
of  these  same  gelatins,  so  that  they  would  have  the  same 
ash  content  as  Samples  2  and  6,  respectively.  The  samples 
could  not  all  be  washed  to  the  same  ash  content  for  this 
would  change  the  composition  of  the  sample  by  removing 
some  of  the  more  soluble,  more  hydrolyzed,  fractions.  Not 
all  of  the  added  ash  could  be  dissolved  in  the  gelatin  solution, 
but  what  did  dissolve  lowered  the  viscosity  to  such  an  extent 
as  to  bring  the  viscosity  measurements  at  40°  into  accord 
v\ith  the  jell  strength  measurements  at  21°.  The  difference 
in  ash  content  of  gelatins  is,  then,  the  main  cause  for  the  lack 

"  J.  GtH.  Physiol.,  a  (1021),  391. 
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of  agreement  between  classifying  gelatins  by  viscosity  and 
jell  strength  measurements,  and  for  a  given  ash  content 
viscosity  measurements  may  be  substituted  for  jelly  strength 
measurements.  Visco.sity  measurements  may  be  expressed 
in  absolute  units  and  may  be  very  accurately  determined; 
this  is  not  true  of  jell  strength  measurements. 

Acid  and  Alkali-Gelatin  Combination  and  the  Molec- 
ular Weight  of  Gelatin 

The  behavior  of  various  proteins  when  subjected  to  the 
effects  of  added  acids,  bases,  and  salts  has  long  since  been  the 
subject  of  many  investigations."  Ostwald  and  Fischer" 
give  an  excellent  summary  of  the  situation  up  to  that  date 
(1915)  in  the  following  paragraph: 

The  most  striking  fact  that  the  study  of  the  influence  of  electro- 
lytes on  the  viscosity  of  purified  proteins  has  brought  out  is  the 
enormous  change  in  viscosity  which  is  produced  by  traces  of 
electrolj'tes.  »  •  *  •  »  jj  remains  for  futiu-e  investigators 
to  give  us  a  clear  and  comprehensive  presentation  of  this  subject. 

This  summary  of  the  situation  in  1915  is  excellent,  concise, 
and  accurate.  Thanks  to  Loeb,  attention  has  been  directed 
to  activnty  relationships,  and  he  has  studied  the  effects  of 
different  hydrogen-ion  concentrations  in  addition  to  the  effects 
of  different  quantities  of  electrolytes.  Although  many  of 
Loeb's  results  are  open  to  different  interpretations  and  there- 
fore many  of  his  conclusions  may  be  unacceptable  to  other 
investigators  in  this  field,  the  fact  remains  that  many  of  the 
confusing  data  have  been  classified  and  correlated  by  con- 
sidering the  effects  of  different  hydrogen-ion  concentrations. 
The  implied  hope  of  Ostwald  and  Fischer  is  rapidly  being 
attained. 

Previous  investigators  had  found  maxima  in  the  viscosity- 
acidity  curves  and  in  the  viscosity-alkali  curves,  but  since 
these  maxima  were  at  different  points  for  different  acids  and 
alkalies  no  general  conclusions  could  be  arrived  at.  Loeb 
has  shown  the  existence  of  a  maximum  at  pH  3.5,  regardless 
of  the  acid  employed.  This  has  been  verified  by  various  other 
investigators,  including  the  authors.  In  seeking  the  cause  of 
this  maximum  the  older  investigators  suggested  hydrolysis 
as  the  cause  of  the  decline  in  viscosity  after  reacliing  the 
maximum.  Northrup'^  has  shown  that  between  the  limits 
pH  2.0  and  pH  10.0  the  rate  of  hydrolysis  is  practically  con- 
stant. The  same  thing  was  found  by  Davis,  Oakes  and 
Browne." 

Loeb  seeks  the  explanation  for  these  maxima  in  the  Donnan 
equilibrium  relationship,  but  his  arguments  are  not  entirely 
convincing. 

In  experimenting  with  a  number  of  different  grades  of 
gelatin,  the  authors  discovered  that  the  higher  grades  re- 
quired less  acid  to  bring  them  to  the  point  of  maximum  vis- 
cosity at  pH  3.5.  In  fact  it  was  found  that  a  definite  relation- 
ship exists  between  the  grade  of  a  gelatin  and  the  acid  re- 
quired to  titrate  it  over  the  range  pH  4.7  to  pH  3.5.  Since 
there  is  probably  no  gelatin  that  is  not  made  up  of  a  series 
of  the  products  of  hydrolysis  of  the  original  tissue,  no  gelatin 
can  have  what  may  be  called  a  molecular  weight.  What  is 
determined  is  the  mean  molecular  weight  of  all  the  various 
fractions  making  up  the  gelatin  sample.     The  low-grade 

"  Von  Schroeder,  Z.  physik.  Chem.,  46  (1903),  73;  Lewites,  KoUoid-Z., 
S  (1908).  208;  Gokun,  Ibid.,  3  (1908),  84;  Laqueur  and  Sackur,  Bofmeisler's 
Beitr..  3  (1903).  193;  Hardy,  J.  Physiol.,  33  (1905),  251;  Pauli  and  co- 
workers, Kolloid-Z.,  3  (1908),  2;  7  (1910),  241;  Biochem.  Z.,  47  (1910), 
296;  Zoja,  Kolloid-Z.,  S  (1908),  249;  Procter.  Ibid..  3  (1908),  307;  J.  Chem. 
Sac,  106  (1914),  313;  Procter  and  WUson,  Ibid..  109  (1916),  307;  Tolman, 
/.  Am.  Chem.  Soe.,  36  (1913),  307,  317;  Tolman  and  Steam, /iid..  40  (1918). 
264;  Robertson,  Van  Slyke,  Ostwald,  and  Fischer  in  their  texts  and  journal 
articles. 

"  "Handbook  of  Colloid  Chemistry,"  170. 

'•  /.  Gen.  Physiol.,  3  (1921),  715. 


gelatins  are  more  completely  hydrolyzed  and  have  more  of  the 
lower  molecular  weight  fractions.  The  high-grade  gelatins 
are  less  hydrolyzed  and  have  a  greater  mean  molecular  weight. 
Among  others,  Bogue"  has  touched  upon  this  phase.  In 
seeking  an  explanation  for  the  maximum  in  the  viscosity-pH 
curve  many  considerations  lead  to  the  conclusion  that  a  com- 
pound is  formed  at  this  point.  The  fact  that  the  higher  the 
mean  molecular  weight  of  the  gelatin  the  less  acid  is  required 
to  titrate  over  the  range  pH  4.7  to  pH  3.5  lent  considerable 
support  to  this  view.    In  order  to  test  this  point  more  thor- 


2  3 

Age  in  Hours 

oughly  a  number  of  gelatins  of  varying  grades,  and  therefore 
different  mean  molecular  weights,  were  titrated  over  this 
range.  In  calculating  the  mean  molecular  weights  from  these 
titration  results,  the  quantity  of  acid  required  to  titrate 
pure  water  over  the  same  range  was  subtracted  from  that 
required  by  the  gelatin  and  two  assumptions  were  made. 
One  assumption  was  that  the  gelatin  molecules  were  mono- 
acidic  bases  in  their  combining  with  acid.  The  second  as- 
sumption was  that  the  hydrolysis  of  the  gelatin  acid  compound 
was  negligible.  Neither  of  these  assumptions  is  justified 
on  the  basis  of  experimental  facts,  but  the  results  are  un- 
doubtedly valuable  in  showing  the  variation  of  mean  molecu- 
lar weight  with  physical  properties.  Also  these  results 
serve  to  fix  the  order  of  the  mean  molecular  weight  of  gelatin 
since  neither  assumption  could  account  for  the  differences 
between  800  and  100,000  as  have  been  obtained  by  previous 
investigators.  Paal'*  and  Procter"  report  a  molecular 
weight  of  around  840,  while  Smith™  obtains  a  molecular  weight 
around  96,000. 

By  dissohdng  1  g.  of  gelatin  in  99  cc.  of  water  and  titrating 
over  the  range  pH  4.7  to  pH  3.5  with  0.2  M  HCl  and  sub- 
tracting the  amount  of  acid  necessary  to  titrate  the  same 
amount  of  water  over  this  range,  the  molecular  weights  were 
calculated  as  described  above.  These  values  are  given  in 
Table  V  along  with  the  jelly  strength  of  each  gelatin. 

>'  Chem.  Mel.  Eng.,  23  (1920),  o,  61,  105,  154,  197. 

"  Ber.,   26  (1892),  1202. 

n  J.  Chem.  Soc.,   106  (1914),  313. 

"J.  Am.  Chem.  Soc..  43  (1921).  1350. 
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Tablb  V — MOLBCm.AB  Wbights  o»  Vasiocs  Gblatjns 


Jell  Strength 

pH  4.2; 

21.0°  C. 

59 

430 

565 

800 

1025 


Cc.  0.2  il  HCl 

to  Change  I  G. 

Gelatin  from 

pH  4.7  to 

pH  3.5 

3.79 

2.85 

2.70 

2.48 

2.40 


Molecular 
Weight  of 
Gelatin 

1319 

1753 

1852 

2018 

2083 


These  results,  burdened  as  they  are  by  assumptions  as  to 
the  monacid  character  of  the  gelatin  and  the  absence  of 
hydrolysis  of  the  gelatin  acid  compound,  plainly  indicate  the 
order  of  magnitude  of  the  molecular  weight  and  its  pro- 
gressive increase  with  the  grade  of  gelatin.  Additional  evi- 
dence is  also  furnished  as  to  the  formation  of  a  compound 


between  the  gelatin  and  the  acid.  Gelatin  at  the  isoelectric 
point  has  a  low  viscosity.  Addition  of  acid  results  in  the 
formation  of  a  gelatin  acid  compound  having  an  increased 
viscosity.  Addition  of  acid  alone  to  water  lowers  the  vis- 
cosity tremendously,  a  few  per  cent  sufficing  to  reduce  the 
viscosity  to  about  one-half  that  of  pure  water.^'  Conse- 
quently, when  the  gelatin  acid  combination  is  complete 
additional  acid  exerts  its  influence  and  the  %'iscosity  is  again 
lowered. 

Van  Slyke  and  Van  Slyke-^  give  an  excellent  bibliography 
of  work  supporting  the  view  of  the  formation  of  compounds 
between  proteins  and  acids  and  bases. 

"  Wagner,  Z.  physik.  Chem.,  6  (1890),  31. 
"  Am.  Chem.  J.,  38  (1907),  383. 


A  Study  of  the  Relation  of  Pectin  and  Acidity  in 
Jelly  Making' 


By  Lai  Singh 

California,  Berkelby,  Calikornia 


Jelly  can  ht  prepared  from  a  mixture  of  peclin,  acid,  sugar,  and 
water.  A  definite  relation  exists  between  the  amount  of  acid  present 
In  fruit  juices  and  the  amount  of  sugar  necessary  to  form  Jelly. 
Between  certain  limits,  the  greater  the  acidity  of  the  Juice  the  lower 
the  amount  of  sugar  required.  It  is  therefore  desirable  to  increase 
the  acidity  of  the  Juice  to  the  maximum  limit  compatible  with  taste, 
in  order  to  saoe  sugar. 

Within  certain  limits,  the  higher  the  percentage  of  pectin  in  a 
fruit  Juice  the  lower  the  amount  of  sugar  necessary  to  form  a  Jelly. 
After  a  certain  concentration  of  pectin  in  a  Jelly  is  reached,  any 
excess  remains  inactiee.  By  increasing  the  pectin  in  a  Juice  from 
0.9  per  cent  to  1.5  per  cent,  a  Jelly  maker  can  easily  save  ooer  15  per 
cent  of  sugar. 

It  Is  also  noted  In  this  article  that  the  lemon  peels  which  go  to  waste 
at  citric  acid  factories  would  yield  peclin  at  the  rate  of  over  90  lbs.  per 
Ion  of  waste  peels. 

PECTIN  and  acid  are  considered  the  two  necessary 
constituents  of  fruit  juices  in  jelly  making.  It  has 
also  long  been  recognized  that  juices  of  high  acidity 
yield  firmer  jellies  than  juices  equally  rich  in  pectin  but 
deficient  in  acid.  Ilowever,  no  published  data  are  to  be  found 
upon  the  effect  of  acid  concentration  upon  the  jelling  quality 
of  citrus  juices.  Con.sequfntly  the  following  series  of  experi- 
mentti  were  conducted  in  duplicate  to  determine  whether  or 
not  any  direct  relatif)nship  exists  between  the  amount  of  acid 
present  in  citrus  juice  and  the  jelling  point. 

Effect  of  Acid  Concentration 

In  this  series  of  experiments  pure  pectin  solution,  pure 
citric  acid,  water,  and  sugar  were  used. 

To  prepare  the  pectin  solution  commercial,  powdered  citrus 
fniit  i)rt:iiii  wiis  leached  in  boiling  water  and  filtered  through 
felt.  Four  extractions  were  made.  The  resulting  dilute  pectin 
solution  was  concentrated  to  about  one-fourth  of  its  original 
volume.  Triplicate  analysis  by  alcohol  precipitation  showed 
this  solution  to  contain  5.5  per  cent  pectin.  A  citric  acid 
solution  containing  25  p.  of  acid  per  100  cc.  was  used  as  a 
source  of  acid. 

Small(100-g.;lotsof  jelly  were  made  in  which  the  amount 
of  pectin  (1.5  g.)  was  kept  constant.  The  acid  concentra- 
tion and  sugar  were  variwl  in  a  definite  and  carefully  con- 

■Receind  May  18,  1922. 


trolled  manner  in  order  to  determine  the  eSect  of  acidity  upon 
the  jelling  point. 

For  example,  in  preparing  a  sample  to  contain  1.5  per  cent 
pectin,  1  per  cent  acid,  and  CO  per  cent  sugar  there  were  added 
to  27.3  cc.  of  pectin  solution  (equivalent  to  1.5  g.  of  pectin) 
in  a  weighed  aluminium  stew  pan,  4  cc.  of  citric  acid  solution, 
60  g.  of  sugar,  and  a  small  amount  of  water.  The  mixture 
was  boiled  to  dissolve  the  sugar  and  to  concentrate  the  solu- 
tion until  it  reached  a  weight  of  exactly  100  g.  It  was  then 
poured  into  a  jelly  glass,  covered  to  prevent  evaporation,  and 
stored  for  12  to  24  hrs.  to  observe  whether  or  not  the  product 
formed  jelly.  In  ca.se  it  jellied  the  same  experiment  was  re- 
peated with  smaller  amounts  of  sugar,  e.  g.,  57,  55,  53,  etc., 
g.,  successively.  If  it  did  not  jell,  larger  amounts  of  sugar 
were  used  successively.  By  this  process  of  elimination  the 
sugar  concentration  was  determined  within  1  per  cent  for  the 
jelling  point  at  1  per  cent  acidity. 

In  a  similar  fashion,  more  than  one  liundrcd  samples  were 
prepared  and  the  minimum  concentrations  of  sugar  necessary 
barely  to  form  jelly  at  a  number  of  different  acid  concentra- 
tions were  determined.  The  results  appear  in  Table  I  and 
Fig.  1. 

Table  I — Relation  of  Acidity  and  Minimum  Sugar  Concentration  to 

Produce  Jelly  Pectin  Concentration  Constant 

throughout  the  Series  at  1.5  Per  cent 


Total  Acid  Present  in 

Sugar  Required  Barely 

Finished  Product 

to  Cause  Jelling 

Per  cent 

Grams 

0.05 

75 

0.17 

64 

0.3 

61.5 

0.65 

66.5 

0.75 

1.05 

53.5 

1.3 

1.55 

52 

1.75 

2.05 

50.5 

2.55 

3.05 

SO 

3.56 

4.05 

SO 

Sugar  tended  to  crystallize  out  on  the  surface  of  jellies  in 
Fxpt.  1  after  about  three  days;  in  Expt.  2  after  about  a 
week;  in  Expt.  3  to  a  very  slight  e-xtent  after  about  a  month. 
In  the  other  lots  this  tendency  was  not  observed.  This 
absence  of  crystallization  may  be  partly  due  to  the  hydrolysis 
of  the  cane  sugar  by  the  high  concentrations  of  acid  used, 
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but  is  more  probably  duo  to  the  lower  sugar  concentrations 
required  for  jelly  formation  at  the  higher  acidities. 

No  jellies  of  C5  per  cent  sugar  concentration,  or  higher, 
showed  any  tendency  to  mold,  while  the  jellies  with  less  than 
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65  per  cent  of  sugar  molded  in  most  cases.  All  of  the  jellies 
which  tended  to  mold  were  those  which  remained  exposed  to 
the  atmosphere  for  about  a  week.  Those  which  were  tightly 
covered  with  sterile  caps  as  soon  as  poured  into  sterilized 
jelly  glasses  gave  little  e^^dence  of  molding  even  when  the 
concentration  was  about  55°  Balling. 

It  would  appear  justifiable  from  this  experiment  to  draw  the 
following  conclusions: 

1 — Contxary  to  the  claims  made  in  the  literature,  it  is  possible 
to  prepare  jelly  from  a  mixture  of  pectin,  acid,  sugar,  and  water 
even  if  it  is  quite  deficient  in  acid. 

2 — There  is  a  definite  relation  between  the  amount  of  acid 
present  in  fruit  juice  and  the  amount  of  sugar  necessary  to  form 
jelly.  Between  certain  limits,  the  greater  the  acidity  of  the  juice 
the  lower  the  amount  of  sugar  necessary.  This  relation  is  very 
marked,  especially  when  the  acidity  of  the  juice  is  comparatively 
low.     For  instance,  the  sample  of  0.1  per  cent  acidity  required 

66  per  cent  sugar  to  jell,  but  when  the  acidity  was  increased  to 
0.2,  0.5,  and  1  per  cent,  jelly  was  formed  at  62°,  57°,  and  54° 
Balling,  respectively.  Thus,  by  increasing  the  acidity  of  the 
juice  from  0.1  to  1.7  almost  20  per  cent  of  sugar  was  saved.  In- 
crease of  acidity  beyond  2  per  cent  did  not  materially  decrease 
the  sugar  percentage  necessary  for  jelling. 

From  the  viewpoint  of  the  commercial  jelly  manufacturer,  as 
well  as  the  home  jelly  maker,  it  is  desirable  to  increase  the  acidity 
of  the  juice  to  the  maximum  limit  compatible  with  the  taste  of 
the  consumer,  in  order  to  economize  on  sugar.  Cull  lemons 
offer  a  cheap  and  excellent  source  of  acid  either  in  the  fresh  juice 
or  for  citric  acid. 

3 — If  jelly  is  prepared  at  sugar  concentrations  lower  than  65 
per  cent,  the  container  and  contents  must  be  pasteurized. 

Effect  of  Pectin  Concentration 

An  experiment  similar  to  the  one  just  described  was  con- 
ducted to  determine  the  relation  of  pectin  concentration  to 
the  jelling  point. 

The  procedure  for  this  experiment  was  similar  to  that 
adopted  for  the  previous  experiments  on  the  effect  of  acidity 


upon  the  jelling  point  of  juice.  The  concentration  of  acid 
was  kept  constant  throughout  the  experiments  while  the 
amount  of  pectin  was  varied.  The  final  product  in  each  lot 
was  100  g.  The  amount  of  acid  used  throughout  was  6  cc. 
equivalent  to  1.5  g.  of  citric  acid.  The  pectin  solution  con- 
tained 5.5  per  cent  pectin. 


Various  lots  of  jelly  containing  0.5,  0.75,  0.9,  1,  1.25,  1.5, 
1.75,  2,  4.2,  and  5.5  per  cent,  respectively,  of  pectin,  based 
upon  the  finished  product,  were  prepared,  and  the  minimum 
concentration  of  .sugar  required  barely  to  form  jelly  in  each 
case  was  determined.  The  results  are  given  in  Table  II  and 
Fig.  2. 


Tablb  II — Relation  op  Puctin  Conckntration  to  Jelling  Point 

Sugar  Present  in  Finished 

Pectin  in 

Finished  Product 

Concentration  for  Jelling 

Per  cent 

Per  cent 

0.5 

No  jelly  formed  at  any 

0.75 

0.9 

65 

1. 

62 

1.25 

54 

1.5 

52 

1.75 

61 

2. 

40.5 

2.75 

48 

4.2 

45 

5.5 

43 

The  pectin  solution  employed  in  these  experiments  was 
prepared  by  dissolving  a  commercially  prepared  powdered 
pectin  in  water.  Its  pectin  content  was  determined  by  alcohol 
precipitation  and  although  it  contained  some  impurities  the 
results  are  at  least  comparative. 

The  above  experiments  show  that,  within  certain  limits, 
the  higher  the  percentage  of  pectin  in  the  juice  the  lower  the 
amount  of  sugar  required  to  form  jelly.  This  fact  is  most 
noticeable  in  jellies  containing  0.5  to  1.5  per  cent  pectin. 
The  curve  is  very  sharp  between  these  two  limits,  becom- 
ing almost  horizontal  after  a  concentration  of  2.5  per  cent 
pectin  is  reached. 

It  also  appears  that  after  a  certain  concentration  of  pectin 
is  reached  in  a  jelly  any  excess  added  remains  inactive  or 
undissolved.  For  instance,  it  was  noticed  that  all  the  jellies 
containing  2  per  cent  or  less  pectin  were  normal  and  showed 
no  distinct  taste  of  pectin.  But  when  the  pectin  concentra- 
tion was  raised  to  2.75  per  cent  in  the  jelly,  a  crust^Uke  forma- 
tion appeared  on  the  jelly  which  was  not  only  stiffer  but  less 
sweet  than  the  lower  portion  of  the  jelly.  This  became  more 
and  more  evident  as  the  concentration  of  pectin  was  increased. 

This  experiment  shows  how  essential  it  is  for  a  jelly  maker 
to  see  to  it  that  his  juice  is  rich  in  pectin,  because  it  vdW  mean  a 
great  saving  in  sugar.  For  instance,  by  increaskig  the  pectin 
in  the  juice  from  0.9  to  1.5  per  cent  (based  on  the  finished 
product)  a  jelly  maker  can  easily  save  over  15  per  cent  sugar. 
Even  a  saving  of  10  per  cent  of  sugar  in  big  commercial 
factories  amounts  to  thousands  of  dollars  per  month. 

Pectin  Content  of  Waste  Lemon  Peel 

In  conjunction  with  this  experiment  the  writer  undertook 
to  determine  quantitatively  the  amount  of  pectin  in  waste 
lemon  peels  which  at  present  largely  go  to  waste  at  citric 
acid  factories.  It  was  found  that  waste  lemon  peels  are 
extremely  rich  in  pectin,  800  g.  of  peels  yielding  37  g.  of  pure 
powdered  pectin,  or  at  the  rate  of  over  90  lbs.  of  pectin  per 
ton  of  waste  lemon  peels.  Consequently  the  waste  lemon 
peels  constitute  a  commercial  source  of  pectin.  The  peels 
can  be  boiled  separately  and  the  extract  or  purified  pectin 
added  to  orange  juice  to  supply  pectin,  or  it  can  simply  be 
added  to  sliced  oranges  and  boOed  with  the  latter  for  extrac- 
tion of  juice  to  make  jelly  or  marmalade. 


Carnegie  Institute  of  Technology  at  Pittsburgh  has  been 
selected  by  the  United  States  Naval  Academy  to  give  advanced 
coiu'ses  in  metallurgy  to  its  graduate  ofBcers.  Beginning  next 
September,  the  Academy  will  send  two  ordnance  officers,  gradu- 
ates of  the  Academy,  for  a  year's  study,  which  will  include 
graduate  work  in  advanced  metalliu'gy  with  some  studies  in 
electricity  and  physical  chemistry.  Other  groups  of  graduate 
officers  are  assigned  each  year  to  various  colleges  or  universities 
to  study  along  specialized  lines,  but  Carnegie  Institute  is  the 
only  school  chosen  for  metallurgical  instruction. 
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Moisture  Ahsorptive  Power  of  Different  Sugars  and  Carbo- 
hydrates under  Varying  Conditions  of 
Atmospheric  Humidity' 


By  C.  A.  Browne 

80  SoDTH  St..  New  Yore,  N.  Y. 


In  lesls  in  which  dried  carbohydrates  were  exposed  la  atmospheric 
humidity  (60  per  cent),  starch  showed  the  greatest  moisture  ab- 
sorptice  power  during  the  first  hour.  Next  in  order  came  cellulose 
and  agar.  Leculose.  which  is  considered  by  many  the  most  hygro- 
scopic of  the  carbohydrates,  was  eleventh  on  the  list.  The  lowest 
absorption  was  shown  by  dextrose,  mannitol.  and  sucrose. 

In  a  saturated  atmosphere,  however,  the  leculose-containing  male- 
rials  showed  the  highest,  mannitol  the  lowest,  absorptive  power. 

When  the  samples  were  allowed  to  come  to  equilibrium  under 
ordinary  atmospheric  conditions  after  exposure  to  100  per  cent 
humidity,  all  lost  moisture  except  lactose  and  raffinose,  which 
showed  a  slight  gain  for  many  months.  Sugars  which  absorbed 
moisture  in  excess  of  the  monohydrate  form  lost  moisture  to  the  point 
of  monohydralion.  Sucrose  continued  to  lose  moisture  during  a 
period  of  two  years 

While  the  absorptive  power  of  the  substances  studied  was  highest 
In  periods  of  high  humidity  and  lowest  in  periods  of  lowest  humidity, 
no  fixed  relationship  could  be  established  between  percentage  humidity 
and  moisture  content,  owing  to  the  rapidity  of  atmospheric  fluctua- 
tions and  the  lag  in  the  absorptive  power  of  each  material. 

THE  gain  and  loss  in  weight  of  different  food  materials 
under  varying  conditions  of  atmospheric  humidity 
was  the  subject  of  a  paper  which  the  author  read  before 
the  Division  of  Agricultural  and  Food  Chemi.stry  at  the 
I'hiladelphia  Meeting  of  the  A.merican  Chemic.\l  Society 
in  1919.  Since  then  the  experiments  have  been  continued 
\nth  a  number  of  different  ,'iugars  and  carbohydrates,  singly 
:ind  in  mixtures,  and  a  few  general  results  of  the  work  are 
reported  in  the  present  paper. 

The  materials  used  in  the  experiments  were  the  sugars 
'  ■■  '  :'  .  rliamnose,  sucrose,  malto.se,  lactose,  and 
r  alcohol  mannitol;  the  polysaccharides 
■,  the  hcmiccilulosp  .'igar;  and  five  com- 
uieriittl  lijod  products  containing  a  mixture  of  sugars,  viz.,  a 
refinrr's  nirilas.ses,  a  low-grade  honey,  a  maltose  sirup,  a 
i'  i.  and  a  commercial  invert  sugar. 

.iices  were  first  dried  in  a  vacuum  oven  to  con- 
^  111  the  presence  of  phosphorus  pentoxide  in  order 
to  remove  all  traces  of  moisture.  About  1  g  of  the  powdered 
anhydrous  material  was  then  spread  over  the  bottom  of  a 
weighing  bottle,  proN-idcd  with  a  ground-glass  stopper,  and 
exposed  to  the  air.  The  al)sorptive  power  for  moisture  was 
measured  by  weighing  the  Ixittles  at  regular  intervals  and 
noting  the  increa.-<e  in  weight  (Table  I). 

The  anhydrous  m:iterial  which  showed  the  greatest  absorp- 
tive power  for  tni>i.4ure  during  the  first  hour  of  exposure  was 
the  poly.-accharide  starch,  with  1.04  per  cent  absorption. 
Tliis  result,  wlule  iwrhaps  surprising  to  many,  will  not  be  un- 
ctpecteci  by  those  who  have  worked  with  this  carbohydrate. 
Moisture  is  nb-irbed  from  the  air  by  anhydrous  st.'irrh  with  so 
much  a\-idity  that  heat  is  evolved.  The  substances  ranking 
next  to  starch  in  abwirptive  power  during  the  first  hour  of 
exposure  were  cellulose  with  0.89  per  cent  and  agar  with 
0.88  per  cent  absorption. 

'  Pratcntnl  bcfor*  the  Dlriiioo  ot  Sujm  ChemUtry  at  the  63rd  Mett- 
ln(  of  the  Anwrican  Cbcmtral  Society.  lUrminxham.  Ala..  April  3  to  7,  1922. 


The  sugar  which  is  first  in  absorptive  power  during  the  first 
hour  of  exposure  is  anhydrous  maltose,  w-ith  a  gain  in  weight 
of  0.80  per  cent;  then  follow  anhydrous  raffinose  with  a  gain 
of  0.74  per  cent,  and  anhydrous  lactose  with  a  gain  of  0.54 
per  cent.  The  high  absorptive  power  of  these  sugars  shows 
the  necessity  of  preserving  them  in  hermetically  sealed  con- 
tainers. 

The  substances  ranking  next  in  absorptive  power  are  the 
anhydrous  solids  of  molasses  with  a  gain  of  0.46  per  cent,  honey 
with  0.44  per  cent,  glucose  sirup  with  0.29  per  cent,  and 
maltose  sirup  with  0.28  per  cent. 

The  eleventh  material  upon  the  list,  with  0.28  per  cent 
absorption,  is  the  sugar  levulose,  which  according  to  general 
opinion  is  the  most  hygroscopic  of  all  carbohydrates.  Pure, 
dry  levulose  is  not  excessively  hygroscopic  at  first.  It 
absorbs  moisture  slowly  but  what  it  does  absorb  is  retained 
with  great  tenacity.  As  the  percentage  of  absorbed  moisture 
increases  and  the  levulose  begins  to  liquefy,  the  rate  of  ab- 
sorption increases  rapidly. 

The  substances  of  lowest  absorption  during  the  first  hour 
of  exposure  were  dextrose  with  0.07  per  cent  gain  in  weight, 
mannitol  with  0.06  per  cent  gain,  and  sucrose  with  0.04  per 
cent  gain.  The  results  are  all  given  in  the  first  column  of 
Table  I. 

The  exposure  of  the  substances  during  the  first  hour  was  at 
a  temperature  of  about  20°  and  a  relative  humidity  of  about 
60  per  cent.  With  the  varied  class  of  products  used  in  these 
comparisons  some  reached  moisture  saturation  before  others 
so  that  the  relative  order,  at  the  point  where  there  is  no 
longer  any  increase  in  weight,  was  different  than  at  the  end 
of  the  first  hour.  At  the  end  of  9  days  a  general  condition  of 
equilibrium  was  reached  where  the  percentages  of  absorbed 
moisture  were  found  to  be  as  given  in  the  second  column  of 
Table  I.  The  average  temjjerature  during  this  9-day  period 
was  19.6°  and  the  average  relative  humidity  61  per  cent. 

TaDLB    I — P8R    CBNT    MOISTURE    AbSOHBBD    FROM    AlR    AT   20°    C. 


Anhydrous 
Matbrial 
Starch 
Cellulose 
AK-ar 
Maltose 
RafHnose 
Lactose 
Molasses 
Honey 

Commercial  glucose 
Molt  sirup 
Levulose 

Commercial  invert  sugar 
Khnmnosc 
Pure  invert  sugar 
Dextrose 
Mannitol 
Sucrose 
>  Moisture  absorption  still 


GO  Per  cent 

Humidity 

1  Hour 

1.04 

0.89 

0.88 

0.80 

0.74 

0.54 

0.49 

0.44 

0.29 

0.28 

0.28 

0.19 

0.18 

0.16 

0.07 

0.06 

0.04 
progressing  at 


60  Per  cent     100  Per  cent 


idity 
9  Days 
12.98 

5.37 
20.34 

6.97 
12.90 

1.23 

9.66 
10.00 

9.00 

8.S4 

0.63 

5.05 

5.00 

3.00 

0.07 

0.05 

0.03 
end  of  25  days 


Humidity 
25  Days 
24.37 
12.57 
42.98 
18.35 
15.91 

1.38 
68.921 
74.10' 
47.14' 
.10.96' 
73.39' 
76.68' 
13.12 
73.96' 
14.60 

0.42 
18.35' 


It  will  be  noted  that  after  9  days'  exposure  the  heiniccllulose 
material  agar  showed  the  highest  moisture  absorption  with 
20.154  per  cent,  .starch  being  second  with  12.98  per  cent,  and 
raffinose  third  with  12.90  per  cent.  Anhydrous  raffinose 
exceeds  any  other  sugar  in  its  absorptive  power;  the  amount 
absorbed  at  the  end  of  9  days  is  still  5  per  cent  below  the 
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theoretical  figure  for  raffinose  pentahydrate.  The  levulose- 
containing  materials,  honey  and  molasses,  had  absorbed  10 
per  cent  and  9.G0  per  cent  of  moisture,  respectively,  com- 
mercial invert  sugar  5.05  per  cent,  chemically  pure  invert 
sugar  (made  by  mixing  pure  dextrose  and  levulose  in  equal 
proportions)  3  per  cent,  while  pure  levulose  itself  absorbed 
only  0.03  per  cent.  Anhydrous  dextrose,  mannitol,  and 
sucrose  are  unchanged  at  the  end  of  the  list,  having  absorbed 
no  more  moisture  than  at  the  end  of  the  first  hour. 

Saturated  Atmosphere 

The  experiments  thus  far  conducted  were  made  at  the 
comparatively  low  relative  humidity  of  60  per  cent,  and  a  new 
experiment  was  accordingly  made  to  determine  how  much 
moisture  the  materials  would  absorb  from  a  water-saturated 
atmosphere.  This  was  accomplished  by  placing  the  prod- 
ucts in  a  closed  chamber  over  water  for  25  days;  although 
moisture  absorption  was  still  progressing  at  the  end  of  this 
time  with  many  of  the  substances,  the  experiment  was  not 
continued  longer  omng  to  the  danger  of  mold  formation. 

The  results  of  absorption  from  a  saturated  atmosphere, 
shown  in  the  third  column  of  Table  I,  reveal  some  very  sur- 
prising results.  The  highest  absorptive  power  is  no  longer 
held  by  the  insoluble  polysaccharides,  agar  and  starch 
(these  materials  ha^'ing  reached  their  saturation  point  at 
about  the  twentieth  day),  but  by  the  levulose-containing 
substances.  Commercial  invert  sugar  ranks  first  with  76.58 
per  cent  absorption,  honey  second  with  74.10  per  cent, 
C.  P.  invert  sugar  third  with  73.96  per  cent,  pure  levulose 
fourth  with  73.39  per  cent,  and  molasses  fifth  with  68.92  per 
cent.  The  presence  of  levulose  has  much  to  do  with  mois- 
ture absorption,  but  the  percentage  of  water  absorbed  bears 
no  relation  to  the  percentage  of  levulose  present.  Pure 
levulose,  for  example,  absorbed  73.39  per  cent  moisture 
and  pure  dextrose  14.50  per  cent.  A  mixture  of  these  two 
sugars  in  equal  amounts  might  then  be  expected  to  have  an 
absorption  equal  to  the  average  value  of  43.95  per  cent,  but 
according  to  experiment  this  mixture  had  an  actual  absorp- 
tion of  73.96  per  cent,  which  slightly  exceeds  that  of  pure 
levulose.  Certain  organic  and  mineral  substances  may 
possibly  accelerate  the  moisture-attracting  property  of 
levulose,  but  the  mechanism  of  the  process  and  the  formula- 
tion of  a  mixture  of  highest  absorptive  power  per  unit  of 
levulose  remain  to  be  worked  out. 

As  to  the  absorptive  power  of  other  sugars  at  100  per  cent 
humidity,  raffinose  absorbed  at  the  end  of  25  days  15.91  per 
cent  moisture,  which  is  still  about  2  per  cent  below  that  nec- 
essary to  form  the  pentahydrate;  dextrose  absorbed  14.50 
per  cent,  which  is  4.5  per  cent  more  than  necessary  to  form 
the  monohydrate;  rhamnose  absorbed  13.12  per  cent,  which 
is  over  2  per  cent  more  than  necessary  to  form  the  mono- 
hydrate;  lactose,  the  sugar  of  lowest  absorptive  power, 
attracted  only  1.38  per  cent  moisture,  which  is  stOl  less  than 
that  necessary  to  form  the  monohydrate.  The  substance 
of  lowest  moisture  attracting  power  at  100  per  cent  humidity 
was  mannitol  which,  notwithstanding  its  considerable  solu- 
bility, gained  only  0.42  per  cent  in  weight. 

AsSORFnON  AFTER  EXPOSURE  TO  100  PeR  CENT 

Humidity 

The  substances  after  a  25-day  exposure  in  a  moisture-sat- 
urated atmosphere  were  allowed  to  stand  again  under  ordi- 
nary atmospheric  conditions  until  equihbrium  was  once  more 
reached.  The  results  of  approaching  this  equilibrium  from 
the  anhydrous  state  and  from  a  more  or  less  moisture-satu- 
rated state  are  not,  however,  identical.  AH  of  the  products 
lost  moisture  upon  taking  from  the  moisture-saturated  at- 
mosphere, except  lactose  and  raffinose,  which  continued  to 


show  a  slight  gain  for  many  months.  This  was  to  be  expected, 
as  these  two  sugars  had  still  not  absorbed  the  necessary 
amount  of  moisture  to  complete  the  formation  of  the  stable 
lactose  monohydrate  and  raffinose  pentahydrate.  The  slow- 
ness of  final  complete  absorption  in  case  of  these  sugars  is 
probably  due  to  occlusion  of  unchanged  anhydride  witliin 
aggregates  of  the  hj'drate.  Sugars  which  had  absorbed 
moisture  in  excess  of  the  stable  monohydrate  forms,  such  as 
dextrose  and  rhamnose,  lost  moisture  to  this  point  of  mono- 
hydration,  and  there  remained  practically  constant,  dextrose 
with  about  10  per  cent  absorption  and  rhamnose  with  about 
11  per  cent.  Maltose  also  lost  moisture  after  removing  from 
a  saturated  atmosphere  and  went  back  to  approximately  the 
monohydrate  forms.  Levulose  decreased  from  73.39  to 
11.19  per  cent,  which  is  slightly  above  that  required  for  the 
monohydrate  combination. 

Tablb  II — Ranos  in  Moisturk  Absorption  during  thii  Yuar  undsr 

Ordinary  Atmospbsric  Conditions  for  Materials  Prbvioosly  Exposed 

TO  100  Per  cent  Humidity 

Lowest  Highest  Range 

Material                       Per  cent  Per  cent  Per  cent 

Agar                                               21.00  30.74  9.74 

Raffinose                                       15.77  16.24  0.47 

Starch                                            12.29  18.41  6.12 

Commercial  invert  sugar             11.81  34.73  22.92 

Molasses                                              11.51  33.00  21.49 

Commercial  glucose                        11.46  23.30  11.84 

Malt  sirup                                       11.28  24.36  13.08 

Levulose                                           11.19  36.31  25.12 

Rhamnose                                        10.85  12.29  1.44 

Honey                                               10.52  34.92-  24.40 

Dextrose                                          9.88  10.67  0.69 

Maltose                                           5.46  9.37  3.91 

Cellulose                                             5.06  10.89  5.83 

Lactose                                            1.33  1.69  0.36 

Mannitol                                            0.22  0.52  0.30 

The  range  in  moisture  content  of  the  different  materials 
during  the  year,  after  previous  exposure  for  25  days  to  100  per 
cent  humidity,  is  indicated  in  Table  II.  The  lowest  average 
interior  relative  humidity  for  the  climate  of  New  York  is 
about  50  per  cent  for  an  average  temperature  of  about  18.5°  C 
and  occurs  late  in  January;  the  highest  average  interior 
relative  humidity  for  this  climate  is  about  70  per  cent  for  an 
average  temperature  of  about  80°  C.  and  occurs  late  in  July. 
The  general  variation  in  moisture  content  of  the  materials 
studied  was  a  decrease  to  a  minimum  in  late  January  and  an 
increase  to  a  maximum  in  late  July. 

Of  the  substances  e.xamined,  lactose  and  mannitol  showed 
the  lowest  absorptive  power  and  the  lowest  range  between 
minimum  and  maximum.  The  substance  of  highest  ab- 
sorptive power  at  low  humidity  was  found  to  be  agar  with 
21.00  per  cent  water,  and  the  substance  of  highest  absorptive 
power  at  high  humidity  was  levulose  with  36.31  per  cent 
moisture.  In  a  previous  experiment  conducted  in  the  sum- 
mer of  1919,  the  percentage  of  moisture  absorbed  by  le\Tilose 
from  the  air  during  a  protracted  period  of  rain  reached  47.3 
per  cent  (Table  V).  The  average  moisture  absorptive  power 
of  levulose  for  different  months  of  the  year  is  shown  in  Table 
III. 

Table  III — Absorption  op  Water  by  Levulose  for  Different  Months 


OF  THE  Year 

Room 

Temperature 

Relattve 

Absorption 

Month 

°C. 

Humidity 

Per  cent 

January 

19.5 

53.9 

13.7 

February 

19.7 

47.5 

11.9 

March 

20.4 

56.7 

12.8 

April 

20.6 

58.9 

13.2 

May 

21.9 

•    61.8 

18.3 

June 

25.3 

71.5 

21.2 

July 

25.7 

70.0 

28.4 

August 

24.2 

72.1 

24.2 

September 

22.2 

71.4 

23.2 

October 

19.9 

69.0 

22.6 

November 

20.0 

60.1 

19.2 

December 

19.2 

56.0 

13.5 

The  experiments  of  Table  II,  as  previously  mentioned, 
were  conducted  upon  products  which  had  pre\dously  absorbed 
a  high  percentage  of  moisture  from  a  saturated  atmosphere. 
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The  belia\-ior  of  .sucrosp  upon  removing  from  this  atmosphere 
is  noteworthy.  While  the  other  sugars  and  products  came 
to  a  condition  of  equilibrium  with  the  laboratory  atmosphere 
in  about  6  wk-s.,  the  moist  sucrose  never  reached  this  condition 
but  continued  slowly  to  lose  moisture  during  a  period  of  2 
yrs.    The  results  are  given  in  Table  IV. 

Table  IV— Loss  or  Moistobb  rBOK  Wet  Sucrose  during  2  Yrs.  om 
Exposure  to  Room  Atuosphere 

Moisture  Moisture 

Date                      Per  cent  Date               Per  cent 

18.35  January  1.  1921         7.17 

11.58  April  1,  1921               6.35 

10.99  July  1,  1921                 4.21 

9.19  October  1,  1921          2.42 

7.75  January  1,  1922         1.72 


December  17.  1910 
February  1.  1920 
May  1.  1920 
July  1.  1920 
October  1.  1920 


The  tenacity  of  wet  sucrose  for  retaining  its  moisture  is 
probably  due  to  the  occlusion  of  water  within  aggregates  of 
crystals  which  retard  evaporation. 

\Vhile  the  absorptive  power  of  the  substances  studied  in 
this  investigation  was  highest  in  periods  of  high  humidity 
and  lowest  in  periods  of  low  humidity,  no  fixed  relationship 
can  be  established  between  percentage  humidity  and  moisture 
content  under  ordinary  conditions  owing  to  the  rapidity  of 
atmo.sphcric  fluctuations  and  the  inevitable  lag  in  the  ab- 
.'^orptive  power  of  each  material.  On  a  curve  of  falling  and 
ri.-iing  humidity  two  points  on  the  same  horizontal  can  be 
found  of  similar  atmospheric  saturation,  but  the  amount  of 
aljsorbcd  moisture  in  exposed  materials  at  those  points  is 
vastly  different.  This  is  showTi  in  Table  V,  which  was 
exhibited  at  the  Philadelphia  Meeting  in  1919,  whore  various 
exposed  substances  were  weighed  during  a  period  of  falling 
and  rising  humidity.  On  July  24  and  August  4  the  atmos- 
pheric conditions  as  regards  temperature  and  humidity  were 
exactly  alike  but  the  percentages  of  absorbed  moisture  upon 
these  days  varied  greatly,  the  difference  in  the  case  of  levulose 
exceeding  28  per  cent.  This  lag,  or  slowness  of  adjustment 
of  substance  to  its  equilibrium  with  the  atmosphere,  nullifies 
the  attempt  to  measure  atmospheric  moisture  by  the  so-called 
"weight"  hygrometer,  in  which  a  pointer  is  moved  by  the 
gain  or  loss  in  weight  of  some  hygroscopic  substance  such  as 
gelatin. 

Tadli    V — SuowiNO    Inplukncs   op   Lao   upon    Moisture    Absorptive 


Power 

Pallino  Huhiditv 

Rising  Humidity 

a^"^. 

July  24 
2.'i*C. 

August  4 
25°  C. 

August  8 
26.1°  C. 

847, 

70% 

70% 

82% 

Humidity 

Humidity 

Humidity 

Humidity 

Material 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Levulose 

47.3 

46.8 

18.5 

31.8 

Agar 

29.7 

29.4 

23.3 

26.3 

Gelatin 

26.0 

24.6 

18.9 

21.1 

Peptone 

21.0 

20.9 

11.5 

14.5 

Bread 

17.8 

17.2 

10.9 

13.6 

Celluloae 

9.3 

8.9 

6.2 

7.6 

Sucrose 

0.4 

0.3 

0.1 

0.2 

The  moisture  absorptive  power  of  the  sugars  and  other 
carbohydrates  has  many  practical  bearings.  There  is  first 
the  question  of  chemical  dealers  and  manufacturers  preparing 
sugars  only  in  the  most  stable  form.  Raffinose,  for  example, 
should  never  be  prepared  for  trade  purposes  as  the  anhydride 
but  M  the  stable  pentahydrat<>.  There  is,  second,  the  question 
«{  the  legal  standard  for  moisture  in  certain  carbohydrate 
fiKxi  products.  The  maximum  permis.sible  moisture  content 
of  starchy  f(xxl.s,  such  as  flour,  is  a  point  about  which  there  is 
considerable  difference  of  opinion.  There  is,  third,  the  que.v 
tion  of  the  U'.st  moans  of  preventing  farinaceous  foods,  such 
:i.s  cake,  from  tlrying  out.  Levulose  sirup  has  been  proposed 
I1.-I  the  best  .inti-desiccating  agent.  But  the  experiments 
show  that  or.iinary  invert  sugar  and  honey  are  equal  to 
levulose  in  moisture  absoriitivo  power.  There  is,  fourth,  the 
important  physiological  question  of  the  retention  of  moisture 
by  .seeds,  buds,  leave.-;,  .ind  the  growing  jiarts  of  plants  during 
germination  or  in  pericnls  of  droiiclit.     ll  is  hrn\  no  doubt. 


that  the  hemieelluloses,  of  which  agar  is  a  type,  plaj'  an  im- 
portant function  as  moisture  holders.  These  are  only  a  few 
of  the  many  practical  bearings  which  underly  the  subject  of 
the  moisture  absorptive  power  of  the  sugars  and  carbohy- 
drates. 


What  Next  in  Europe? 

By  H.  W.  Jordan 
133  Stolp  Ave.,  Syracuse,  New  Yore 

The  increasing  literature  of  commonsense  about  economics 
is  an  indication  of  passage  from  the  acidity  of  war  to  the  alka- 
linity of  sweet  harmony,  with  a  reaction  that  will  precipitate 
ultimate  payment  by  Europe  of  our  war  loans. 

The  authors  are  not  visionary  dreamers  or  chemists  out  of 
a  job.  For  instance.  Frank  A.  Vanderlip  of  the  National  City 
Bank,  New  York,  in  his  book  "What  Next  in  Europe?"  makes 
a  financial,  engineering  analysis  of  the  European  situation  aa 
it  relates  to  American  welfare  and  shows  that  we  must  sink  or 
swim  intellectually  and  industrially  with  Europe. 

Discussing  labor,  he  says,  "The  new  attitude  of  labor  appears 
to  me  to  be  perhaps  the  most  promising  element  in  the  European 
outlook.  I  have  been  universally  well  impressed  with  the  grasp 
of  economic  principles  which  these  men  have  shown  and  with 
their  intellectual  ability  to  argue  their  case.  Europe  is  sharply 
awake  to  the  horrors  that  come  upon  innocent  industrious 
people,  who  are  highly  specialized  in  their  craftmanship  and  can 
live  only  by  the  exchange  of  their  products,  if  the  whole  machinery 
of  international  exchange  is  throvra  into  confusion  by  war." 

He  proposes  a  plan  of  rehabilitation  under  American  direction 
which  would  result  in  ultimate  payment  of  our  eleven  billions 
loaned  Europe ;  a  plan  that  would  furnish  abundant  employment 
for  many  years  to  our  engineering  industries  and  that  would 
be  vividly  attractive  to  American  technical  men,  since  it  would 
yield  a  new  southeastern  Europe  quite  like  industrial  America. 
He  would  establish  great  scientific  laboratories  which  "through 
stimulation  of  technical  education  and  scientific  investigation 
would  give  the  world  new  knowledge  of  incalculable  value.  The 
expenditure  should  be  made  with  great  vision  of  the  future, 
rather  than  as  a  palliative  to  ease  the  distress  of  the  moment." 

"The  war  has  made  a  great  awakening  in  millions  of  dormant 
minds.  It  is  possible  that  newly  awakened  impulses,  if  they 
can  only  be  harnessed  up  to  the  machinery  of  production  and 
distribution,  can  result  in  great  actual  improvement  of  civil- 
ization." 

Mr.  Vanderlip's  supreme  recognition  of  the  part  that  engi- 
neers can  play  in  rehabilitation  is  epitomized  in  his  conclusion 
that  "if  administration  of  the  whole  project  of  expenditure 
were  placed  in  the  hands  of  a  Commission,  headed  by  Herbert 
Hoover,  I  think  we  could  all  safely  go  about  our  domestic  affairs 
and  find  nothing  but  satisfaction  as  we  read  the  report  of  th« 
work." 


The  members  of  the  Committee  of  the  League  of  Nations 
on  International  Cooperation  in  Intellectual  Work  include  in  the 
sciences:  Mine.  Curie;  Prof.  Albert  Einstein;  Miss  Bonnevie, 
professor  of  zoology  at  Christiania;  Dr.  A.  De  Castro,  of  the 
medical  faculty  of  the  University  of  Rio  de  Janeiro;  and  Dr.  L.  De 
Torres  Quevedo,  director  of  the  electromedical  laboratory  of 
Madrid.  The  commission  will  include  a  consideration  of  the 
following  topics:  possibilities  of  encouraging  and  improving  the 
organization  of  scientific  research  by  means  of  congresses,  com- 
missions, and  institutes;  the  international  relations  between 
universities  and  means  for  the  organization  of  an  international 
bureau  of  universities  and  possibly  an  international  university; 
and  intcniational  organization  of  scientific  bibliography  and 
exchange  of  scientific  publications. 
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The  Change  in  Viscosity  of  Oils  with  the  Temperature'' 

By  Wuislo,w  H.  Herschel 


U.  S.  BUKSAU  or  STANDAIDS,  WASniNGTOH,   D.  C. 


There  is  no  salisfactory  theoretical  equation  for  change  oj  vis- 
cosity with  the  temperature. 

Of  the  empirical  equations  which  have  been  used,  the  four-con- 
stant equation  of  Bingham  has  been  found  most  suitable  for  definite 
chemical  compounds  of  low  viscosity.  The  three-constant  equation 
of  Slotte,  in  various  forms,  has  proved  most  serviceable  for  oils 
of  comparatively  high  viscosity. 

The  graphical  method  of  Oelschliigcr  may  be  considered  as  based 
on  a  two-constant  equation,  simplified  from  Slotte's  equation, 
and  which  gives  straight  lines  on  a  logarithmic  diagram.  Oel- 
tchldger  should  have  used  absolute  viscosity  instead  of  the  "vis- 
cosity factor"  calculated  from  the  incorrect  Ubbetohde  formula. 
Oelschldger' s  assumption  that  logarithmic  viscosity-temperature 
graphs  are  straight  lines  is  sufficiently  accurate  for  practical  pur- 


poses, or  within  the  limits  of  accuracy  of  commercial  viscosimelry ,  if 
only  oils  of  medium  viscosity  are  considered,  excluding  spindle  and 
airplane  motor  oils,  as  well  as  fatty,  compounded  and  unrefined  oils. 

The  viscosity-temperature  graphs  meet  approximately  at  a  point, 
provided  all  oils  are  of  the  same  base,  and  that  the  oils  are  limited 
as  Just  mentioned. 

It  is  preferable  to  calculate  the  point  of  intersection  With  the  help 
of  a  diagram  in  which  the  slope  of  the  logarithmic  graph  is  plotted 
against  the  logarithm  of  the  absolute  viscosity  at  a  standard  tempera- 
ture. 

The  equation  for  change  of  viscosity  with  the  temperature  may 
be  used  to  calculate  the  temperature  of  average  viscosity,  but  it  is 
sufficiently  accurate  to  take  this  temperature  as  equal  to  the  highest 
temperature  minus  one-third  the  range  of  temperatures. 


Importance    of    Small    Temperature    Coefficient    op 
Viscosity  for  Lubricating  Oils 

IT  is  well  known  that  an  oil  will  "thin  out,"  or  grow  less 
viscous,  as  the  temperature  increases,  but  the  theo- 
retical law  for  the  change  of  viscosity  with  the  tem- 
perature is  unknown  and  empirical  methods  must  be  em- 
ployed. The  change  of  viscosity  with  the  temperature,  or 
temperature  coefficient  of  viscosity,  is  different  for  different 
oils.  It  is  less  for  paraffin  than  for  naphthene  base  oUs  and 
less  for  fatty  than  for  petroleum  oils  from  any  crude,  castor 
oil  however  being  an  exception  to  this  rule.  From  a  practical 
point  of  view,  a  smaU  coefficient  is  desirable  for  a  lubricating 
oil  because  it  lessens  the  danger  of  seizure  when  the  tempera- 
ture of  a  bearing  is  accidentally  increased  above  its  normal 
nmning  value.  It  is  noteworthy  that  the  one  characteristic 
emphasized  by  German  engineers,  in  discussing  possible 
substitute  lubricants,  was  the  temperature  coefficient  of 
viscosity.^ 

Need   of  Estimating   Change  of    Viscosity  with  the 
Temperature 

Standard  temperatures*  have  been  adopted  in  commercial 
viscosimetry,  and  estimates  would  be  avoided  by  their  use, 
but  nevertheless  it  is  often  necessary  to  estimate  the  vis- 
cosity of  an  oil  at  one  temperature  from  the  known  viscosity 
at  another.  The  word  estimate  is  used  ad\isedly,  because 
the  relation  between  viscosity  and  temperature  is  not  accu- 
rately known,  two  dehveries  of  oil  are  seldom  identical,  and 
there  is  always  a  possibihty  that  impurities  ■niU  be  present 
which  exert  an  influence  upon  the  temperature  coefficient 
of  viscosity.  Thus  there  is  need  of  the  method  of  estimation 
suggested  in  this  paper,  rather  than  of  a  table,  equation  or 
diagram  for  each  oil.     An  examination  of    the    equations 

1  Received  March  2,  1922.  Presented  before  the  Section  of  Petroleum 
Chemistry  at  the  83rd  Meeting  of  the  American  Chemical  Society,  Birm- 
ingham, Ala.,  April  3  to  7,  1922. 

'  Published  by  permission  of  the  Director.  U.  S.  Bureau  of  Standards. 

•  Z.  Ver.  deut.  Ing.,  69  (1915),  478. 

<  The  standard  temperatures  in  the  United  States  are  100°,  130°,  and 
210°  F.  (37.8°,  54.4°,  and  98.9°  C).  but  use  is  also  made  of  104°,  131°, 
and  212°  F.  (20°,  53°,  and  100°  C.)  which  has  the  advantage  of  avoiding 
decimals.  See  Pror.  Am.  Soc.  Test.  Materials.  16, 1  (1915).  280;  19,  I  (1919), 
730. 


which  have  been  used  elsewhere  will  indicate  the  basis  of 
the  method  of  estimation  finally  used. 

Empirical  Equations  Expressing  Fluidity-Temperature 
Relations 

If  Saybolt  viscosity  (the  time  of  flow  of  oil  when  measured 
by  means  of  the  Saybolt  Universal  viscosimeter)  is  plotted 
against  temperature,  as  in  Fig.  1,  a  series  of  more  or  less 
hyperbohc  curves  is  obtained,  which  are  inconvenient  for 
extrapolation.  Little  is  gained  by  using  viscosity  in  poises, 
the  c.  g.  s.  unit  of  viscosity,  as  in  Fig.  2.  It  is  desirable  to 
adopt  a  method  of  plotting,  or  form  of  equation,  which  will 
give  fairly  straight  lines  with  as  great  a  variety  of  liquids 
as  possible. 

equation  with  two  constants,  using  fluidity — The 
range  in  viscosity  between  the  most  fluid  and  the  most  vis- 
cous petroleum  products  is  so  great  that  equations  which 
are  suitable  for  showing  the  vdscosity-temperature  relation 
of  lubricants  are  not  equally  convenient  for  gasolines.  For 
the  latter,  petroleum  products  with  a  viscosity  less  than 
that  of  water,  it  is  most  convenient  to  use  the  equation 


Fluidity  =   -    =  A  -|-  B< 


(1) 


Dean  and  Lane^  suggest  a  somewhat  similar  formula, 
but  use  kinematic  viscosity  (absolute  viscosity  in  poises, 
divided  by  the  density  in  g.  per  cc.)  instead  of  absolute  vis- 
cosity, with  temperatures  presumably  in  °C.,  and  find  that 
"if  the  reciprocals  of  the  kinematic  viscosities  as  ordinates 
are  plotted  against  the  temperatures  as  abscissas,  the  re- 
sulting lines  are  straight  for  the  lighter  fractions  and  only 
slightly  curved  for  the  heavier  fractions." 

Fig.  3,  partly  from  data  of  Thorpe  and  Rodger,*  shows 
fluidity-temperature  graphs  for  some  of  the  ahphatic  hydro- 
carbons and  other  very  fluid  liquids.  Graphs  for  commercial 
gasoline  and  its  substitutes  lie  between  those  for  water  and 
octane,  while  aviation  gasoUnes  lie  between  heptane  and 
hexane.    It  will  be  noted  that  the  graphs  are  much  straighter 

'This  Jodrnai,,  13  (1921),  779. 

•  E.  C.  Bingham  and  J.  P.  Harrison,  Z.  physik.  Chem.,  66  (1909),  12; 
calculated  from  data  of  T.  E.  Thorpe  and  J.  W.  Rodger,  Trans.  Roy.  Soc, 
London,  186  (1894),  397;  Winslow  H.  Herschel,  Bur.  Sids.,  Technologic 
Pater  126  (1919).  17. 
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than  in  Figs.  1  and  2,  and  that  their  cun^ature  decreases  as 
the  viscosity  decreases.  Yet  even  with  pentane  there  is  a 
Blight  divergence  from  the  straight-line  relation  indicated 
by  Equation  1. 


ftc   no    no    130    t4o    /so    no   no    no    i90    200   210 
Jemperafure,  °F 

Fio.  I — Saybolt  Viscosity-Thupbkaturs  Diagrah 


It  is  convenient  to  use  diagrams  of  the  form  of  Fig.  3  for 
extrapolation,  but  care  should  be  taken  not  to  extrapolate 
beyond  the  boiling  point  of  the  liquid  in  question.  In  esti- 
mating fluidities  at  temperatures  which  are  too  low  to  be 
conveniently  reached  in  testing,  it  is  assumed  that  the  fluidity 
at  the  point  of  solidification,  or  "pour  test,"  is  zero,  and  then 
the  graph  is  extended  to  pass  through  this  point,  as  shown 
for  one  of  the  samples  of  kerosene.  Water  is  an  exception, 
because  it  undergoes  a  sudden  change  in  consistency  when 
it  freezes,  instead  of  gradually  growing  more  viscous,  as  is 
the  case  with  mineral  oils. 

binoh.\.m's  equations  for  fltjidity-temperatdre  rel,a- 
TION— Bingh.im'a  belief  that  fluidities  are  additive  naturally 
led  to  his  use  of  fluidity-temperature  equations,  which  have 
prove<l  applicable  to  definite  chemical  compounds  of  low 
viscosity.'  Of  special  interest  are  his  equations  for  three 
of  the  liquids  shown  on  Fig.  3,  hexane,  octane,  and  water. 
For  hexane  he  found  the  equation 


t  "  0.21892  «  -  ?HJ  4.  254.03 


(2) 


where  I  is  the  temperature 
for  octane,'  he  found 


'C,  and  ^  is  the  fluidity; 


T  -  M  10074  ,>  -  343.42  - 


2.319.3 


1325100 


(3) 


where  T  is  the  absolute    temperature   ("C.  -f  273).    The 

»  A.  B.  DuniUn  and  F.  B.  Tholt.  -The  Vliccify  of  Liquids,"  ltl«,  27. 

•  B.  C.  Bingh«m.  Am.  Cktm.  J..  40  (1908).  279;  4S  (1910),  202.  Other 
■qnatloiu  (or  ocKnc  and  othtr  aliphatic  hTdrocarboni  arc  given  by  Dun«t«n 
■od  Tbola,  Lac.  iil  ,  S. 


equation  for  water'  is  a  four  constant  equation  of  somewhat 
similar  form  to  Equation  2: 


/  =  0.23275  (0  +  120)  +  8.435- 


«  +  120 


(4) 


According  to  Dunstan  and  Thole,  the  form  of  Equation  3 
has  been  found  more  accurate  than  that  of  Equation  2  to 
reproduce  fluidity  data  obtained  by  experiment,  but  it  is 
not  as  accurate  as  the  form  of  Equation  4  which  also  contains 
four  constants. 

It  is  generally  considered  that  the  more  constants  there 
are  in  an  empirical  equation  the  more  accurately  it  may  be 
made  to  fit  a  series  of  observed  points,  but  Karl  Pearson  has 
remarked  that  a  ciu-ve  based  on  too  great  a  number  of  con- 
stants may  follow  the  undulations  due  to  experimental 
error,  instead  of  taking  a  course  which  is  both  smoother  and 
more  nearly  correct.  However,  the  excessive  amount  of 
labor  involved  is  ordinarily  a  sufficient  guard  against  the 
use  of  too  many  constants. 

In  the  case  of  petroleum  oils,  where  constants  would  have 
to  be  determined  for  every  brand,  it  is  evident  that  the  uni- 
formity of  a  given  brand  is  not  sufficient  to  warrant  excessive 
accuracy.  There  is  also  considerable  doubt  as  to  what  form 
of  equation  best  applies  to  oils  of  high  viscosity,  as  the  equa- 
tions above  referred  to  have  never  been  used  for  very  viscous 
liquids. 

slotte's  formula — Thorpe  and  Rodger,'"  after  a 
thorough  examination  of  available  formulas,  concluded  that 
Slotte's   formula 

(5) 


(1  +  m)" 


(<j  +  D" 


gives  the  best  results.    Equation  5,  when  expanded  on  the 


00     120     140 

Temperature, 

Fio.  2 — Absoluts  Viscosity-Tbmpbratdrb  Diaorah 


160    180    200   220 

'F. 


•  E.  C.  Bingham,  Bur.  Slds.,  Set.  Paper  298  (1917),  75. 
'•  Tram.  Roy.  Soc.  London,  18S,   II   (1894),  438;  K.  F.  Slotte.  Beiit. 
m.  Phyiik,  1«  (1892),  182. 
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assumption  that  the  temperature  coefficient  is  small,  simpli- 
fies to 

A 


\  +  at  +  bt' 


(6) 


so  100 

Temperafoire,  °C 
Fig.  3 — Fluidity-Temperature  Diagr 


The  work  of  Dean  and  Lane  is  based  on  Equation  6, 
modified  by  substituting  kinematic  for  absolute  viscosity. 
They  say,  "This  is  in  effect  the  Slotte  equation,  which  is 
usually  employed  to  indicate  the  relation  between  absolute 
viscosity  and  temperature,  but  which  the  authors  have  found 
equally  useful  as  applied  to  kinematic  viscosity."  This 
method  has  the  advantage  that  kinematic  viscosity  is  ob- 
tained directly  from  readings  of  most  efHux  viscosimeters, 
while  to  obtain  absolute  viscosity  it  is  necessary  to  deter- 
mine density  (by  a  hydrometer  or  otherwise)  and  make  a 
further  calculation. 


If  Equation  5  is  written 


K 


{.t  -  A)" 


(7) 


where  K,  A,  and  n  are  constants  for  a  given  oil,  and  t  is  the 
temperature,  it  is  equivalent  to  several  of  the  simpler  equa- 
tions which  have  been  proposed.  If  w  =  3,  i  is  taken  in 
°  C,  and  A  =  -273,  Equation  7  is  equivalent  to  Batschinski's 
formiJa."  If  n  =  1,  Equation  7  takes  the  form  of  Hersey's''' 
Equation  49,  where  "A  is  the  apparent  solidifying  tempera- 
ture." 

A  similar  equation  was  found  by  Ellis,'^  who  found  that, 
"if  temperatures  be  taken  above  the  point  of  solidification 
of  the  oil,  and  viscosities  be  taken  with  reference  to  the  vis- 
cosity of  water,  then  (representing  temperature  by  T  and 
viscosity  by  V)  TV"  =  constant."  Bingham'^  also  makes 
the  viscosity-temperature  equation  depend  upon  the  solidify- 
ing temperature,  since  he  regards  fluidity  as  a  function  of 
the  "free  volimie,"  i.  e.,  the  volume  in  excess  of  that  at  the 
temperature  at  which  the  fluidity  is  zero. 

"  Proc.  Am.  Soc.  Test.  Materials,  14,  II  (1914).  5S3. 
»  M.  D.  Hersey,  Trans.  Am.  Soc.  Mech.  Eng.,  37  (1915),  190. 
"  R.  L.  Ellis,  paper  presented  before  the  Alabama  Light   &  Traction 
Association,  November  1913.     Met.  Chem.  Eng.,  10  (1912),  546. 
»  J.  Am.  Chem.  Soc,  36  (1914),  1391. 


Simplified  Slotte  Equation  with  Two  Constants 
If  A  in  Equation  7  is  zero, 


(8) 


which  represents  a  straight  line  on  a  logarithmic  diagram. 
Since  such  straight-line  diagrams  have  been  used  by  Oel- 
schliiger"  it  is  of  interest  to  examine  his  work  and  to  deter- 
mine what  justification  there  is  for  thus  simplifying  the  Slotte 
equation. 

oelschlager's  method — Oelschlager  has  given  equations 
and  diagrams  for  estimating  the  viscosity  of  oils  at  different 
temperatures,  but  his  whfile  work  is  based  on  the  unfortunate 
assumption  that  Ubbelohde's  equation  for  the  Engler  vis- 
cosimeter  is  reliable.  In  reality  the  error  in  this  equation 
is  about  20  per  cent  at  certain  viscosities." 

Oelschlager,  following  Ubbelohde,  uses  Z  to  denote  the 
"viscosity  factor"  which  is  equal  to  the  kinematic  viscosity 
of  the  oil,  divided  by  the  absolute  viscosity  of  water,  in 
poises,  at  0°  C.  Using  a  logarithmic  diagram,  he  plots  Z, 
as  obtained  from  Ubbelohde's  equation,  against  the  tempera- 
ture in  °  C,  and  obtains  a  series  of  straight  lines,  one  for 
each  oil,  which  intersect  the  axis  of  abscissas  (where  Z  = 
1,  the  viscosity  factor  of  water)  within  a  fairly  narrow  range 
of  temperatures.  Taking  the  average  temperature,  h,  at 
the  point  of  intersection  as  185°  C.  (365°  F.),  he  says  that 
for  most  oils  deviations  from  tliis  value  may  be  regarded  as 
within  the  experimental  error.  Then  in  order  to  find  the 
viscosity  of  an  oil  at  any  temperature,  t,  when  its  viscosity 
at  20°  C.  (68°  F.)  is  known 

log  Z  log  h  —  log  t 


log  Z2, 


log  h  -  log  20 


(9) 


from  which 


lotjig    Temperai-ure,°C 


LiTHMic  Viscosity-Tbupbraturb  Dlaoram,  Cbntigradb 

SCALS 


"Z.  Ver.  deul.  Ing.,  62  (1918),  422. 

"  Winslow  H.Herschel,  Bur.  Stds.,  Technologic  Paper  100  (1917),  9,  27. 
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log  Z  =  log  Z, 


2.267  -  logf 
'        0.966 


(10) 


where  Z,«  i.s  the  N-iscosity  factor  at  20°  C.  (68°  F.). 

OelschlaRcr  warii.s  liis  reader  that  his  method  should  be 
used  only  within  tlie  range  of  temperatures  covered  by  his 
teste,  20°  to  100°  C.  (68°  to  212°  F.),  and  that  the  value  of 
l\  is  only  approximate.  One  steam  engine  oil  gave  210°  C. 
(410°  F.)  and  another  lubricating  oil  gave  200°  C.  (392° 
P.).  According  to  his  diagram,  tlie  lowest  value  of  ^i  ol> 
tained  with  any  mineral  lubricating  oil  was  about  175°  C. 
(347°  F.). 

Both  the  well-refined  oils  procured  before  the  war,  and  the 
"present  deliveries  of  badly  refined  oils,"  showed  the  straight- 
line  relation,  which  was  also  found  to  hold  good  for  rosin 
oil.  On  the  other  hand,  "Oils  such  as  paraffin  oil,  linseed  oil, 
rapesced,  castor,  and  sperm,  of  which  only  the  last  two  come 
under  consideration  a.s  lubricants,  act  similarly  to  mineral 
oila,  but  the  lines  are  not  entirely  straight,  curving  downward 
somewhat  at  the  higher  temperatures.  This  is  especially 
the  case  with  rapesecd  oil,  which  shows  a  strongly  cur\'ed 
line  which  is  considerably  flatter  than  those  for  mineral 
oils  at  low  temi>crnture3." 

Two  tar  oils  and  three  other  substitutes  for  lubricating 
oils  showed  straight  graphs  and  low  values  of  h.  The  lowest 
value,  54°  C.  (129°  F.),  was  obtained  with  a  transformer 
oil,  supposed  to  be  pine  oil,  which  gave  a  slightly  curved 
graph,  and  wa-i  the  loast  vi.scous  oil  which  Oclschlager  in- 
vestigated. 


According  to  Oelschlager,  if  viscosities  are  expressed  in 
poises  and  temperatures  in  °  C,  logarithmic  graphs  drawn 
as  before  will  intersect  on  the  line  parallel  to  the  axis  of 
abscissas,  where  the  viscosity  is  0.0162  poise.  As  seen  from 
Fig.  4,  plotted  from  data  of  Archbutt  and  Deeley"  the  graphs 
are  not  straight,  except  for  a  few  steam  engine  cylinder  oils, 
and  they  do  not  intersect  at  a  point.  It  is  believed  that 
the  approximate  straightness  of  Oelschlager's  graphs  is 
due  to  his  use  of  a  shorter  range  of  temperatures, 
and  to  an  entirely  accidental  balancing  of  the  errors  due 
to  the  use  of  the  Centigrade  scale  and  of  the  inaccurate 
formula  of  Ubbelohde.  As  will  be  shown  later,  the  graphs 
are  approximately  straight  when  the  solidification  point  of 
the  oil  is  near  the  zero  of  the  temperature  scale  which  is  used 
in  plotting.  Thus  the  Fahrenheit  scale  gives  straighter 
graphs  for  the  lighter  oils,  but  as  shown  in  Fig.  4,  the  Centi- 
grade scale  gives  straighter  graphs  for  very  hea\'y  oils. 
Changing  the  temperature  scale  is  equivalent  to  changing 
the  value  of  A  in  Equation  7. 

It  will  be  noted  in  Fig.  4  that  the  curvature  of  the  graphs 
for  rapeseed  and  sperm  oil  is  greater  than  for  the  mineral 
oils,  which  is  in  accordance   with   Oelschlager's   tests. 

THE  LOGARITHMIC  VISCOSITT-TEMPERATURE  DIAGRAM,  US- 
ING FAHRE^fHEIT  DEGREES — Fig.  5  is  similar  to  Fig.  4  but 
temperatures  are  in  °  F.  instead  of  °  C.  It  will  be  noted  that 
a  practically  straight-line  diagram  for  oils  of  medium  vis- 
cosity has  been  obtained  simply  by  changing  tlie  temperature 
scale.  Excluding  spindle  oils,  and  those  of  lower  viscosity, 
and  also  steam  engine  C3iinder,  or  airplane  motor  oils,  the 
graphs  for  the  other  oils  meet  approximately  at  a  point. 

The  accuracy  of  the  assumption  that  the  graphs  of  Fig.  5 
are  straight  was  investigated  as  follows.    If  the  viscosities 


o=  Parish  -I  American, 

x=  Bureau  of  Star^dardtiNaphthme  tax 
^'  Hiqgins,  foreign  oils 
□ !  irchbuH  &  Deelei^,  Oalician 
o-  mqqir\s^  Tenas  oil 


n        IS        19       2.0      2.1        21       2  3       24       2.5        26       7  7      2.8 

Log      Temperafure,  °F. 

Fio.  6 — Logarithmic  Viscosity-Tsmpsraturb  Diagrau  for 
Napbtbsnii  Bass  Oils 


II  "Lubrication  and  Lubricants,"  1912,  100. 
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Ml  A"!  /'i-  -Ml  of  a  given  liquid  are  known  for  tliree  or  more 
temperatures  I,  t,  t,.  .tx  the  value  of  n  in  Equation  7  may 
be  obtained  from  the  equation 


log  Ml  —  log  Ma 


log  th   —   log  Mi 


log(<j  -  A)  -  log(/,-A)        log(Ms-)A-log(M3-A) 


log  M»  —    log  M4 

log(/4-A)-log(/j-A)' 


(11) 


Table  II  shows  the  ratio  between  viscosities  as  found  by 
experiment  and  as  calculated  from  the  constants  of  Table  I, 
and  shows  that  the  percentage  error  in  Equation  7  is  much 
greater  than  would  be  concluded  from  an  inspection  of  Fig. 
5.  The  oils  are  in  the  same  order  as  in  Table  I,  omitting 
castor  oil  and  the  last  two  petroleum  oils. 

Assuming  no  error  in  viscosimetry,  the  tables  show  that 
n  in  Equation  7  is  slightly  greater  at  low  temperatures  than 


o  =  ArchbutH  Deelei^,  Russian  oil 

o  =      "  •       Scotch  sliole 

'  =  Hiqqins,  Russian  oil  _ 

®-     •         Kimmeraqe  shale 

'  =     "        Scotch  shale 

A  =  Dunstan  d  Thole 

a  =  Bureau  of  Standarc/s  American  sha/e 


Logig   Temperature,  °F. 

Fig.  7 — Oils  beporb  and  aptsr  Acid  Trbatment 

which  may  be  abbre\'iated  to  n  =  B  =  C  =  D.  From 
the  data  of  Archbutt  and  Deeley,  for  fatty  and  for  American 
petroleum  oils,  values  of  the  constants  of  Equation  7  were 
obtained,  as  given  in  Table  I.  Temperatures  were  taken 
in  °  C,  and  A  was  chosen  by  trial  so  as  to  give  the  same 
value  for  B  and  C  or  for  C  and  D.  The  temperatures  were 
k  =  15.6°,  k  =  37.8°,  h  =  65.6°,  and  U  =  100°  C.  (60°, 
100°,  150°,  and  212°  F.,  respectively). 

Tablb  I — Constants  in  Equation  it  =       _     .^  for  Fatty  and 

American  PETROLEnM  Ons 

Viscosities  Taken  at  Temperatures  °  C. 

15.6,  37.8,  and  65.6  37.8,  65.6,  and  100 

Kind  op  Oil                    An                 K  A           n  K 

Sperm -52       2.88           78000  -i  1.53  57 

Olive -41       2.97          162000  -25  2.44  9180 

Rapeseed -36       2.72           50000  -36  2.72  50800 

Castor -16  3.62  5020000 

Spindle  885 -31       2.64            11500  -1  1.66  70 

Spindle  860/70 -37       3.19         224000  -3  1.94  314 

Light  machinery  900/7  .  .     -40       3.57       1930000  -3  2.10  824 

Solar  red  engine -34       3.65       2950000  -5  2.39  3930 

Bayonne  engine -37       3.78       6920000  -16  2.87  53000 

Medium  (dark)  machinery  -23       3.22         391000  -14  2.82  48100 

Valvoline  filtered  cyl -17  3.37  1740000 

Dark  cylinder  A 0  2.94  190000 

The  average  of  the  fourteen  values  of  A  for  the  petroleum 
oils  is  found  to  be  -18.6°  C.  (-1.5°  F.).  Using  the  Fahren- 
heit scale  is  therefore  equivalent  to  using  almost  exactly 
the  correct  value  of  A,  since  it  is  the  same  as  using  the  Centi- 
grade scale  ^ith  A  equal  to  —18°. 


.9       20      2.1       22      23      2.4      2S      26       2.7     28 

iog^^  Temperature,  "f. 
Fig.  8 — Russian,  Scotch,  and  Other  Oils 

Table   II — Ratio    between   Experimentally   Determined   and   Cal- 
ctn.ATED  Viscosities,  from  Data  of  Archbutt  and  Deeley 


. Viscosity  at  100° 

c . 

. — Viscosity  at  15.6° 

C. — . 

CalciUated 

Calculated 

from  Vis- 

from Vis- 

cosity at 

cosity  at 

Lower  Tem- 

Higher Tem- 

By Test 

peratures 

Ratio 

By  Test 

peratures 

Ratio 

0.046 

0.041 

1.12 

0.42 

0.59 

0.71 

0.070 

0.067 

1.04 

1.008 

1.10 

0.92 

0.080 

0.080 

1.00 

1.118 

1.12 

0.033 

0.030 

1.10 

0.453 

0.67 

0.68 

0.039 

0.033 

1.18 

0.727 

1.09 

0.67 

0.049 

0.041 

1.20 

1.138 

1.79 

0.64 

0.058 

0.050 

1.16 

1.915 

2.85 

0.67 

0.063 

0.058 

1.09 

2.172 

2.66 

0.82 

0.076 

0.073 

1.04 

3.046 

3.48 

0.88 

at  high,  except  in  the  case  of  rapeseed  oil,  and  that  it  is  better 
to  estimate  viscosities  at  high  temperature  from  known 
viscosities  at  low  temperatures  than  vice  versa. 

It  is  not  certain  whether  there  is  a  definite  temperature  at 
which  there  is  a  change  in  the  viscosity-temperature  relation, 
or  whether  the  apparent  change  is  due  to  error  in  the  form 
of  equation.  Hursf  expresses  the  opinion  that  "there 
is  what  may  be  called  a  'critical  point'  at  which  temperature 
the  on  begins  to  lose  its  -vascosity  more  rapidly,  and  below 
which  point  the  loss  of  viscosity  on  heating  is  very  slow; 
this  critical  point  varies  with  different  oils,  but  the  author 
has  not  been  able  to  do  more  than  make  a  few  tentative 
experiments  on  the  subject."    As  Hurst  does  not  give  even 

"  "Lubricating  Oils,  Fats,  and  Greases,"  1911,  243. 
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the  approximate  temperature  at  the  critical  point,  it  is  not 
clear  whether  it  occurs  at  verj'  high  temperatures  and  is  due 
to  disintegration,  or  at  a  moderate  temperature  and  is  due 
to  some  error  in  \Tscosimetry  or  to  the  presence  of  paraffin 
crj-stala  at  temperatures  below  the  melting  point  of  paraffin 
wax. 


Vol.  14,  No.  8 


n      l.a       IS      20       21      ?i      23      2.4      2S      26      2.1      23 
Fio.  B — FsAcnoNS  or  Siholb  Sahpls  of  Nafbtbsnb  Basb  On. 

There  is  some  evidence  that  Equation  7,  with  A  equal  to 
the  solidification  temperature,  is  more  accurate  and  covers 
a  wider  range  of  oils  than  Equation  8.  Ellis  found  that  some 
of  the  more  viscous  oils  did  not  give  a  straight  logarithmic 
graph,  but  if  the  temperature  above  the  point  of  complete 
solidification  was  use<l  instead  of  temperature  in  °  F.,  sub- 
stantially straight  lines  were  obtained  even  with  these  oils. 
Fig.  4  also  shows  fairly  straight  graphs  for  the  most  viscous 
oils.  There  is,  however,  some  objection  to  the  introduction 
of  the  solidification  temperature  into  an  equation,  as  the 
laboratory  method  for  exactly  determining  this  temperature 
is  doubtful,  and  Equation  8,  with  temperatures  in  °F.,  has 
therefore  been  adopted,  as  sufficiently  accurate  for  practical 
purposes  for  the  majority  of  oils  most  frequently  used,  and 
u  most  convenient  for  grapliical  methods. 

Applications  op  the  I^oarithmic  Viscositt-Temperature 
Diagram 

PARAFFi  -.  BASE  oiijs— All  the  ;^^nerican  mineral  oils  tested 
by  Arclibutt  and  Deelcy  appear  to  have  been  of  paraffin 
bane,  with  the  exception  of  the  two  oils  of  lowest  viscosity, 
so  that  Fig.  5  may  he  taken  ns  the  diagram  for  paraffin  base 
oils,  wliich  indicates  the  approximate  intersection  of  the 


graphs  for  oils  of  this  base.  As  will  be  seen  later,  there  is 
a  different  point  of  intersection  for  each  other  class  of  oils, 
as  observed  by  Dean  and  Lane  but  disregarded  by  Oel- 
schlager. 

NAPHTHENE  BASE  OILS — Fig.  6  shows  tests''  upon  American 
oils  of  naphthene  base,  together  with  some  foreign  oils. 
Most  of  the  graphs  are  fairly  straight,  the  most  marked 
exceptions  being  the  fuel  oils  from  Mexico  and  Persia. 

The  Mexican  fuel  oil  showed  marked  viscosity  hysteresis, 
and  according  to  Dunstan  and  Thole"  this  phenomenon 
"is  one  eminently  characteristic  of  colloids."  Thus  it  would 
appear  that  the  curvature  of  the  graphs  for  fuel  oils  is  prob- 
ably due  to  the  presence  of  colloids,  a  conclusion  which  has 
some  support  from  the  work  of  Seaton,  Probeck  and  Sawyer,'' 
who  found,  with  varnishes,  that  the  shape  of  the  viscosity- 
temperature  graph  is  determined  by  the  amount  of  colloids. 

Fig.  7,  from  data  of  Dunstan  and  Thole,  does  not  show 
any  marked  relation  between  the  amount  of  acid  treatment 
and  the  form  of  graph,  although  colloids  are  removed  by 
acid  treatment.  This  may,  however,  merely  prove  that  col- 
loids were  not  present  in  large  quantities  in  the  oils  as  re- 
ceived by  Dunstan  and  Thole,  which  is  quite  possible,  since 
the  phenomenon  of  viscosity  hysteresis  is  comparatively 
rare. 

The  data  concerning  Russian  and  Scotch  oils,  Fig.  8,  are 
not  sufficient  to  locate  points  of  intersection,  for  oils  of 
moderate  viscosity,  as  in  Figs.  5  and  9.  The  only  curved 
graph  is  for  one  of  the  Scotch  oils;  it  has  been  found  that 
oils  of  such  low  viscosity  always  show  curved  graphs. 

Thus  it  may  be  concluded  that  the  great  majority  of  mineral 
oils  of  moderate  \dscosity  will  show  approximately  straight 
graphs,  but  there  is  more  uncertainty  in  assuming  a  straight 
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••  W.  F.  Parish,  /.  Am.  Soc.  Natal  Ent..  M  (1920).  45:  W.  F.  Higgint, 
Nat.  Phys.  Lab.  Collected  Researches,  11  (1914),  10;  IS  (1916),  281. 
"J.  Insl.  Petroleum  Tech.,  4  (1917-18),  201. 
«'  This  Journal,  »  (1917),  35. 


Aug.,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


721 


I- 


o  -  Para  ffin  base 
x=  Naphihene  t?ase 
^  ^  Faffi^  oil 
^  =  Scotch  shale 
\-  Himmeridqe  shale 
—  =  Trinidad 
i  =   Borneo 
■°-  =   Russia 
^  -    Persia 
^  =   Burma 
<>■=  Golicia 


\^. 


^    p     a^<^  ^ — ^Compounded 


falloyv 


'   ^  ,^^\    ^  rapeseed 


_  sperm 


olive 


2.0     2.2      2.4      2.G      2.8 


1.0       1.2       1.4      I.Q>       1.8       0.0      0.2      0.4 

Loq,o  yiscositij  in  poises,  at  lOO'F. 


0.6       0.8       1.0 


Fig.  11 — -Diagrams  to  Find  Sloops  of  Logarithmic  Curves 


graph  for  an  unrefined  than  for  a  refined  lubricating  oU  of 
the  same  viscosity.  MacCouU^"  has  devised  a  special  cross- 
section  paper  which  gives  straight  lines  when  Saybolt  \'is- 
cosity,  in  seconds,  is  plotted  against  temperature  in  °  F., 
but  tliis  diagram  gives  curved  lines  for  the  same  oils  which 
appear  curved  on  the  ordinary  logaritlimic  diagram. 

THE  EFFECT  OF  NARROW  CUTS — In  Order  to  determine 
whether  the  range  of  boiling  point  influences  the  shape  or 
slope  of  the  graph,  a  sample  of  naphthene  base  lubricating 
oil  was  subjected  to  a  fractional  distillation,  without  steam, 
at  1.5  mm.  absolute  pressure,  so  as  to  avoid  cracking.^' 
Of  the  resulting  ten  fractions,  Fraction  8  was  selected  for 
a  second  distillation,  after  having  been  discolored  with  part 
of  the  residue  from  the  first  distUlation.  It  was  due  to  this 
contamination  that  the  original  oil  of  the  second  distillation 
had,  as  shown  by  Fig.  9,  a  slightly  higher  viscosity  than 
Fraction  8  of  the  first  distillation. 

Fraction  5  of  the  first  distillation  has  practically  the  same 
viscosities  at  all  temperatures  as  the  original  oil.  In  the 
second  distillation  the  same  is  true  of  Fraction  6,  so  that  the 
evidence  appears  to  be  that  narrowness  of  cut  does  not  in- 
fluence the  slope  of  the  logaritlimic  graphs;  in  other  words, 
the  value  of  n  in  Equation  8  depends  upon  the  viscosity  of 
the  oU  at  a  given  temperature,  but  not  upon  the  boiling  point 
range. 

It  will  be  noted  that  all  the  oils  on  Fig.  9  are  strictly  from 
one  crude,  being  in  fact  all  fractions  of  the  same  sample, 

»  Lubricalion.  June  1921,  5. 

"  It  was  found  by  J.  E.  Schulze,  formerly  of  the  Bureau  of  Standards, 
who  developed  this  method,  that  it  suitable  precautions  were  taken  to  prevent 
leakage,  the  distillation  could  be  carried  to  300°  C.  (572°  F.)  without  crack- 
ing. 


and  it  would  therefore  be  expected  that  the  point  of  inter- 
section would  be  more  clearly  defined  than  in  Fig.  5  where 
the  oils  were  probably  from  different  localities. 

FATTY  OILS — As  already  indicated  by  Fig.  4,  the  graphs  of 
fatty  oils  are  more  curved,  but  not  so  steep  on  the  average, 
as  those  for  mineral  oils.  Fig.  10  also  shows  that  with  fatty 
oils,  as  with  mineral  oils,  the  curvature  is  most  for  the  hghter 
oils  at  the  lower  temperatures.  The  graph  for  castor  oil, 
from  data  of  Kahlbaum  and  Raber^''  and  others,  and  the 
two  graphs  for  rapeseed  oil,  show  that  there  is  considerable 
error  in  the  assumption  that  two  samples  of  a  given  kind 
of  fatty  oil  will  have  the  same  \'iscosity.  Such  oils  cannot 
therefore  be  regarded  as  Liquids  of  "known  \iscosity"  for 
use  in  calibrating  viscosimeters,  unless  the  viscosity  of  the 
particular  sample  in  question  has  been  determined." 

Method  or  Calculating  Point  of  Intersection  of 
LoGARiTHxnc  Graphs 

DL-iGRAM  FOR  DETERMINING  THE  V.^^LUE  OF  n  IN  EQU.\TION 

K 

^=  r 

of  the  slopes  of  the  graphs  increases  with  the  viscosity  of 
an  oil  at  a  given  temperature.  If  as  in  Fig.  11,  n,  which 
is  a  measure  of  the  slope,  is  plotted  against  the  logarithm 
of  the  \'iscosity  at  a  standard  temperature,  the  data  can  be 

"  Quoted  in  Bur.  Sids.,  Technologic  Paper  lit  (1919),  24. 

"  The  Bingham  viscometer  (.Bur.  Slds.,  Set.  Paper  298)  was  used  for 
determining  the  \-iscosity  of  the  fractions  shown  in  Fig,  9.  It  is  used  to 
determine  the  viscosity  of  calibrating  liquids,  having  a  kinematic  viscosity 
not  over  0.5,  but  is  not  considered  accurate  for  more  viscous  liquids  on 
account  of  drainage  error. 


-It  may  be  seen  in  Figs.  5  to  9  that  the  steepness 
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fairly  well  represented  by  three  .straight  lines,  for  naphthene 
base,  paraffin  ba.«e,  and  fatty  oils,  respectively. 

The  greater  scattering  of  the  points  for  naphthene  base 
oils  is  probably  due  to  a  large  extent  to  the  natural  tendency 


Lo<f,g  Terr;perafure,  °F. 


50      60      70      BO      90 

Temperature,  °C 

FlO  .12 — ViSCOSITY-TSUPKRATURI!  GRAPHS  FOR  TwO  MEXICAN  CrUDB  On.3 

to  regard  any  oil,  not  of  paraffin  base,  as  a  naphthene  base 
oil.  Thus  oils  from  mid-continent  crudes,  or  blends  of  paraffin 
with  naphthene  base  oils,  may  have  been  classed  and  plotted 
with  the  naphthene  base  oils.  However,  the  upper  limit 
of  points  in  l'"ig.  11,  as  determined  by  oils  of  Fig.  9,  is  clearly 
defined. 

It  will  t)c  noted  that  castor  oil  is  an  exception  to  other 
fatty  oils,  anti  that  the  commonly  accepted  belief  that  it 
"thins  out  less  with  the  heat"  than  do  paraffin  base  oils, 
is  a  delusion. 

In  order  to  get  a  definite  value  of  n  from  the  curved  graphs 
of  Fig.  10,  it  was  necessary  to  assume  straight  lines  between 
certain  temperatures.  These  temperatures  were  taken,  as 
for  the  mineral  oils  also,  as  1(X)°  and  212°  ¥.  (37.8°  and  100° 
C).  Since  tallow  and  wool  fat  are  .solid  at  the  lower  tempera- 
ture, it  was  neces.sary  to  find  the  slope  from  a  shorter  range 
of  temperatures. 

The  oils  marked  "compounded"  were  mineral  oils  con- 
taining a  blown  fatty  oil.  which  indicates  a  convenient  way 
to  decrea.se  the  temiM-ratHre  coefficient  of  viscosity.  Blown 
oil.s.  however,  incrna-ie  in  viscosity-  with  time. 

Fig.  1 1  gives  all  the  data  nece.s.xarj-  for  finding  the  con- 
sfant.s  in  K(|uation  S  if  the  viscosity  has  been  determined 
at  the  standard  temperature  of  100°  F.  (37.8°  C).    Then 

loK  K  =  2«  4-  log  nx  (12) 

where  /i,  is  the  viscosity  at  100°  F.,  in  poises.  Entering 
Fig.  1 1  with  log  Ml  tbe  ordinate  n  may  be  read,  and  K  cal- 
culated from  Lfiuation  12.    Then  for  any  other  temperature 

log  ^  =-  log  K -  H  log  I  =  n  (2-log  0  +  log  P,       (13) 
which  is  alxiut  equal  in  simplicity  to  Equation  10. 


EQUATIONS  CONXECTING  THE  n  DIAGRAM  TVITH  THE  LOG- 
ARITHMIC ■vascosiTY-TEMPER.ATURE  DIAGRAM — A  straight 
line  on  Fig.  1 1  may  be  represented  by  an  equation  of  the  form 

n  =  H  (log  Ml  +  E)  (14) 

where  H  is  the  tangent  of  slope  and  E  is  the  value  of  —  log  /Xi 
where  the  line  intersects  the  axis  of  abscissas.  By  a  modi- 
fication of  Oelschlager's  method,  using  absolute  viscosity 
at  100°  F.  (37.8°  C.)  instead  of  the  \-iscosity  factor  at  20° 
C.  (68°  F.),  and  assuming  that  logarithmic  graphs  meet  at 
a  point, 

log  M  -  log  /'o    ^      log  u  —  log  t  ,jg, 

log  Ml   —  log  Mo  log  (o  —   log  100 

where  ?„  and  ^o  are  the  coordinates  of  the  point  of  inter- 
section of  the  logarithmic  graphs  for  oils  of  the  crude  under 
consideration,  and  /u  is  the  \nscosity  at  any  temperature,  t. 
It  should  of  course  be  kept  in  mind  that  there  is  no  cer- 
tainty that  logarithmic  graphs  should  be  straight  above 
100°  C.  (212°  F.),  so  that  U  should  be  regarded  as  a  means 
of  calculation  rather  than  as  the  temperature  at  which  all 
oils  of  a  certain  class  would  actually  have  the  same  viscosity. 
There  is  some  e\idence,  however,  that  the  viscosity-tem- 
perature relation  follows  the  same  law  for  a  considerable 
range  above  the  boiling  point  of  water,  as  below  it,  for  Dean 
and  Lane  made  two  tests  at  180°  C.  (3.56°  F.)  and  found 
close  agreement  between  the  observed  and  extrapolated 
viscosities. 

By  combining  Equations  14  and  15, 

H  =    1 (16) 

(log  hi  -2 

and 

E  =  -log  Mo  (17) 

by  means  of  which  a  point  of  intersection  may  be  calculated 
on  Figs.  5,  9,  and  10,  corresponding  to  the  full  lines  on  Fig. 
11.  The  calculated  as  well  as  the  graphically  determined 
points  are  given  in  Table  III,  the  calculated  points  being 
shown  on  Figs.  5  and  9  by  double  circles. 

Table  III — Coordinates  op  Points  of  Intersection  ok  Logarithmic 
Graphs 

Class  op  Oils  log  ;io  m  los  /o  /» 

Paraffin  base.  Fig.  5 2.00  0  010  2.60  398 

Naphthene  base.  Fig.  9 3.78  0.006  2.59  389 

Fatty  oils.  Fig.  10 2.35  0.022  2..')6  363 

Paraffin  base,  calculated 5.58  0.0038  2.77  589 

Naphthene  base,  calculated..  .  3.88  0.0076  2.57  371 

Fatty  oils,  calculated 3 .  75  0 .  0058  2 .  82  661 

Conversely,  a  line  on  Fig.  1 1  may  be  found  corresponding 
to  a  certain  point  of  intersection  obtained  graphically.  The 
values  of  H  and  E  arc  gi\Tn  in  Table  IV,  both  as  obtained 
graphically  and  by  calculation. 

Table  IV — Data  for  Locating  Graphs  on  the  n  Diagram 

*— Obtained  Graphically — . Calculated . 

Intersection  Intersection 

Class  of       with  Axis  of  Tangent  with  Axis  of  Tangent 

Oils  Abscissas       E         of  Slope       Abscissas       E  of  Slope 

Paraffin  base  3.58         2.42  1.30  2.00  2.00  1.67 

Naphthene  base      3.88         2.12  1.75  S.78  2.22  1.70 

Fatty  oils  g.75         2.25         1.22  2.35  1.65  1.79 

The  dotted  lines  on  Fig.  1 1  were  located  by  the  calculated 
values  in  Table  IV.  It  will  be  seen  that  these  lines  do  not 
agree  at  all  well  with  the  experimentally  determined  graphs, 
sJiowTi  in  full  lines.  On  the  otlierhand,  the  cilculated  points 
of  intersection,  on  Figs.  5  and  0,  agree  with  tJic  graphs  as 
well  or  better  than  the  points  obtained  graphically,  so  that 
it  is  preferable  to  calculate  the  point  of  intersection. 

Before  considering  the  temperature  of  average  viscosity 
(which  is  a  relatcfl  liut  distinct  subject)  it  may  be  well  to 
summarize  the  practical  applications  of  the  method  developed 
for  estimating  viscosities.    It  should  be  remembered  that 
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the  change  of  viscosity  with  the  temperature  does  not  follow 
any  known  theoretical  laws  (except  in  the  case  of  certain 
liquids  of  definite  chemical  composition)  and  that  mathe- 
matically exact  calculations  cannot  be  made.  Thus  a 
simple  method  of  estimation  or  interpolation  is  of  value,  even 
though  the  results  may  not  be  \ery  accurate.  An  examina- 
tion of  empirical  formulas  leads  to  the  adoption  of  the  follow- 
ing method. 

1 — Using  oils  all  from  the  class  or  crude  under  consideration, 
make  a  logarithmic  diagram,  A  (similar  to  Tig.  9),  where  absolute 
viscosity  is  plotted  against  the  temperature  in  °  F. 

2 — With  data  from  Diagram  A,  discarding  curved  graphs, 
and  using  only  those  which,  when  prolonged,  would  approxi- 
mately meet  at  a  point,  construct  a  second  diagram,  B  (similar 
to  Fig.  ll),\vhere,  for  each  oil.  the  slope  of  the  logarithmic  graph 
is  plotted  against  the  logarithm  of  the  absolute  viscosity  at 
100°  F.  Average  the  points  on  Diagram  B  by  a  straight  line, 
and  find  the  slope  and  the  point  of  intersection  of  this  line  with 
the  axis  of  abscissas. 

3 — Calculate,  by  Equations  16  and  17,  the  point  of  intersection 
of  the  logarithmic  graphs  on  Diagram  A.  This  diagram  can 
then  be  used  to  estimate  change  of  viscosity  with  the  tempera- 
ture, for  oils  of  medium  viscosity,  of  the  crude  in  question.  A 
new  diagram  would  have  to  be  made  only  when  a  new  crude 
wat  considered. 

4 — To  estimate  the  viscosity  of  an  oil  at,  say,  122° F.  (50° C), 
locate  the  point  on  Diagram  A  (for  the  crude  in  question)  with 
abscissa  equal  to  2.000,  the  logarithm  of  the  standard  tempera- 
ture of  100°  F.,  and  with  ordinate  equal  to  the  logarithm  of  the 
absolute  viscosity  at  that  temperature.  This  point,  together 
with  the  point  of  intersection  of  the  logarithmic  graphs,  pre- 
viously located,  determines  the  graph  of  the  particular  oil  in 
question. 

5 — As  the  logarithm  of  122  is  2.086,  the  logarithm  of  the  de- 
sired absolute  viscosity  at  122°  P.  may  be  read  from  the  graph 
just  determined,  at  the  point  where  the  abscissa  has  that  value. 

The  Temperature  of  Aver.\ge  Viscosity 

In  pumping  through  pipes,  the  oil  is  given  an  initial  tem- 
perature, ti,  in  order  that  it  may  not  be  too  viscous  when  the 
final  temperature,  /;,  is  reached.  In  order  to  estimate  the 
loss  of  pressure,  the  temperature  of  average  viscosity,  ta,  must 
be  calculated,  for  which  Mancero-"  gives  the  equation,  due 
to  the  Standard  Oil  Company  of  California: 

ta   =   V3  h  +  ','3   '■-■  (18) 

which  is  equivalent  to 


ta  = 


(19) 


and  may  be  used  with  either  the  Fahrenheit  or  Centigrade 
scale. 

If  it  is  assumed  that  Equation  8  is  correct,  it  may  be  sho\^^l 
that  " 


»/(!  -n)  «,  -  fe) 

»  8  2 


(20) 


Mancero  gives  two  curves,  for  Panuco  and  TopOa  oUs, 
"prepared  by  La  Carona  Oil  Co.,"  with  absolute  viscosity 
plotted  against  temperature  in  °C.,  from  30°  to  90°  C. 
(86°  to  194°  F.).  Both  curves  show  a  point  of  reverse  curve 
at  about  75°  C.  (167°  F.),  which  is  not  so  plainly  \-isible  in 
the  lower  part  of  Fig.  12,  reproduced  from  Mancero's  data. 
The  upper  part  of  Fig.  12  shows  logarithmic  graphs  of  these 
same  oils,  which  are  straight  except  at  the  liighest  tempera- 
tures. The  irregularity  at  high  temperatures  is  probably 
due  to  some  inaccuracy  in  viscosimetry. 

»  Juan  Mancero,  Oil  Wefkly,  17  (1920),  S4;  translated  from  the  Spanish 
by  John  F.  Dodge. 

"  The  writer  is  indebted  to  Dr.  H.  L.  Dryden  o(  the  Bureau  of  Stand- 
ards for  Equation  20. 


The  temperature  of  average  viscosity  was  obtained  from 
Fig.  12  by  planimeter  and  by  Equation  20  in  °  F.,  with  n  = 
4.26  for  the  Topila  oil  having  an  absolute  viscosity  of  0.96 
at  100°  F.  (37.8°  C.)  and  with  n  =  4.88  for  the  Panuco  oil, 
with  viscosity  of  1.30  at  the  same  temperature.  The  results 
are  given  in  Table  V. 

TadLK    V — TBMPnRATURB  OP   AVURAGB    VISCOSITY   OP  TwO     MEXICAN    OiLS 


Oil, 

Topila. 


By  Pi,animi2TUR s 

Average       Temperature  of 
Viscosity  Average  Viscosity 

Poises         °  F.  » C. 

. .      3.8  122.9         no. 5 

..     8.5  118.4         48.0 


-By  Equation- 


Temperature  of      Temperature  of 
Average  Viscosity  Average  Viscosity 


Thus  for  the  particular  oils  and  range  of  temperature  in 
question,  there  is  little  choice  in  regard  to  accuracy  between 
Equations  19  and  20,  either  of  which  is  accurate  enough 
for  practical  purposes,  and  far  more  accurate  than  any  method 
of  estimating  the  temperature  of  the  ground,  and  the  conse- 
quent value  of  h.  While  Equation  20  might  prove  to  be  of 
more  general  application.  Equation  19  is  far  simpler  to  use  in 
calculations. 


Notes  on  Determination  of  Absolute 
Viscosity  of  Petroleum  Oils' 

By  W.  H.  Fulweiler  and  C.  W.  Jordan 

United  Gas  Improvement  Co..  319  Arch  St.,  Phluadelpiha,  Pa. 

The  absolute  viscosity  of  a  number  of  samples  of  petroleum, 
animal,  and  vegetable  oils  has  been  examined.  All  of  these  samples 
showed  changes  in  viscosity  when  the  material  was  allowed  to  stand 
in  glass  viscosimeters  for  24  hrs.  With  two  samples  that  were 
retesled  after  standing  for  a  number  of  weeks,  the  sign  and  magnitude 
of  the  change  was  practically  the  same  as  that  observed  after  24  hrs.' 
standing  in  the  viscosimeter.  Apparently,  samples  of  oil  intended 
as  viscosity  standards  should  be  checked  from  time  to  time  until  more 
is  known  regarding  the  nature  and  extent  of  the  change  on  standing. 

THE  authors  have  recently  had  occasion  to  make  a  care- 
ful determination  of  the  absolute  viscosity  of  several 
samples  of  petroleum  oil  and  have  found  that  in  some 
cases  there  is  considerable  change  in  viscosity  on  standing. 
It  was  further  noticed  that  the  viscosities  showed  marked 
changes  when  the  oil  was  allowed  to  remain  in  the  glass  vis- 
cosimeter for  periods  of  from  24  to  72  hrs.,  these  changes 
being  of  the  order  of  0.5  per  cent  when  the  precision  of  the 
observations  was  of  the  order  of  0.1  per  cent.  These  results 
may  be  of  interest,  especially  in  connection  with  the  use  of 
samples  of  oil  as  viscosity  standards  over  long  periods. 

Apparatus 

The  apparatus  was  of  the  Bingham  and  Green  type.  Two 
viscosimeters  were  used  on  each  sample.  In  the  No.  1 
instrument  the  capillary  was  24  cm.  in  length  and  approxi- 
mately 0.416  mm.  in  diameter,-  in  the  No.  2  instrument  the 
capillary  was  10  cm.  in  length  and  approximately  0.918  mm. 
in  diameter. - 

The  thermostat  had  a  capacity  of  60  gal.  The  circulation 
was  obtained  by  means  of  an  external  pump,  and  the  temper- 
ature control  was  such  that  temperatures  constant  to  within 
±0.005°  were  readily  maintained.    The  thermometer  had 

I  Presented  before  the  Section  of  Petroleum  Chemistry  at  the  63rd 
Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7, 
1922. 

^  Calculated  from  the  "C"  constant  of  the  instruments. 
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recently  been  standardized  by  the  Bureau  of  Standards  and 
was  read  with  a  microscope. 

Considerable  attention  was  given  to  the  method  of  reading 
the  pressure.  Owing  to  the  fact  that  the  capillarj-  of  the  No. 
1  viscosimeter  was  quite  small,  it  was  necessarj'  to  use  pres- 
sures as  high  as  85  cm.  of  mercur>'  in  order  to  obtain  a  reason- 
able time  of  flow.  It  was,  therefore,  decided  to  use  a  mercury 
manometer  and  to  read  this  with  a  cathetometer.  It  was 
believed  possible  to  secure  in  this  manner  quite  as  high  a 
degree  of  accuracy  as  would  have  been  secured  had  the  ordi- 
nao'  water  manometer  with  the  steel  tape  been  used. 

When  the  time  of  flow  exceeded  an  hour,  the  writers  found 
considerable  difficulty  in  securing  an  accurate  record  of  the 
time.  Although  the  ordinarj-  stop  watch  may  be  of  sufficient 
accuracy  where  the  time  does  not  exceed  5  rain.,  it  appears  to 
show  large  errors  when  times  of  an  hour  or  more  have  to  be 
mea.«ured.  The  ordinarj'  stop  watch  is  quite  difficult  to 
regulate  and  even  more  difficult  to  keep  in  adjustment,  but 
the  WTitcrs  finally  found  a  watch  that  could  be  checked  within 
one  second  in  an  hour  against  an  astronomical  clock.  It 
would  appear  that  there  is  quite  a  field  of  usefulness  for  a  piece 
of  apparatus,  not  too  exi)ensive,  wiiich  would  give  accurate 
time  intervals  up  to  an  hour. 

In  connection  with  the  standardization  of  the  apparatus, 
the  writers  found  the  great  need,  which  has  been  spoken  of 
by  other  obscr%'ers,  for  a  pure  and  reproducible  material  that 
would  have  a  viscosity  at  ordinary  temperatures  of  40  to  50 
centiiKiises. 

The  No.  1  viscosimeter  was  standardized  with  water  and 
50  per  cent  ethyl  alcohol.  The  No.  2  viscosimeter  was 
standardized  with  50  per  cent  ethyl  alcohol,  40  per  cent 
sucrose,  and  60  per  cent  sucrose.  Bureau  of  Standards 
sucrose  was  u.sed  in  making  up  the  sucrose  solutions. 

Results 

A  very  highly  refined  white  medicinal  oil  gave  an  absolute 
viscosity  at  37.78°  C.  of  40.36  centipoises.  When  this 
material  was  allowed  to  stand  in  the  viscosimeter  for  24  hrs., 
the  \iscasity  decreased  by  0..51  per  cent.  On  retesting  this 
sample  2  mo.  later,  the  viscosity  had  decreased  by  0.43  per 
cent. 

A  i)etroleuin  oil  of  reddish  color  which  had  been  refined  by 
filtration  gave  a  viscosity  of  38.35  centipoises.  On  standing 
24  hrs.  in  the  viscosimeter  the  vi.scosity  increased  by  0.42 
per  cent.  This  sample  after  standing  5  wks.  in  a  tin  can  had 
increased  by  0. 12  per  cent. 

The  greatest  number  of  observations  were  made  on  this 
sample.  They  showed  a  gradual  increase  in  viscosity  with 
time,  the  observed  figures  being  for  the  fresh  sample  as  given 
above,  38.35,  then  38.36,  38.41,  and  the  last  observation  5 
wk-s.  later,  38.46. 

In  order  to  get  some  further  information  regarding  the 
po.ssible  .'*ign  and  extent  of  this  change  on  standing,  two 
."amples  of  petrolciun  oil  furnishc<l  by  Dr.  Delbridge  of  the 
Atlantic  Refining  Company  were  examined.  It  is  under- 
sto(Ki  that  one  of  these  oils  was  refined  by  filtration,  while  the 
other  was  not.  Samples  of  both  were  exposed  on  the  roof 
in  white  gliuss  bottles  for  a  week.  The  filtered  oil  showed  no 
rhaiige  in  the  vi.-ico.sity  between  the  sample  exposed  to  the 
light  and  the  sami)le  kept  in  the  dark,  while  the  unfiltered  oil 
showed  an  increa.sc  of  1  per  cent  in  the  sample  that  had  been 
exposed  to  the  light. 

A  sample  of  ca-ttor  oil  showed  an  increase  of  0.33  per  cent 
on  standing  in  the  vi.scosimeter  for  24  hrs.,  while  a  sample 
of  lard  oil  showed  a  decrea.sc  of  0.3  per  cent  on  standing  in 
the  viscoeimetcr  for  24  hrs. 

The  writers  have  not  as  yet  formulated  any  theory  of  the 
cause  of  these  changes;  it  may  be  pointed  out,  however,  that 
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the  fact  that  the  results  were  checked  with  viscosimeters  of 
both  wide  and  narrow  bore  apparently  excludes  the  formation 
of  films  of  material  dimensions  on  the  inside  surface  of  the 
capillarj%  thus  changing  the  bore.  It  may  be,  however,  that 
an  adsorbed  fUm  of  molecular  dimensions  is  formed  in  the 
capillary  and  that  this  adsorbed  film  has  a  different  \iscosity 
from  that  of  the  oil. 

It  is  the  intention  of  the  WTiters  to  retest  some  of  these 
samples  for  a  number  of  months  in  order  to  determine,  if 
possible,  whether  they  will  come  into  equilibrium  or  whether 
the  change  will  be  continuous.  Tliis  study  should  be  of  some 
importance  as  affecting  the  usefulness  of  samples  that  are  to 
be  retained  for  long  periods  as  standards  of  viscosity. 


The  Drainage  Error  in  the  Bingham 
Viscosimeter 

By  Winslow  H.  Herschel 

Bureau  of  Standards,  Washington,  D.  C. 

[Discussion  of  preceding  paper) 

It  is  well  known  that  the  volume  discharged  from  a  flask  is  less 
than  the  volume  it  will  receive,  even  when  the  calibration  is  made 
with  water,  and  this  is  even  more  the  case  when  a  more  viscous 
liquid  is  used.  It  follows  that  the  discharge  with  oil  is  less  than 
the  discharge  with  water. 
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The  Bingham  viscosimeter  is  so  arranged  that  the  bulb  becomes 
wet  in  fixing  the  working  volume,  so  that  it  is  difficult  to  observe 
or  measure  the  drainage  error.  Comparisons  of  various  vis- 
cometers led  to  the  conclusion  that  the  error  was  serious  enough 
to  require  investigation,  and  a  special  instrument  was  made  up 
with  a  bulb  similar  in  shape  and  size  to  that  of  the  Bingham 
instrument,  and  so  arranged  that  the  drainage  error  could  be 
measured  by  calibration  with  liquids  of  various  viscosities. 
On  the  diagram,  which  shows  the  results  to  date,  the  numbers  on 
points  give  correction  factors  by  which  the  constant  C  of  the 
Bingham  viscosimeter,  obtained  by  calibration  with  water,  must 
be  divided  to  obtain  the  value  to  be  used  in  obtaining  the  vis- 
cosity of  liquids  having  a  higher  viscosity  than  that  of  the  cali- 
brating liquid.  The  diagram  may  also  be  used  to  determine  the 
time  of  flow  necessary  to  render  the  drainage  error  negligible. 


In  the  Annual  Report  of  the  American  Metric  Associat'on 
recently  issued,  engineers,  business  men,  and  manufacturers  who 
favor  the  adoption  of  the  metric  system  in  the  United  States  are 
quoted  at  length,  and  the  story  of  the  extension  of  its  use  dur- 
ing 1921  is  told.  The  use  of  the  metric  system  is  now  obliga- 
tory in  46  countries. 
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Sulfur  Compounds  and  Oxidation  of  Petroleum  Oils'' 

By  C.  E.  Waters' 
Department  of  Cohuskce,  Bureau  oi"  Standards,  Wa3iiinctom.  D.  C. 


In  general,  mineral  lubricating  oils  which  contain  large  per- 
centages of  sulfur  compounds  are  more  easily  oxidized  than  those  in 
which  there  is  less  sulfur.  This  is  true  whether  the  oils  are  heated 
to  250°  C.  or  exposed  to  sunlight. 

The  residues  left  behind  on  cradling  and  partly  distilling  off 
oils,  as  in  the  Conradson  carbon  residue  test,  tend  to  retain  the  sulfur 
in  the  oil. 

The  bearing  of  these  fads  upon  the  formation  of  sludge  in  trans- 
former and  turbine  oils,  and  of  carbon  in  internal  combustion  en- 
gines is  pointed  out  in  the  following  paper. 

IN  earlier  work  on  the  oxidation  of  mineral  lubricating 
oils/  it  was  found  that,  contrary  to  expectation,  the 
addition  of  free  sulfur  to  an  oil  caused  no  great  difference 
in  the  amount  of  asphaltic  matter  formed  by  heating  it  in 
the  air.  In  other  words,  the  presence  of  sulfur  did  not  ap- 
preciably affect  the  rate  of  oxidation  of  the  oil. 

This  result  was  not  only  unexpected,  but  it  was  contrary  to 
what  others  have  found  when  oil  is  heated  in  contact  with 
sulfur  and  sulfur  dioxide.'  If  there  is  any  explanation  other 
than  experimental  errors,  it  is  that  the  amount  of  sulfur  added, 
0.10  per  cent,  was  too  small  to  affect  appreciably  the  rate  of 
oxidation  of  the  oil.  Data  accumulated  during  the  past  two 
years  seem  to  uphold  this  explanation  in  general. 

C.iKBONizATiON  Value  of  Oils 

In  a  "carbonization"  test  for  motor  oils  developed  by  the 
author,  the  oil  is  heated  to  250°  C.  in  contact  with  air,  for 
2.5  hrs.,  diluted  with  petroleum  ether,  and  the  precipitate  is 
filtered  off  and  weighed.  The  result,  calculated  as  percentage 
of  the  weight  of  original  oil,  is  called  the  "carbonization  value.' ' 
From  time  to  time  the  carbonization  values  and  sulfur  con- 
tent of  motor  oils  are  determined,  simply  to  accumulate 
data  on  the  possible  relation  between  the  two.  In  nearly 
every  case  it  has  been  found  that  oils  which  contain  much 
sulfur  in  combination  almost  always  have  comparatively 
high  carbonization  values.  In  general,  low  sulfur  and  low 
carbonization  go  together,  but  not  always,  because  other 
things  than  sulfur  compounds  can  increase  the  rate  of  oxida- 
tion of  the  oil.'' 

The  data  on  thirty-seven  oils,  all  that  have  been  examined, 
can  be  summarized  in  Table  I. 

Table    I — Relation    op    Sulfur    Content    to    Carbonization    Value 
Carbonization 
Number  of  Value  Sulfur 

Oils  Per  cent  Per  cent 

8  Trace-0.10  0.04-0.08 

(One  with  0.21) 
6  0.11-0.30  O.lS-0.29 

(One  each  with  0.05  and  0.90) 
14  0.31-0,75  0.17-0.63 

(Two  with  0.82) 

4  0.76-1.25  0.17-0.61 

5  1.26-4.55  0.37-0.46 

There  are  irregularities  in  the  table,  and  the  data  are  too 
few  to  be  the  basis  of  any  well-founded  generalization,  but 

1  Received  March  27,  1922. 

»  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 

'  Chemist,  Bureau  of  Standards. 

*  Bur.  Sids.,  Technologic  Paper  4  (1911),  9  and  11;  Tms  Jodhnai,,  3 
(1911),  814. 

»  Holde  and  Eickmann,  Milt.  kgt.  Malerialprufungsamt,  1907,  145; 
Z.  angew.  Chem.,  20  (1907),  1263,  1923;  Southcombe,  J.  Soc.  Chem.  Ind..  30 
(1911),   261. 

»  Bur.  Sids..  Technologic  Paper  177  (1920),  8;  Circ.  99  (1920),  13. 


there  scorns  to  be  a  tendency  toward  high  carbonization  with 
high  sulfur.  The  matter  is  complicated  by  the  presence  in 
the  oils  of  substances  other  than  sulfur  which  can  cause 
accelerated  oxidation,  as  in  the  case  of  the  oil  which  contained 
but  0.05  per  cent  of  sulfur  but  had  a  carbonization  value  of 
0.29.  Four  other  oils  with  relatively  high  sulfur  had  car- 
bonization values  which  were  unexpectedly  low.  These 
results  can  be  accounted  for  on  the  supposition  that  the  sulfur 
compounds  resisted  oxidation.'  This  is  not  an  improbable 
assumption. 

It  is  not  the  intention  of  this  paper  to  formulate  a  general 
indictment  against  oils  which  contain  more  than  a  few  hun- 
dredths of  a  per  cent  of  sulfur,  because  there  is  not  enough 
experimental  and  practical  evidence  to  justify  such  a  course. 
However,  it  does  not  seem  unfair  to  say  that  such  oils,  except 
those  used  for  cutting,  are  not  above  suspicion.  No  chemist, 
if  forced  to  choose  between  two  oils  identical  in  every  respect 
except  their  sulfur  content,  would  select  the  one  with  the 
greatest  percentage  of  that  element  as  being  the  one  least 
likely  to  deteriorate  when  used  under  oxidizing  conditions. 
If  he  did  make  such  a  selection,  how  would  he  justify  it? 

Effect  of  Heat  on  Sulfur  Compounds  in  Oils 

Granting  for  the  sake  of  discussion  that  sulfur  compounds 
are  contributorj'  causes  to  rapid  oxidation,  what  happens  to 
these  compounds  when  oil  containing  them  is  heated  in  the 
air?  Fart  is  lost  either  by  direct  evaporation  or  after  crack- 
ing, and  hydrogen  sulfide  and  oxides  of  sulfur  are  to  be  looked 
for  in  the  escaping  gases  and  vapors.  A  considerable  part  of 
the  sulfur  is  to  be  found  in  the  asphaltic  matter  which  is 
thrown  down  by  the  addition  of  petroleum  ether  to  the  oxi- 
dized oil.  The  oil  filtered  off  from  the  precipitate  contains 
less  sulfur  than  it  did  before  heating. 

A  6-g.  sample  of  Cahfornia  cylinder  stock,  which  contained 
0.80  per  cent  of  sulfur,  was  heated  in  an  all-glass  apparatus  so 
constructed  that  a  slow  current  of  air  could  be  passed  into  the 
oil  and  out  through  a  flask  partly  filled  with  a  solution  of 
sodium  hypobromite.  The  oil  was  kept  at  240°  to  260°  C. 
for  3  hrs.  Only  a  film  of  oily  distillate  passed  over.  When 
the  hypobromite  was  acidified,  the  addition  of  barium  chloride 
immediately  produced  a  dense  precipitate  of  barium  sulfate. 
Drops  of  moisture  on  the  inside  of  the  tube  leading  into  the 
flask  were  strongly  acid  to  congo  red  paper,  which  does  not 
change  color  with  weak  acids.  This  oil  gave  off  hydrogen 
sulfide  when  heated  in  a  test  tube  to  250°,  and  perhaps  the 
drops  were  formed  by  oxidation  of  this  gas. 

The  following  experiments  show  that  only  part  of  the  sulfur 
is  lost  when  oils  are  heated  in  air,  and  that  this  element  takes 
part  in  the  formation  of  the  asphaltic  matter  thrown  down  by 
the  addition  of  petroleum  ether.  Three  oils  were  used:  C, 
the  California  cylinder  stock  just  discussed;  0,  a  commercial 
lubricant  of  unusually  high  carbonization  value;  and  M,  a 
motor  oil  to  wliich  topped  Mexican  crude  had  been  added  to 
increase  its  sulfur  content.  Ten-gram  samples  were  heated 
to  250°  C.  for  2.5  hrs.  in  open  flasks.  When  cold,  the  flasks 
were  weighed  to  determine  the  loss  by  evaporation.  The 
residual  oil  was  then  diluted  with  50  cc.  of  petroleum  ether, 

T  The  definite  statement  that  oils  may  contain  sulfur  so  well  "protected" 
that  it  resists  oxidation  was  recently  made  to  the  author  by  a  chemist  em- 
ployed at  one  of  the  large  eastern  refineries. 


726 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  8 


and  the  flask-s  were  corked.  Next  day  the  precipitates  were 
filtered  off  in  Gooch  crucibles,  washed  with  petroleum  ether, 
dried  at  10.5°  C,  weighed,  and  analyzed  for  sulfur. 

The  oily  filtrates  were  freed  as  completely  as  possible  from 
the  ether  by  wanning  first  on  the  steam  bath  and  then  in  an 
oven  at  105°.  It  is  believed  that  the  error  resulting  from 
this  procedure  was  not  unduly  large. 

Tabls  II— Spbciai.  Data  on  Thbbe  Oils 

Oil   C                O  M 

CarbonUalion  value,  pa- cent 0.10  4.55  1.91 

Siiltur  in  unh'itcd  oil,  per  cent 0.80  0.46  0.39 

Evaporation  lovi.  per  cent 3.37  22.00  15. .M 

SuKur  in  a.*phallic  precipitate,  per  cent 1.05  2.03  4.88 

Sulfur  in  oil  filteied  off.  per  cent 0.72  0.35  0.26 

TOTAI,  SULrUR  ACCOUNTBD  roR 

In  uphaltic  precipitate,  gram 0.0001       0.0U2       0.0093 

In  oil  filtered  oH,  Bram 0.0695       0.0253       0.0215 

Sulfur  found,  gram 0.0696       0.0365       0.0308 

Sulfur  in  unhealed  oil,  gram 0.080         0.046         0.039 

Sulfur  loit,  gram 0.0104       0.0095       0.0082 

Percentaee  of  sulfur  lost 13.00         20.65         21.03 

It  is  plain  from  the  figures  in  Table  II  that  there  is  a  ten- 
dency for  the  sulfur  to  accumulate  in  the  asphaltic  matter 
which  is  formed  by  oxidation  and  polymerization.  Some  is 
al.so  to  be  found  in  the  highly  oxidized  varnish-like  coating 
on  the  walls  of  the  flasks.  With  these  three  oils  the  amount 
of  this  varnish  was  less  than  3  mg.,  so  that  a  quantitative 
determination  of  sulfur  was  out  of  the  question,  although 
qualitative  tests  were  obtained. 


almost  any  apparatus  from  which  air  was  reasonably  well 
excluded  would  serve  the  purpose.  No  form  of  apparatus 
can  duplicate  the  conditions  in  an  engine. 

In  tlic  .second  place  there  was  no  need  of  driving  off  all  but 
the  residue  of  coke,  for  then  no  sulfur  would  be  left  unless 
strongly  basic  metals  were  present.  Besides,  no  one  claims 
that  the  deposits  in  an  engine  are  really  carbon.  Apart  from 
soot,  dust,  and  similar  extraneous  matter,  they  consist  largely 
of  the  last  portions  of  the  destructive  distillation  of  the  oil  and 
fuel,  or  oxidation  products,  or  both.* 

\\lien  only  a  small  part  of  the  oil  was  left,  the  heating  was 
stopped.  After  cooling,  the  crucibles  were  cleaned  as  well  as 
possible  on  the  outside,  and  weighed.  The  sulfur  in  the  resi- 
dues was  then  determined  in  order  to  ascertain  whether  it 
tended  to  remain  beliind  or  to  be  driven  off  with  the  oil 
vapors. 

The  following  oils  were  employed:  C,  the  California 
cylinder  stock  already  discussed;  P,  a  paraffin  ba.se  motor 
oil;  N,  a  naphthene  base  motor  oil;  S,  a  heavy  red  oil  con- 
taining "sulfonic  acids;"'  and  W,  a  wliite  medicinal  oU  from 
California  mixed  with  topped  Tampico  crude. 

In  the  case  of  every  oil  except  C,  the  distOlation  residue 
contained  a  somewhat  higher  percentage  of  sulfur  than  the 
unhealed  oil.  This  is  showTi  most  clearly  by  S  and  W.  The 
percentage  of  distillation  residue,  except  for  C,  was  less  than 
the  percentage  of  the  original  sulfur  retained  by  the  residue. 
This  shows  that  the  sulfur  is  not  driven  off  as  fast  as  the  oil 
during  the  cracking  and  distillation.    It  is  also  significant 


Tabls  III — Sulfur  in  Distillation  Residues 


OU C 

SuUur  io  oil 0 .  80 

Residue 25.2 

Sulfur  in  residue 0.78 

Sulfur  retained 24  . 4 

'  Only  4.20  K.  of  oi!  were  left  for  this  test. 


If  the  data  given  above  are  not  in  conflict  with  the  be- 
havior of  oils  in  actual  u.-^o,  the  deposits  formed  from  turliine 
and  transfonner  oils  should  contain  sulfur.  A  typical  steam 
turbine  sludge  analyzed  by  Mr.  Anderson  of  this  Bureau 
was  found  to  contain  0.33  per  cent  of  sulfur,  or  0.65  per  cent, 
culoulated  on  the  oil-free  basis.  Similarly,  the  oil-free 
(le|K>sit  in  a  transformer  contained,  according  to  an  analysis 
by  Mr.  Berryman,  0.57  per  cent  of  sulfur. 

Carbon  from  Internal  Ccmbustion  Engines 

A  few  samples  of  "carbon"  taken  from  internal  combustion 
engines  have  also  be<'n  analyzed.  In  twelve  analyses,  the 
percenfagea  of  sulfur  found  in  the  oil-free  material  were 
from  0.52  to  3.08.  The  amounts  of  a.sh,  2.87  to  11.87  per 
cent,  varied  independently  of  the  sulfur.  The  benzene- 
soluble  [Kirtions  of  three  carbon  deposits  contained  0.94, 
l.-'W,  and  1.52  per  cent  of  sulfur,  respectively. 

In  order  to  learn  something  more  about  the  accumulation  of 
sulfur  in  the  "carbon"  deposits  formed  in  internal  combustion 
engines,  a  few  inU  were  .ftibjeetofl  to  the  following  treatment: 
S-g.  samples  were  heated  in  100-cc.  porcelain  crucibles  which 
iTstted  on  a  wire  triangle  at  the  bottom  of  a  larger  iron  crucible. 
The  iM.rrrlain  cniribles  were  covered  with  watch  gla.sses,  so 
that  til.'  healing  oould  be  stoppetl  when  only  a  small  part  of 
the  nil  W!i,-<  left. 

This  form  of  apparatus  was  used  in  preference  to  the  Con- 
radson  carbon  residue  apparatus  liecause  it  was  easier  to 
stop  the  ^li^Mllation  at  any  desin-d  point  short  of  drj-nc&s. 
It  might  Ih-  objected  th.it  the  simpler  apparatus  would  not 
give  results  comparable  with  those  obtained  witii  Conrad- 
son's.  There  seems  to  Ix-  little  ground  for  such  an  objection. 
In  the  first  place,  the  object  wiu;  to  learn  something  of  the 
fate  of  the  sulfur  during  destructive  distillation  of  the  oil,  and 
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that  the  smaller  the  amount  of  the  distillation  residue  for  a 
given  oil,  the  greater  the  percentage  of  sulfur  it  contains. 
Tliis  is  most  evident  with  S  and  W.  In  the  last  experiment 
with  W,  the  residue  weighed  only  0.17  g.,  yet  it  yielded  almost 
0.090  g.  of  barium  sulfate.  It  consisted  of  loose  flakes  of 
carbon  and  a  varnish-like  coating  on  the  walls  of  the  crucible. 

Because  the  residue  of  carbon  cannot  possibly  carry  more 
than  traces  of  sulfur,  it  follows  that  at  the  very  end  of  the 
(listillntion  there  must  be  a  rapid  change  in  the  sulfur  content. 
It  is  difficult  to  check  this  by  analysis,  because  the  distillation 
cannot  be  stopped  at  the  desired  point,  even  though  its 
progress  can  be  watched.  Besides,  not  enough  sulfur  for 
a  satisfactorj'  determination  would  be  left.  A  simple  dis- 
tillation test  was  therefore  made.  About  5  cc.  of  oil,  con- 
taining 0.88  per  cent  of  sulfur,  were  distilled  from  a  retort 
made  by  drawing  out  the  open  end  of  a  hard  glass  test  tube. 
Throughout  the  distillation  the  evolution  of  moderate 
amounts  of  hydrogen  sulfide  could  be  detected  by  means  of 
lead  acetate  paper.  At  the  end,  when  it  became  necessary 
to  heat  part  of  the  retort  to  dull  redness,  hydrogen  sulfide 
came  off  more  freelj'  than  before. 

The  conclusion  must  be  drawn  that  the  presence  of  even 
considerable  percentages  of  sulfur  in  a  "carbon"  deposit  in  an 
internal  combustion  engine  is  not  evidence  in  favor  of  either 
the  oxidation  test  or  the  carbon  residue  test. 

Finally,  in  order  to  ascertain  whether  the  presence  of  sulfur 
compounds  caused  rajjid  oxidation  at  ordinary  temperatures, 
a  series  of  experiments  was  made  by  exposing  oils  to  the  action 
of  sunlight  and  air  for  100  hrs.    Ten-gram  samples  were 

'  Bur.  Sids.,  Circ.  99,  39,  Published  statements  bearing  on  this  point 
are  there  discussed. 

•  Distributed  in  1920  by  F.  R.  Baxter  for  cooperative  work  on  sulfur 
by  Committee  D-2,  American  Society  for  Testing  Materials. 
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Tablb  IV — Oxidation  op  SutPUR  Compounds  in  Sunuoiit 

(Values  expressed  in  per  cent) 

W         W 
Oxi-  NotOxi- 
SamplQ  4  5  C  dizcd    dizcd 

Sulfur  in  oriKinal  oil 0.23         0.70         0.80         0.79  0.79 

Change  in  weight  in  sunlight     +1.04      +0.06      +0.86     -0.87  .    .. 

Precipitate 0.57         0.29         0.11         3.71  3.08 

Sulfur  in  precipitate 1.24         0.49         9. 52         7.82  7.98 

exposed  in  loO-ce.  Erlcnmeyer  flasks  from  which  dust  was 
excluded  by  filter  papers  folded  over  their  mouths.  After 
exposure,  50  ec.  of  petroleum  ether  were  added  to  each  flask, 
which  was  then  corked.  Next  day  the  iirecipitates  were 
filtered  off  in  Gooch  crucibles,  washed  with  the  ether,  dried 
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at  105°  C,  and  weighed.  They  were  then  analyzed  for  sul- 
fur. The  results  arc  given  in  Table  IV. 
•  Of  these  four  oihs,  W  was  the  only  one  which  gave  a  pre- 
cipitate when  diluted  with  petroleum  ether  before  oxidation, 
and  only  this  oil  lost  in  weight  during  the  100-hr.  exposure. 
The  latter  fact  may  or  may  not  be  related  to  the  lower  sulfur 
content  of  the  precipitate  from  the  oxidized  oil. 

The  precipitates  all  contained  surprisingly  large  percentages 
of  sulfur,  and  there  can  be  no  rea.sonable  doubt  that  com- 
pounds of  this  element  play  an  important  part  in  the  oxidation 
of  the  oil  in  sunlight.  There  are  indications  of  the  formation 
of  sulfuric  acid  or  its  esters. 


Comparison  of  Wood  Cellulose  and  Cotton  Cellulose' 


By  S.  A.  Mahood^  and  D.  E.  Cable' 

Forest  Products  Laboratory,  Madison,  Wisconsin 


Data  recorded  in  this  paper  show  that  the  wood  cellulose  most 
nearly  corresponding  to  cotton,  talking  purified  linlers  as  a  standard, 
is  obtained  by  recooking  "easy  bleaching"  sulfite  pulp  with  soda  and 
bleaching  with  2  per  cent  bleach.  The  significant  differences  are 
found  in  the  amounts  of  furfural-yielding  constituents  present  and 
in  the  y-cellulose  contained  in  this  pulp  but  which  is  not  found  in  the 
linters.  This  sample,  howeeer.  represents  the  lowest  yield  on  the 
basis  of  the  original  wood. 

The  recooked,  raw  cooked  sulfite  pulp  {232  LR)  bleached  with  3 
per  cent  bleach  does  not  differ  so  markedly  from  the  above  sample  and 
represents  a  6  per  cent  higher  yield  on  the  basis  of  the  original 
wood.  Esterificalion  tests  might  show  this  to  be  a  suitable  form  of 
raw  material,  assuming  that  similarity  to  cotton  cellulose  is  a  pre- 
requisite for  wood  cellulose  for  this  purpose. 

Since  the  data  show  that  bleaching  is  a  very  efficient  method  of 
removing  the  noncellulose  material  it  is  probable  that  the  yield  of 
cellulose  suitable  for  the  manufacture  of  esters  could  be  materially 
increased  by  giving  a  light  or  raw  cooked  stock  a  bleaching  treatment 
prior  to  recooking  with  soda. 

Alkaline  cooking  produces  a  larger  amount  of  ^-cellulose  than  acid 
cooking,  the  amount  increasing  with  the  severity  of  the  cooking  con- 
ditions. From  a  chemical  standpoint,  pulps  produced  by  alkali 
are  less  similar  to  cotton  than  those  produced  by  acid  cooking  or  by 
acid  and  alkaline  cooking.  On  this  basis  the  former  appears  to  be 
less  suitable  for  esterificalion. 

On  the  basis  of  the  data  given,  cellulose  from  wood  and  cellulose 
from  cotton  do  not  represent  identical  chemical  aggregates,  and  the 
same  is  true  of  wood  celluloses  obtained  by  acid  cooking  and  by 
alkaline  cooking.  The  practice  of  checking  wood  cellulose  according 
lo  the  specifications  for  cotton  is  therefore  a  questionable  procedure. 

IT  is  customary  in  determining  the  suitability  of  wood 
cellulose,  to  be  employed  as  a  substitute  for  cotton 
cellulose  in  the  manufacture  of  cellulose  esters,  to  refer 
the  former  to  specifications  ordinarily  appUed  to  cotton. 
This  practice  is  perhaps  due  more  to  lack  of  data  regarding 
the  celluloses  than  to  lack  of  appreciation  of  the  possible 
differences  in  the  nature  of  these  chemical  aggregates.     It 

'  Presented  at  the  Cellulose  Symposium  of  the  Division  of  Industrial  and 
Engineering  Chemistry  at  the  60th  Meeting  of  the  American  Chemical 
Society,  Chicago,  111.,  September  6  to  10,  1920. 

'  Chemist  in  Forest  Products,  Forest  Products  Laboratory,  Madison, 
Wis. 

'  Assistant  Chemist  in  Forest  Products,  Forest  Products  Laboratory, 
Madison,  Wis. 


is,  of  course,  possible  to  obtain  from  wood  by  suitable  means 
of  degradation  a  cellulose  that  approximates  cotton  cellulose, 
but  available  information  indicates  that  cellulose  from  wood 
cannot  be  made  identical  with  cellulose  from  cotton.  To 
obtain  a  product  that  even  approximates  cotton  cellulose 
entaUs  a  loss  so  great  that  the  process  becomes  uneconomical. 
In  connection  with  a  study  of  the  preparation  of  wood 
cellulose  suitable  for  the  manufacture  of  cellulose  esters, 
comparisons  were  made  of  wood  and  cotton  celluloses  vary- 
ing in  purity  from  the  original  raw  materials  to  severely 
cooked  and  highly  bleached  samples,  for  the  purpose  of  (1) 
follomng  the  chemical  changes  which  occur  in  wood  pulps 
on  suocessi\'e  cooking  and  bleaching  treatments  in  order  to 
determine  whether  the  conditions  in  these  treatments  could 
be  changed  so  as  to  increase  the  jneld  of  suitably  purified 
ceUulose,  and  (2)  determining  so  far  as  possible  the  points  of 
similarity  or  difference  of  cellulose  from  wood  and  that  from 
cotton.  Data  of  this  nature  should  be  of  value  not  only  in 
the  manufacture  of  cellulose  esters,  but  also  in  all  allied  in- 
dustries involving  the  chemical  utilization  of  cellulose  and 
also  in  the  pulp  and  paper  industry. 

Experimental  Method'' 

Since  even  "normal"  or  cotton  cellulose  is  still  an  uncertain 
chemical  entity,  the  method  of  attack  in  making  these  com- 
parisons consisted  in  determining  the  constants  usually  stip- 
ulated in  specifications  for  cotton'^  and  also  certain  constants 
which  have  been  employed  in  the  analysis  of  the  lignoceUu- 
lose.* 

Moisture  was  determined  by  drjing  at  105°  C;  waxes,  fats, 
and  resins  were  found  by  extraction  with  ether  for  4  to  5 
hrs.;  solubilities  in  1  per  cent  aUcah  and  in  hot  and  cold 
water  were  obtained  by  treatment  T\ith  those  reagents  for 
1,  3,  and  48  hrs.,  respectively.  Pentosans  and  methylpento- 
sans  were  determined  by  distilling  the  material  under  in- 
vestigation with  12  per  cent  hydrochloric  acid  (sp.  gr.  1.06), 
treating  the  furfural  contained  in  the  distillate  with  phloro- 
glucinol,  weighing  the  resulting  mixed  phloroglucides,  and 
weighing  again  after  the  extraction  of  methylfurfural  phloro- 

•  Acknowledgment  is  made  to  Messrs.  M.  W.  Bray  and  J.  A.  Staidl 
for  assistance  in  securing  the  data  given  in  this  paper. 

6  Weaver.  'MiUtary  Explosives,"  1912,  ISS;  Marshall,  "Explosives," 
1917,  696;  Paper,  23  (1919),  No.  23. 

8  This  Journal,  9  (1917),  556;  Cross  and  Bevan,  "Paper-making." 
1916,  93. 
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glucide  by  mcan-s  of  alcohol.  Cellulose  determinations  were 
made  by  a  modification  of  the  method  of  Cross  and  Bevan, 
involving  alternate  treatment  with  chlorine  gas  and  a  2  per 
cent  solution  of  sodium  sulfite  to  a  point  where  no  color  re- 
sulted n-ith  the  sulfite  solution  after  treatment  with  chlorine. 
Acetic  acid  by  hydrolysis  was  found  by  boiling  for  3  hrs. 
with  2.5  per  cent  sulfuric  acid,  distilling  the  acid  extract 
under  a  pres-sure  of  40  to  50  mm.,  and  titrating  the  resulting 
distillate  with  .standard  alkali.  Methoxy  groups  were 
determined  by  distilling  with  hydriodic  acid  according  to 
the  Zeisel  method. 

Lignin,  or  the  noncellulose  content,  was  obtained  by  a 
modification  of  the  method  of  Ost  and  Wilkening'  employed 
in  the  hydrolysis  of  cellulose.  Four  grams  of  the  pulp  were 
extracted  with  ether  and  treated  with  ten  times  their  weight 
of  72  per  cent  sulfuric  acid,  and  hydrolysis  was  allowed  to 
proceed  for  16  hrs.  at  room  temperature.  The  solution  was 
then  diluted  to  '.i  per  cent  and  boiled  under  a  reflux  condenser 
for  2  hrs.  This  caused  a  coagulation  of  the  suspended 
material  and  the  residue  was  then  filtered  on  an  alundum 
crucible,  dried,  and  weighed. 

Solubility  in  7.14  per  cent  sodium  hydroxide  (or  10  per 
cent  potassium  hydroxide),  which  is  regarded  as  a  measure  of 
the  degree  f)f  bleaching,  was  determined  by  treatment  of  2 
g.  of  oveii-flry  pulp  with  100  cc.  of  alkali  at  100°  C.  A 
flask  provide<J  with  a  reflux  condenser  and  containing  the 
mixture  was  heated  in  a  salt  bath  for  exactly  3  hrs.  The 
mixture  wa.s  then  acidified  with  acetic  acid,  and  the  residue 
filtered  off,  drit-d,  and  weighed. 

The  "copper  number""  is  also  regarded  as  a  measure  of 
the  degree  of  Ijleaching.  This  value  was  obtained  by  treating 
2  g.  of  pulp  with  50  ec.  of  Fchling  solution  and  boiling  under 
a  reflux  condenser  on  a  liot  plate  for  exactly  15  min.  The 
residue  was  then  filtered  off  on  an  alundum  crucible  and 
washed  free  from  alkali.  The  copper  oxide  was  dissolved  in 
nitric  acid  (10.7  per  cent)  and  the  amount  of  copper  deter- 
mine<i  by  titration  with  thiosulfate  solution  under  standard 
conditions.* 

The  cellulo.sc  isolated  by  the  chlorination  method  was  ex- 
amined for  a-,  a-  and  7-ccllulose  by  treatment  with  caustic 
soda  solution  of  mercerizing  strength  (17.5  per  cent  NaOH).'" 
Weighe<l  amounts  (api)roxiniately  2  g.)  of  cellulose  were 
treati-d  with  a  volume  of  alkali  amounting  in  cc.  to  ten  times 
the  weight  of  the  cellulose  and  allowed  to  stand  for  exactly 
30  min.  at  ri:«>m  temperature  with  frequent  agitation.  The 
alkali  was  then  diluted  with  an  equivalent  volume  of  water 
and  the  umlis-solved  residue  filtered  on  an  alundum  crucible. 
The  rt-oelluli>s«',  which  remained  on  the  crucible,  was  w.ished 
free  from  alkali  with  the  aid  of  dilute  acetic  acid,  dried,  and 
wcighciJ.  The  filtrate  was  atidified  with  acetic  acid  and 
heated  on  a  water  bath  to  coagulate  the  /J-cellulose,  which 
was  then  filtered  off,  washed  thoroughly,  dried,  and  weighed. 
The  jK)rtii.ii  of  the  cellulose  permanently  dissolved  was 
Tr-celluli>se. 

»  Cro«.  and  llevan.  "Ruearchri  on  Cellulose."  lKS-10,  III,  39. 
'  .Vhwalbe.  "Chemie  d^r  I.  cllulu^e."  1»1I,  625. 
>  J.  Am.  Cktm.  io<..  14     |<jij,.  tj^ 

"Cnm  and  Bevan.  '  Kev^archci  on  Cellulose."  1*0»~10,  III.  23; 
"Paper  makinj-    Iftt.  97.  Schwallw    "Chemie  cler  Cellulose."  I»ll,  0.-)7. 


M.\TERiALS  Investigated 
The  cotton  samples  examined  consisted  of 

1 — Raw  linters  containing  about  20  per  cent  of  hulls. 

2 — Non-medicated  commercial  absorbent  cotton. 

3 — Purified  linters  prepared  by  cooking  raw  linters  with  20  per 
cent  of  their  weight  of  sodium  hydroxide  at  a  concentration  of 
2.6  per  cent. 

4 — Pulped  linters  prepared  by  cooking  raw  linters  with  a 
lime-soda-ash  liquor  containing  approximately  8.8  lbs.  of  caustic 
soda  to  100  lbs.  of  raw  linters. 

The  wood  cellulose  samples  analyzed  were  prepared  by 
Messrs.  S.  D.  Wells  and  V.  P.  Edwards  of  the  Section  of 
Pulp  and  Paper  of  the  Forest  Products  Laboratory  by  varying 
the  usual  cooking  conditions  somewhat.  Wliite  spruce 
(Picea  canadensis)  was  the  raw  material  used  in  all  the  cooks. 
Bleached  samples  were  prepared  from  each  of  the  pulps  by 
subjecting  them  to  the  varying  amounts  of  bleaching  powder 
indicated  in  the  tables.  The  bleaching  was  carried  out  at  a 
temperature  not  exceeding  38°  C.  and  allowed  to  continue 
to  exhaustion  of  the  bleaching  solution.  A  summary  of  the 
yields  of  bleached  and  unbleached  pulps  is  given  in  Table  I. 

The  analytical  data  obtained  on  these  samples  are  given 
in  Table  II.  In  the  case  of  the  sulfite  pulps  the  letters  L  and 
W  indicate  light,  or  raw  cooked,  and  well,  or  normal  cooked 
pulps,  respectively.  R  indicates  the  pulp  has  been  recooked 
with  a  weak  (1  per  cent)  caustic  soda  liquor.  In  the  soda  and 
sulfate  runs,  L  indicates  a  light  or  normal  cooked  pulp,  while 
W  indicates  a  well  or  severely  cooked  pulp. 

The  samples  were  air-dried  in  the  form  of  paper  and  the 
material  prepared  for  analysis  by  running  it  through  a  shred- 
der which  gave  a  fluffy  product  with  the  individual  fibers 
more  or  less  separated. 

Discussion  of  Results 

MOISTURE — Those  values  were  determined  for  the  jjurpose 
of  obtaining  a  basis  on  which  to  calculate  the  results  of  the 
other  determinations.  The  samples  were  exposed  long  enough 
to  be  air-dried  at  68°  F.  in  an  atmosphere  having  a  relative 
humidity  of  approximately  25  per  cent. 

Wood  cellulose  obtained  by  acid  cooking  is  more  hygro- 
scopic than  that  from  alkaline  treatment,  although  the 
reverse  has  been  observed  for  cotton  cellulose."  The  un- 
bleached sulfite  pulps  are  more  hygroscopic  than  raw  linters 
and  absorbent  cotton,  while  the  alkaline  pulps,  except  the 
light  cooked  sulfate,  are  less  hygro.scopic.  Bleaching  de- 
creases the  hygroscopicity  of  the  sulfite  pulps  but  increases 
the  aflBnity  for  water  of  pulps  that  have  been  subjected  to 
alkaline  treatment. 

ASH — All  celluloses  retain  a  certain  amount  of  the  mineral 
constituents  contained  in  the  original  raw  material,  irrespec- 
tive of  the  method  employed  in  their  isolation.  Schorger" 
found  cellulose  from  spruce  wood  to  contain  an  average  of 
0.30  per  cent  ash.  Purified  cotton  yields  an  ash  ranging  from 
0.10  to  0.50  per  cent,  while  raw  cotton  contains  1  per  cent  or 
more  of  mineral  constituents."    The  ash  values  in  the  wood 

"  Schwalbe.  "Chemie  der  Cellulose,"  1911,  13. 

"  Tins  Journal,  9  (1917),  .556. 

"  .Schwalbe,  "Chemie  der  CeUulose,"  1911,  34. 
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celluloses  examined,  while  fairly  uni- 
form for  each  series,  are  high  compared 
to  spruce  wood  on  the  one  hand  and  to 
purified  cotton  on  the  other.  The  high 
values  are  undoubtedly  due  to  insuffi- 
cient washing  of  the  pulps  and  to  ten- 
dency of  cellulose  to  absorb  mineral  salts. 

WATER-SOLUBLE    CONTENT — Ccllulose 

is  generally  regarded  as  insoluble  in 
water.'*  While  the  water-soluble  con- 
tent of  the  samples  analyzed  may  be 
accounted  for  in  part  by  soluble  salts 
retained  from  previous  treatments, 
many  of  the  samples  show  appreciable 
amounts  of  water-soluble  materia 
which  cannot  be  accounted  for  in  this 
way.  The  wood  celluloses  isolated  ap- 
pear to  contain  more  water-solub  1 
material  than  the  treated  cotton  cellu- 
lose. The  sulfite  pulps  are  more  soluble 
in  hot  than  in  cold  water  under  the  con- 
ditions of  these  experiments,  while  the 
reverse  is  true  of  the  pulps  from  alkaline 
treatment.  Bleaching  increases  the 
solubility  of  the  sulfite  pulps  but  tends 
to  decrease  the  solubiMty  of  the  soda 
and  sulfate  pulps.  Cross  and  Bevan'^ 
have  recently  shown  that  cotton  cellu- 
lose is  changed  both  quaUtatively  and 
quantitatively  by  contact  with  water. 

ALKALI-SOLUBLE  CONTENT — The  Sol- 
ubility test  in  7.14  per  cent  sodium 
hydroxide  is  in  reality  an  alkali-acid 
solubility  test,  since  the  alkaline  solu- 
tion is  acidified  before  filtering.  This 
almost  invariably  results  in  the  pre- 
cipitation of  some  material  (probably 
analogous  to  |3-celluIose)  which  would 
otherwise  remain  in  solution.  Not\rith- 
standing  this  difference  in  procedure, 
the  values  for  solubihty  in  1  per  cent 
alkali  and  7.14  per  cent  alkali  parallel 
each  other  in  practicallj'  all  cases. 

In  general,  increased  solubility  in 
alkali  results  from  increased  bleaching, 
but  notable  exceptions  to  this  are 
found  in  the  case  of  the  light  or  raw- 
cooked  (Series  221  L)  sulfite  pulp.  The 
results  obtained  in  the  light-cooked 
series,  where  no  increase  in  solubility 
occurs  on  bleaching,  are  due  to  two 
compensating  changes  which  take  place. 
As  indicated  by  the  lignin  values, 
bleaching  removes  the  noncellulose  ma- 
terial, which  is  more  or  less  soluble  in 
alkali,  on  the  one  hand,  and  produces 
alkaU-soluble  constituents  from  the 
residual  ceDulose,  on  the  other.  The 
effect  is  a  practically  constant  percent- 
age of  alkali-soluble  material  \\ith  7.14 
per  cent  sodium  hydroxide.  With  1  per 
cent  alkali,  the  two  changes  do  not 
compensate  so  closelj^  but  their  effect  is 
quite  apparent. 

Several  of  the  recooked  samples 
which  have  been  lightly  bleached,  to- 

1'  Schwalbe,  "Chemie  der  Cellulose,"  1911.  19. 
""Cellulose,"  1918,  311. 
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gether  with  both  of  thp  soda  pulps  and  the  well-cooked  sul- 
fate pulp,  approach  purified  Unters  and  absorbent  cotton  in 
their  decree  of  solubility  in  alkali.  In  general,  however, 
the  wood  celluloses  are  more  soluble  than  cotton  cellulose 
which  has  lj«?n  subjected  to  corresponding  treatment. 

The  solubility  in  7.14  per  cent  sodium  hydroxide  is  ap- 
parently due  to  the  presence  of  lignin,  furfural-yielding 
constituents,  and  7-cellulose  in  the  pulp  and  also  to  the  con- 
version of  some  of  the  more  resistant  celluloses  into  soluble 
form  during  the  3-hr.  boiling  with  the  alkali  in  the  test.  Evi- 
dence for  this  is  given  in  Table  III,  where  the  solubility  in 
alkali  on  the  one  hand  is  comjiared  with  the  B-  and  7-cellulose 
and  loss  on  chlorination  on  the  other.  In  the  alkiiline  pulps 
the  conversion  of  insoluble  to  soluble  cellulose  has  apparently 
reached  its  limit  in  the  original  cook. 


Table  III 

Sahpls  No. 

7.14  Per  cent      P-  and  y 

NaOH  Soluble     Cellulose' 

Per  cent             Per  cent 

Loss  on 

Chlorinatk 

Per  cent 

221 L 
223L 
224L 

26.46                  17.18 
26.93                 13.97 
26.36                  15.61 

17.18 
12.87 
6.72 

221W 
223W 
224W 
22SW 

19.89                  11.78 
19.89                  11.31 
23.70                  12.49 
32.76                  16  06 

5.05 
3.67 
2.99 
4.11 

231 WR 

232WR 
233WR 
234  WR 
235WR 

3.63                    9.85 
5.31                    4.81 
12.81                    6.57 
20.02                    9.00 
36.87                  24.09 

1.87 
1.90 
1.93 
2.32 
4.39 

Munittan  lintcrs 

3.72                    2.58 

0.68 

201 1.- Soda 
201WSodJi 
LMlL-SuKatr 
211W.Suiriile 

5.93                  13.36 
5.89                  18.95 
8.61                  14.94 
5.51                  17.68 

6.83 
4.80 
5.44 
3.83 

Calculated  on  the  b 

isis  of  the  originid  pulp. 

If  time  and  temperature  of  treatment  and  strength  of 
alkali  were  the  same  in  the  alkali-solubility  determination 
and  in  the  determination  of  «-,  /3-,  and  7-cpllulose  the  sum 
of  Columns  2  and  3  would  more  nearly  approximate  Column 
1.  That  the  7.14  per  cent  solubility  figures  are  in  the  main 
greater  than  this  sum  in  the  case  of  the  sulfite  pulps,  especially 
those  which  have  not  been  redigested,  indicates  that  this 
solubility  test  is  too  severe  a  test  for  these  pulps  a.s  consider- 
able of  what  is  determined  as  a-cellulose  is  dissolved  during 
the  test. 

ACETIC  ACID  BY  HYDROLYSIS— Sprucc  wood  jnelds  on  hy- 
drolysis with  dilute  sulfuric  acid  1.59  per  cent  of  fatty  acids 
consisting  almost  entirely  of  acetic  acid.  The  data  show  the 
acetyl  groups  producing  this  acid  to  !«  removed  both  by 
acid  and  alkaline  cwiking.  .\cetic  acid  residues,  if  present 
in  the  wckkI,  are  not  re.solvi-d  l)y  subsequent  cooking  or  Ijleach- 
ing  into  a  condition  in  wliicli  they  yield  acetic  acid  on  further 
hydrolysis  with  dilute  sulfuric  acid.  The  recooked  sulfite 
pulps  and  also  the  .soda  and  sulfate  pulps  correspond  with 
cotton  in  yielding  practically  no  acetic  acid  by  hydrolysis. 

ETiiEK  EXTRAiT— This  extract  contains  the  waxes,  fats, 
resins,  etc.,  not  removed  from  the  pulps  by  cooking.  Spruce 
wood  yields  an  extract  of  1.36,  wliile  subjecting  this  wood 
to  mild  acid  cooking  tends  to  concentrate  the  extractive 
material  in  the  pulp,  lus  is  shown  in  Sample  2L'1L.  Strong 
bleaching,  however,  tends  to  reduce  the  amount  of  extractives 
in  the  .■sulfite  pulps  but  does  not  cause  an  elimination  of  them 
lieyond  a  certain  |K.int,  as  indicated  in  the  well-cooked  series. 
Tlic  cottons  yield  smaller  amounts  of  extractive  materials 
than  the  wimkIm.  .S.mIu  cooking  is  slightly  mr)re  efficient  in 
removing  these  materials  than  sulfite  or  sulfate  cooking. 
Subswimiit  bleaching  of  the  soda  and  sulfate  pulps,  in  con- 
trast with  the  sulfite  pulps,  does  not  remove  any  of  the 
residual  exiraelives.  In  fact,  the  percentage  of  ether-soluble 
constitu.nts  appears  to  lie  slightly  increased  bv  the  action 
of  bleaching  powder  on  the  alkaline  pulps.  The  two  soda 
cooks  are  nearest  the  maximum  specification  of  0.4  per  cent 


of  extractive  matter  for  cotton,  but  none  of  the  samples  of 
pulp  meets  this  requirement. 

PENTOSAN,  METHYLPENTOSAN,  .'i^vD  FURFURAL — The  furfural- 

and  methylfurfural-jielding  constituents  of  wood  are  usually 
calculated  in  terms  of  pentosan  and  methylpentosan.  This 
procedure  was  followed  in  tabulating  the  present  results. 
Since  the  extraction  of  methylfurfural  pliloroglucide  with 
alcohol  is  not  entirely  satisfactorj',  the  results  are  also  cal- 
culated in  terms  of  furfural,  which  eliminates  the  effect  of 
this  extraction  in  the  data  recorded  under  the  heading  of 
"Furfural"  and  gives  values  more  comparable  than  the  values 
under  the  other  two  headings.  In  general,  however,  the 
values  in  all  three  columns  parallel  each  other  rather  closely. 

The  chief  source  of  furfural  in  woods  are  the  pentosans, 
although  the  lignin  also  contains  furfural-jdelding  con- 
stituents. In  pulps  there  may  be  present  hydrocellulose  and 
oxycellulose  which  also  yield  furfural.  Since  the  yield  of 
furfural  from  each  series  of  pulps  is  constant  or  nearly  so  the 
indication  is  that  very  little  hydrocellulose  or  oxycellulose  is 
formed  during  bleaching.  This  seems  to  show  that  the 
solubility  of  the  pulps  in  alkali,  which  increases  rapidly  with 
increased  bleaching,  and  which  is  usually  attributed  to  the 
above  modifications,  is  due  to  some  other  change  in  the 
celliilose. 

The  pulps  contain  larger  percentages  of  pentosan  and 
methylpentosan  than  the  cottons.  To  what  extent  this 
makes  them  less  suitable  than  cotton  for  esterification  has  not 
been  fully  determined,  although  it  is  commonly  considered 
that,  in  cellulose  for  nitration,  the  presence  of  lower  carbo- 
hydrate bodies  leads  to  a  less  stable  nitration  product. 

METHOXY  CONTENT — MethoxA'  groups  are  characteristic 
of  the  lignified  celluloses.  They  are  contained  chieflj'  in  the 
lignin  and  are  therefore  largely  removed  by  cooking  and  by 
bleaching.  The  absence  of  mcthox-j'  groups  is  regarded  as  an 
indication  of  a  very  pure  form  of  cellulose.  The  bleached 
soda  pulps  and  the  recooked  sulfite  pulps  compare  very  favor- 
ably with  the  cottons  which  are  shown  to  contain  very  small 
amounts  of  methoxj'.  Benedikt  and  Brambcrgcr"  found  no 
methyl  groups  in  cotton  but  small  amounts  in  .sulfite  cellulose. 

CELLULOSE — The  yields  of  cellulose  from  the  pulps  by  the 
chlorination  method  more  nearly  approach  those  from  cotton 
in  the  case  of  the  recooked,  normal  cooked  sulfite  pulp  and 
the  well-cooked  soda  and  sulfate  pulps.  There  is,  however, 
considerable  difference  in  the  nature  of  these  celluloses 
when  the  a-,  8-,  and  7-cplluloses  and  furfural-yielding  con- 
stituents in  them  are  considered.  The  7-cellulose  for  each 
series  of  bleached  pulps  is  fairly  constant  but  is  less  than  that 
for  the  unbleached  pulps  of  the  same  series  in  the  case  of  the 
sulfite  pulps  and  greater  in  the  case  of  the  soda  and  sulfate 
pulps.  All  the  wood  celluloses  contain  more  7-cellulose  than 
the  purified  cotton  samples.  In  the  manufacture  of  nitro- 
cellulose 7-cellulose  is  said  to  be  lo.st  during  nitration"  and 
therefore  roduc(>s  the  yield  of  nitrocellulose  obtained. 

Pulps  obtained  liy  tlie  alkaline  cooks  contain  a  higher  per- 
centage of  ,'?-c('llulose  than  those  obtained  by  the  acid  cooks. 
Mild  bleaching  has  little  effect  but  heavy  bleaching  converts 
or-  into  (3-cellulose'.  Upon  nitration  /3-cellulose  is  said  to  give 
a  less  stable  product,  but  the  evidence  on  this  point  is  not 
conclusive. 

Furfuroids,  as  pointed  out  bj'  Cross  and  Bevan,"  appear 
to  be  normal  constituents  of  cellulose  isolated  from  wood. 
This  differentiates  wood  cellulose  from  cotton  cellulose, 
.■dthougli  the  data  show  that  the  latter  contains  small  amounts 
of  furfural-yielding  constituents. 

The  sample  which  is  the  nearest  approach  to  the  purest 
cotton  sample  (purified  linters)  from  the  standpoint  of  the 

'•  Monalsh.,  11,  260. 

"  This  Journal,  U  (1920),  382. 

"  "Cellulose,"  1918,  83. 
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nature  and  yield  of  cellulose  is  the  recooked  noi-mal  cooked 
sulfite  pulp  (2.32  WR)  Meaohed  with  2  per  cent  bleach. 

LiGNiN — Tlie  term  lipnin  is  rather  indefinite  and  is  com- 
monly applied  to  that  portion  of  wood  which  is  not  cellulose. 
In  this  paper  liiinin  is  defined  as  the  residue  insoluble  in  72 
per  cent  sulfuric  acid  under  the  conditions  already  outlined. 
The  values  given  are  not  corrected  for  ash  since  the  ash  con- 
tent for  each  series  of  samples  is  practically  constant. 

A  stronger  concentration  of  acid  is  sometimes  employed  in 
this  determination.  However,  we  obtained  higher  values 
using  95  per  cent  sulfuric  acid,  as  indicated  by  the  following 
figures: 


Samplb  No. 

-2  Per  c( 
Per  cent 

nt  lUSOi 
Mean 

9.5  Per  cent  H.SO« 
Per  cent             Mean 

231  WR 

1.05 
O.SS 

0.96 

1.65 

1.65                 1.65 

The  procedure  in  making  the  determinations  with  9.5  per 
cent  sulfuric  acid  was  to  treat  the  sample  for  5  min.  with  ten 
times  its  weight  in  cc.  of  acid.  The  reaction  mixture  was 
then  diluted  to  twenty  times  its  volume  and  boiled  under  a 
reflux  condenser  for  4  hrs.  The  high  values  obtained  are 
probably  due  to  a  certain  amount  of  charring  of  the  cellulose." 

Soft  woods  like  spruce  contain  approximately  25  to  30  per 
cent  lignin  which,  as  shown  by  the  data,  is  removed  to  a  greater 
or  less  de,gree  in  the  pulping  process,  depending  upon  the 
severity  of  cooking  conditions  and  the  nature  of  the  process 
employed.  The  effect  of  bleaching  in  remo\'ing  lignin  from 
sulfite  pulp  is  well  indicated  in  each  of  the  series  of  bleached 
samples,  but  particularly  in  the  case  of  the  raw-cooked  sulfite 
samples  (Series  221L).     On  the  other  hand,  the  inability  of 

"Z.  Physiol.  Chem.,  17]  S3  (1SS2),  913. 


bleaching  to  remove  the  lignin  from  alkaline  cooked  pulp  is 
well  illustrated  in  the  soda  and  sulfate  samiiles.  Bleaching 
appears  to  increase  rather  than  decrease  the  amount  of 
material  insolui>le  in  sulfuric  acid.  The  well-cooked  sulfite 
pulps  give  values  that  agree  well  with  those  for  cotton,  but  the 
pulps  obtained  by  alkaline  cooking  run  rather  high  in  lignin. 

COPPER  NUMBER — The  coppcr  number  was  projjosed  by 
Schwalbe  as  a  means  of  measuring  the  degree  of  i)leaching  of 
cellulosic  materials  and  a  dctuilcd  method  of  procedure  was 
worked  out  in  his  laboratory  for  making  the  determination. 
The  simpler  method  employed  in  this  investigation,  as  al- 
ready outlined,  gives  comparable  results  and  is  less  tedious 
than  the  original  method.  Blank  runs  on  Fehling  solution 
gave  an  average  value  of  0..38,  which  was  assumed  to  be  con- 
stant and  the  values  were  not  corrected  for  it. 

The  values  obtained  increase  with  increasing  amounts  of 
bleach  employed,  but  the  unlileaciied  samples  also  yield 
values  of  nearly  the  same  magnitude  as  the  mildly  bleached 
pulps  showing  that  products  other  than  those  produced  in 
bleaching  also  reduce  Fehling  solution.  Bancroft^"  con- 
cluded that  the  reducing  action  on  Fehling  solution  is  prob- 
abh'  not  characteristic  of  oxyccUulose,  to  which  it  is  in  part 
attributed,  but  to  decomposition  products  of  the  cellulose. 

The  differences  in  the  copper  number  with  increased 
bleaching  are  not  so  pronounced  as  the  corresponding  differ- 
ences in  the  alkali  solubility.  The  latter  constant  appears, 
therefore,  to  be  more  suitable  as  a  means  of  determining  the 
degree  of  bleaching  than  the  copper  number.  The  usual 
specification  of  a  copper  number  not  to  exceed  1.0  would 
exclude  all  of  the  pulps  except  231LR. 

"J.  Phys.  Chem.,  19  (1915),  159. 


A  Reagent-Bottle  Siphon' 


By  C.  A.  Jacobson 


West  Virginia  Univi 


,   MORGANTOWN,  WEST  VIRGINIA 

THE  accompanying  cut  shows  the  construction  of  a 
buret  siphon,  especially  suitable  for  use  ■Rith  reagent 
bottles.  The  siphon  is  so  constructed  that  a  measured 
quantity  of  the  Mquid  may  be  removed  from  the  bottle  with- 
out pouring  or  applying  suction  by  mouth. 

It  is  composed  of  a  buret  arm.  A,  calibrated  in  cubic  centi- 
meters from  0  to  25,  and  a  hea\'y  glass  arm,  G,  which  is  sup- 
ported in  a  bottle,  K,  by  the  stopper  L.  The  upper  end  of 
A  is  drawn  out  to  receive  a  rubber  bulb,  F,  of  a  slightly  larger 
capacity  than  the  buret.  The  side  tube  D  is  pro\'ided  with 
a  rubber  tube  E  and  pinch  clamp.  The  lower  end  of  A  is 
drawn  out  like  the  deliverj'  end  of  a  buret  and  provided  with 
a  stopcock,  B.  C  is  a  glass  plug  which  must  be  removed 
before  ■withdrawing  liquid  from  the  bottle. 

To  start  the  siphon,  close  B,  open  E,  compress  the  bulb  F, 
clamp  E,  then  release  the  pressure  on  F,  and  the  bulb  will 
draw  the  liquid  through  G  into  A.  If  it  is  desired  to  with- 
draw  a  large  quantity  of  the  liquid  from  the  bottle,  let  the 
entire  tube  up  to  H,  fill  ^ith  liquid.  'V^'hen  B  is  opened  the 
liquid  siphons  over.     To  stop  the  siphoning  open  E. 

If  it  is  desired  to  measure  out  a  small  quantity  of  the  liquid, 
repeat  the  above  directions,  but,  before  the  arm  H  fills  with 
liquid,  open  E,  and  keep  open  while  adjusting  the  height  of 
the  liquid  in  A,  by  means  of  the  stopcock. 

>  Received  May  16,  1922. 


This  reagent-bottle  siphon  can  now  be  obtained  in  a  2-1. 
size;  other  siaes  could  doubtless  be  supplied  also. 

The  T\Titer  has  used  a  similar  siphon  for  several  j'ears  and 
finds  it  ven,^  convenient.  An  additional  support  for  the  buret 
arm      could 
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The   Separation    of  m-  and  p-Cresols  from    Coal-Tar   Crude 

Carbolic  Acid' 


By  Arthur  Fred  Campbell 

DysBRTii,  Alkrington.  Middlbton,  Manchester,  England 


A  melhod  15  JcMribeJ  for  the  separation  of  practically  pure 
m-  and  pcresoU  from  coal-tar  crude  carbolic  acid. 

A  preliminary  separation  of  the  59  to  60  per  cent  m-cresol  product 
may  be  obtained  by  the  comparatioe  difference  in  the  rates  of  sulfo- 
nation  of  the  two  cresols  at  a  low  temperature.  The  most  favorable 
conditions  arc  preferential  sulfonation  at  40"  C.  with  96  per  cent 
sulfuric  acid  for  6  hrs.  The  extracted  aqueous  sulfonic  acid  liquor 
yields  an  approximately  80  per  cent  m-cresol  product. 

A  98  to  100  per  cent  m-cresol  is  obtained  on  conversion  of  the 
extracted  aqueous  sulfonate  of  mono-sulfonic  acids  into  their  am- 
monium salts  and  crystallization  of  the  latter. 

An  88  to  90  per  cent  p-cresol  is  obtained  by  a  second  preferential 
tulfonation  of  the  abooe-extracled  nonsulfonated  cresols,  and  re- 
covery and  purification  of  the  residual  nonsulfonated  p-cresol 
product. 

THE  object  of  this  paper  is  to  describe  a  method  for 
the  separation  of  practically  pure  m-  and  p-cresols 
from  the  crude  carbolic  acid  obtained  by  tlie  usual 
works  practice  in  the  coal-tar  industry. 

The  crude  carbolic  acid  separated  during  the  distillation 
and  working  up  of  coal  tar  contains  varying  amounts  of 
phenol  and  cresols,  largely  dependent  upon  the  kind  of  tar, 
its  .source,  and  the  method  of  distillation. 

In  the  absence  of  any  great  demand  for  pure  cresol  prod- 
ucts, commercial  fractionation  is  usually  limited  to  the 
production  of: 

1 — Distillates  rich  in  phenol,  from  which  carbolic  acid  cr>'stals 
may  \x  obtained  by  crystallization. 

2 — rractions  of  high  boiling  point,  containing  little  phenol 
and  consisting  largely  of  the  three  cresols. 

In  many  cases  the  latter  fraction  also  contains  varying 
proportions  of  the  xylcnols. 

The  u.sual  products  manufactured  by  the  tar  distiller, 
who  docs  not  proceed  to  the  further  separation  and  puri- 
fication of  phenol  and  the  cresols,  are  the  various  grade.s  of 
carbolic  and  cresylic  acids.  These  products  may  be  obtained 
either  by  the  fractional  washing  of  the  crude  tar  oils  with 
caustic  soda  or  by  the  fractional  distillation  of  the  mi.xture 
of  phenol,  creaols,  and  xylcnols  recovered  in  one  stage  by 
trcatnicnt  with  caustic  soda. 

Altliough  homologous  substances  may,  in  general,  be  sep- 
arated by  fractional  di.stillation,  the  method  is  not  so  widely 
applicable  to  the  separation  of  isoraerides.  It  is  possible, 
however,  on  the  basis  of  the  boiling-point  differences,  to 
separate  by  fractionation  the  complex  crude  carbolic  acid 
into  fractions  which  consist  for  the  most  part  of  (1)  phenol, 
(2)  o-crc.--i>l,  (3)  m-  and  p-cresols,  and  (4)  xylcnols  and  other 
complex  phenols. 

Since  r  -  and  7>-<Te,sola  are  isomerides,  the  differences  in 
their  physical  proprrtics  will  be  very  small.  By  taking 
advantage  of  dilTfrcnccs  in  their  chemical  behavior,  how- 
ever, it  is  po.s.sib|i'  I.,  Mp:ir:ito,  in  a  pure  state,  the  third 
fraction  into  the  twn  i- .iiiir>.  >ii-  und  p-cresol. 

Many  methods  for  tli>-  .-fimration  have  been  published. 

•  RecciTcd  Dfrrmbcl  21,  IS.'l. 


The  more  important  of  these  references  are  listed  below.' 
The  following  summary  shows  the  differences  given  by 
the  various  authors  for  the  physical  properties  of  phenol 
and  the  three  cresols: 


' Cresol 

Phenol       Ortho         Meta  Para 

Fox  AND  Barker  (/.  Soc.  Chem.  Ind..  36  (1917J,  842;  37  (1918),  269TJ 

BoUing  point,  "  C 182.2       191.8         202.1         202.5 

Freezing  point,  °  C 40.5         30.1  36.0 

Specific  gravity,  15.5°  C 1.0.516       1.0387       1.03S8 

Refractive  index.  Mo  at  40°  C 1.53719     1.53322     1.53187 

Dawson  and  Modntford  [J.  Chem.  Soc,  113  (1918),  937] 

Freezing  point,  °  C 41.0       30.45  10.0         34.15 

Specific  gravity,  25»/4° 1.0710     1.0415       1.0295       1.0295 

Viscosity,  n,  25°  C 0.0883     0.0762       0.1240       0.1413 

SiDowicK,  SpDRREU.  AND  DAVIE3  [J.  Chem.  Soc,  107  (1915),  12021 
Solubility  in  HiO  at  20°  C,  per 

cent 8.5  2.8  2.3  2.0 

At  the  time  of  this  research  the  methods  published  for 
the  estimation  of  phenol  and  the  three  cresols  were  very 
unsatisfactory,  and  were  practically  adaptable  only  to  the 
individual  pure  products  and  not  to  the  complex  mixtures 
under  consideration  in  this  paper.  Those  published  for 
phenol  were  assigned  cliiefly  to  serve  as  an  examination  of 
pharmaceutical  phenol,  and  with  a  mixture  of  the  three 
cresols  it  was  possible  to  estimate  only  ?n-cresol  with  any 
degree  of  accuracy.  A  considerable  number  of  original 
papers  on  the  estimation  of  phenol  and  the  three  cresols 
have  since  been  published.^ 

Upon  investigation  of  the  published  methods  for  the 
separation  of  m-  and  p-cresol  it  is  apparent  that  the  most 
satisfactory  and  economical  separation  of  the  two  isomers 
in  a  pure  state  is  by  a  sulfonation  method.  If  m-  and  p- 
cre.sols  have  under  certain  definite  conditions  widely  different 
rates  of  sulfonation  it  will  be  possible  to  obtain  a  partial 
separation. 

It  was  therefore  considered  desirable  to  determine  the 
possibilities  of  a  method  based  on  a  preferential  sulfonation 
of  the  crude  m-p-cresol  product,  and  at  the  same  time  to 
eliminate,  if  possible,  the  recovery  from  the  sulfonic  acids 
of  an  unsatisfactory  and  only  partly  purified  cresol  product. 

If  the  sulfonate  from  a  preferential  sulfonation  is  utilized, 
without  decomposition  of  the  sulfonic  acids  with  steam  and 
recovery  of  the  cresols  in  the  usual  manner,  it  will  be  an 
additional   advantage   to  sulfonate  under  such   conditions 


>  Riehm,  D.  R.  P.  63.307  (1889);  Byk,  D.  R.  P. 
D.  R.  P.  137,584,  141,421;  Fr.  Patent  317,512;  B 
Vidal,  Fr  Patent  315,695  (1901);  Chem.  Fabr. 
148,703;  Brit.  Patent  1881  (1904);  Schulze  and  Lade: 


100,418;  Rud  ROtgcrs, 
■it.  Patent  286  (1902); 
Ladenburg,  D.  R.  P. 
iburg,  D.  R.  P.  152,652; 


Bayer  &  Co.,  D.  R.  P.  156,761,  157.616;  Blit.  Patent  9953  (1904);  Raschig, 
D.  R.  P.  112,545;  U.S.  Patent  655,1 17;  Brit.  Patent  18,334  (1899);  Raschig, 
n.  R.  P.  114,975;  U.  S.  Patent  8.56,263;  Brit.  Patent  25,269  (1899);  Hoff- 
mana-Laroche  &  Co.,  Fr.  Patent  434,534  (1911);  Brit.  Patent  25,166  (1911); 
Fr.  Patent  434,643  (1912);  U.  S.  Patents  1,025,615,  1,025,616;  Brit.  Patents 
2458  (1912),  3923  (1912);  Schulkc  and  Mayr,  D.  R.  P.  268,780  (1911); 
Tcrrisse,  Fr.  Patent  444,187  (1912);  D.  R.  P.  267,210,  Terrisse,  Fr.  Patent 
463,221  (1913);  D.  R.  P.  281,054;  Darzens.  Brit.  Patent  107,961  (1916); 
Downs  and  Potter,  U.  S.  Patent  1,364, .547. 

•  Masse  and  Leroux,  Compl.  rend.,  163  (1916).  361;  Weiss  and  Downs, 
This  Journal,  9  (1917),  569;  Skirrow,  Ibid.,  9  (1917),  1102;  Knight,  Lin- 
coln, Formancic,  and  Follctt,  Ibid.,  10  (1918),  9;  Fox  and  Baiker,  J.  Soc. 
Chem.  Ind.,  36  (1917),  842;  87  (1918),  265T;  Sharpies,  Ibid.,  87  (1918), 
IMT;  KendaU  and  Beaver,  J.  Am.  Chem.  Soc,  48  (1921),  1853. 


Aug.,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


733 


that  only  monosulfonic  acids  are  formed,  thus  avoiding 
difficulties  in  crystallization  due  to  complex  solubility  curves. 
The  results  of  the  preferential  sulfonation  experiments 
show  that  a  fairly  satisfactory  preliminary  separation  of 
the  crude  ?n-;)-cresol  may  be  obtained  by  sulfonation  at  a 
temperature  of  30°  to  40°  C.  with  9G  per  cent  sulfuric  acid 
for  6  hrs.  After  the  extraction  of  the  nonsulfonated  cresols, 
an  aqueous  solution  of  the  monosulfonic  acids  of  m-  and 
p-cresol  is  obtained,  with  the  wi-cre.sol  content  varying  from 
70  to  80  per  cent  according  to  the  coni|}osition  of  the 
crude  material. 
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Fig.  1 

By  the  preferential  sulfonation  of  an  approximately  60 
per  cent  m-cresol  product,  followed  by  conversion  of  the  ex- 
tracted aqueous  solution  of  the  monosulfonic  acids  into  the 
ammonium  salts,  and  crystallization  of  the  latter  at  a  known 
concentration,  a  98  to  100  per  cent  m-cresol  product  may 
be  obtained.  A  product  containing  87  per  cent  m-cresol  is 
similarly  obtained  from  a  crude  50  per  cent  m-cresol. 

It  follows  from  the  method  outlined  for  the  separation 
of  »i-cresol,  together  with  the  fact  that  p-cresol  is  sulfonated 
at  only  approximately  one-third  the  rate  of  //i-cresol  under 
the  specified  conditions,  that  the  greater  part  of  the  p-cresol 
is  contained  in  the  nonsulfonated  cresols  recovered  from  the 
jn-cresolsulfonate.  Although  the  nonsulfonated  material, 
containing  p-cresol  equivalent  to  80  to  85  per  cent  of  the 
amount  in  the  crude  60  per  cent  meta  product,  is  an  excel- 
lent basis  for  the  separation  of  para,  it  is  not  a  mixture  of 
pure  m-  and  p-cresols  but  contains  a  small  percentage  of 
o-cresol  and  certain  of  the  xylenols. 

Since  the  comparative  speed  of  sulfonation  of  o-cresol  is, 
under  the  chosen  conditions,  only  0.60  times  that  of  m-cresol, 
the  small  amount  of  o-cresol  will  be  accumulative  in  the  non- 
sulfonated cresols.  Similarly,  m-cresol  is  sulfonated  at  3.02 
times  and  1.260  times  the  rate  of  pure  asymmetric  m-xylenol 
(OH  :  CHj  :  CHs  =  1  :  2  :  4)  and  pure  p-xylenol  (OH  : 
CH3  :  CH3  =  1:2:5),  respectively,  and  these  products 
will  also  be  accumulative.  The  xylenols  are  of  special  interest 
smce  they  occur  in  the  coal-tar  fractions  allied  to  the  more 
important  cresol  fractions. 

The  small  percentage  of  hydrocarbons  in  the  60  per  cent 
m-cresol  product  remains  practically  unchanged  and  will 
also  accumulate  in  the  nonsulfonated  cresol  product. 

A  high  percentage  p-cresol  may,  however,  be  obtained  by 
the  resulfonation  of  the  nonsulfonated  cre.'^ol  product  with 
the  requisite  quantity  of  sulfuric  acid.  The  second  non- 
sulfonated cresol  product  yields,  on  removal  of  the  hydro- 
carbons and  further  purification  by  freezing  and  draming 
under  vacuo,  an  88  to  90  per  cent  p-cresol. 


Experimental 

The  crude  m-p-cresol  product  used  in  this  research 
was  obtained  by  the  fractional  distillation  of  crude  carbolic 
acid,  consisting  of  phenol,  0-,  m-,  and  p-cresols,  and  the  mixed 
xylenols,  as  produced  in  the  usual  works  practice. 

The  dehydrated  crude  carbohc  acid  with  a  phenol  content 
of  17  to  IS  per  cent  gave  the  following  distillation  points 
when  distilled  from  a  Wurtz  flask: 


First  drop 

10  per  cent 


Dry 

Sp.  gr.  OOVSO" 


191°  C. 

104 

195.5 

198 

200 

201 

203.5 

211.6 

219 

246 

292 

1062 


The  results  of  the  distillation,  made  with  an  efficient  frac- 
tionation column  packed  with  small  metal  rings,  are  shown 
in  Figs.  1  and  2,  where  the  percentage  distillate  and  per- 
centage ?«-cresol  in  distillate,  respectively,  are  plotted  against 
the  temperature  in  °  C,  corrected  for  barometric  pressure 
and  emergent  stem  of  thermometer,  read  at  the  still-head. 

The  author  desires  to  express  at  this  point  his  appreciation 
to  H.  S.  Land  and  J.  H.  Roebuck  for  assistance  in  the  experi- 
mental part  of  this  paper. 

Preferential  Sulfonation  of  m-  and  p-Cresols 

The  author  has  been  unable  to  find  any  published  work 
showing  the  comparative  difference  in  the  rates  of  sulfona- 
tion of  the  cresols. 

The  influence  of  the  introduction  of  the  methyl  group 
into  the  phenol  molecule  and  the  effect  of  temperature  on 
the  speed  of  sulfonation  of  phenols  is  shown  in  a  paper 
pubhshed  independently.* 

It  is  well  known  that  reaction  speeds  are  extremely  sensible 
to  and  readily  influenced  by  variation  in  temperature.  A 
series  of  experiments  were  carried  out  under  various  condi- 
tions to  determine  whether  771-  and  p-cresols  have  different 
velocities  of  sulfonation  and,  if  so,  the  conditions  which  give 
the  widest  degree  of  preferential  sulfonation.  A  quantity 
of  sulfuric  acid  less  than  is  necessary  for  complete  sulfonation 
will  have  to  be  employed  to  effect  a  separation.  The  time 
of  sulfonation  wiU  influence  the  amount  sulfonated. 
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The  crude  59  to  60  per  cent  wi-cresol  product,  used  in  the 
majority  of  the  experiments,  gave  the  following  points  (page 
734)  when  distilled  from  a  Wurtz  flask  fitted  with  the  bulb 
of  the  thermometer  on  a  level  with  the  exit  tube,  at  the  uni- 
form rate  of  60  drops  per  min. 

The  sulfiu-ic  acid  was  gradually  added  to  the  m-p-cresol 
product  over  a  period  of  10  min.     During  the  addition  of 
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Per  cent  mcta 
First  drop 
10  ptr  cent 


59.7 
199.4' 
201.1 
201.8 
202.0 
202.1 
202.3 
202.4 
202.6 
202.8 
203.4 
203.8 


the  acid  the  sulfonation  mass  was  maintained,  by  cooling 
or  heating,  at  approximately  1°  C.  below  the  desired  sul- 
fonation temperature. 

The  corked  flasks  were  suspended  in  a  water  bath  with 
the  body  of  the  flask  completely  immersed.  The  tempera- 
ture of  the  bath  was  regulated  by  a  thermostat  and  main- 
tained  to  within   =*=    0.5°  C.  of  the  desired  temjjerature 
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for  6  hrs.  The  sulfonation  mass  was  poured  into  water, 
the  nonsulfonated  cresols  extracted  with  pure  benzene, 
the  combined  benzene  extracts  washed  once  with  water, 
and  the  benzene  removed  by  distillation  with  a  Young's 
4-l)ulb  pear  column  to  100°  C.  By  repeating  the  distilla- 
tion three  times  to  160°  C.  the  residual  cresols  contained 
only  an  inrMiitc-iimal  amount  of  benzene. 

The  weighed  extract  of  nonsulfonated  cresols  was  esti- 
mated for  m-cre.sol  \>y  Raschigs'  method'  and  the  necessary 
figurea  calculated  for  the  nonsulfonated  and  the  sulfonated 
cresols. 

The  most  important  data  obtained  from  a  considerable 
numl)or  of  ex|)oriments  using  o9  to  (>0  per  cent  m-cresol  and 
varying  amounts  of  different  strengths  of  sulfuric  acid  may 
be  summarized  as  follows: 

The  weights  of  different  strengths  of  sulfuric  acid  neces- 
sary to  yield  a  sulfonate  of  approximately  the  same  composi- 
tion showetl  that  with  acid  of  less  than  90  per  cent  the  amount 
originally  taken  was  in  excess  and  out  of  all  proportion  to 
tlie  amount  actually  u.^ed  in  the  sulfonation. 

The  m-/>-crc.«()l  proilurt  does  not  form  a  homogeneous 
solution  with  r^ulfuric  acid  of  less  than  S8  per  cent,  and  it  is 
necessary  to  jigitate  the  mass  during  the  whole  period  of 
reaction.  Hnmogcneous  solutions  are  formed  with  acid  of 
a  higher  cot.. -ent  rat  ion  and,  after  the  addition  of  the  acid, 
agitation  is  unncccs.xMry.  The  reaction  mass  is  simply  main- 
tained at  the  desiri'ii  lennxTature  for  the  required  period. 

The  results  obtainnl  with  different  amounts  of  90  per 
cent  sulfuric  acid  and  UK)  g.  of  the  m-/>-cresol  jiroduct  are 

•  Z.  onjnr.  Chtm.,  U  (1000),  7,5«. 


diagrammatically  represented  in  Figs.  3  and  4,  where  the 
percentage  of  w-cresol  in  the  sulfonated  product  is  plotted 
against  the  temperature  of  sulfonation  and  the  weight  of 
sulfuric  acid,  respectively. 

The  results  show  that  at  low  temperatures  tliere  is  a  de- 
cided difference  in  the  comparative  rates  of  sulfonation  and 
that  7n-cresol  is  sulfonated  at  a  much  faster  rate  than  p-cresol. 
Thus  at  20°  C,  under  exactly  the  same  conditions,  m-cresol 
is  sulfonated  at  almost  five  times  the  rate  of  p-cresol.  As 
the  temperature  increases  the  difference  in  the  comparative 
rate  of  sulfonation  diminishes,  until  a  point  is  reached  when 
the  two  isomers  are  sulfonated  at  practically  the  same  rate. 

The  percentage  of  m-cresol  in  sulfonate,  with  unit  time, 
decreases  with  increase  of  weight  of  96  per  cent  acid,  and  also 
with  increase  of  temperature. 

Although  the  sulfonate  with  the  highest  percentage  of 
mcta  compound  is  obtained  at  comparatively  low  tempera- 
tures, the  most  satisfactory  results,  considered  from  all 
points  of  view,  are  probably  those  obtained  at  40°  C. 

By  taking  into  consideration  (1)  the  desirability  of  main- 
taining a  minimum  of  70  per  cent  and  80  per  cent  m-cresol- 
sulfonate  from  a  crude  50  and  60  per  cent  meta  product, 
respectively;  (2)  the  highest  yield  of  sulfonated  cresols 
compatible  \\ith  the  70  or  80  per  cent  m-sulfonate;  (3)  the 
percentage  of  original  meta  compound  contained  in  the  sul- 
fonate; and  (4)  the  weight  of  sulfuric  acid  necessary  to  ob- 
tain tliis  product,  the  tabulated  results  show  that  although 
the  30°  sulfonate  contains  a  slightly  higher  percentage  meta 
than  the  40°  sulfonate,  the  weight  sulfonated  and  the  amount 
of  the  original  meta  contained  in  the  sulfonate  are  consider- 
ably higher  at  40°  than  at  30°. 

The  results  obtained  with  50/51  per  cent  and  59/60  per 
cent  m-cresol,  using  the  same  weight  of  acid  in  each  case, 
(37.5  g.  of  96  per  cent  per  100  g.  of  crude  cresol)  for  6  hrs. 
at  30°  and  40°  C,  respectively,  are  summarized  in  the  follow- 
ing table: 

Crude  product,  per  cent  m-cresol. ...         50  to  .51  59  to  60 

Temperature,  °  C 30°            40°  30°           40° 

Percent  cresol  sulfonated 22.8         31.8  28.0         35.8 

Per  cent  m-crcsol  in  sulfonate 73.3         70.1  83.fi         82.2 

Per  cent  total  m-crcsol  in  sulfonate  .  35.3         47,1  40:0          50.3 

The  sulfonate,  at  a  temperature  higher  than  40°  C,  has 
a  correspondingly  lower  percentage  of  m-cresol  and,  as  such, 
is  not  a  suitable  basis  for  the  separation  of  pure  m-cresol  by 
the  method  described  below. 

Approximately  30  per  cent  more  by  weight  of  96  per  cent 
sulfuric  acid  is  required  at  30°  than  at  40°  C.  to  yield  in  unit 
time  a  sulfonate  of  similar  jwrcentage  composition  and  con- 
taining the  same  amount  of  original  m-cresol. 

At  40°  C,  7?i-cresol  is  sulfonated  at  approximately  three 
times  the  rate  of  p-cresol. 

The  results  summarized  below  show  that  by  sulfonation 
for  6  hrs.  at  40°  C,  acids  of  a  higher  concentration  than 
96  per  cent,  with  the  same  weight  of  actual  sulfuric  acid  in 
each  case,  give  a  sulfonated  product  with  practically  the 
same  percentage  of  /»-cresol  and  cqui\alent  to  the  same 
total  7w-cresol. 

HjSOi  soi        so, 

Strength  of  acid,  per  cent 96.0  100.0  5.0  10.0 

Per  cent  cresols  sulfonated 35.8  33.0  36.0  36.0 

Per  cent  m-cresol  in  sulfonate 82.20  83.57  81.25  82.00 

Per  cent  total  m-cresol  io  sulfonate..  50.30  49.83  49.83  50.30 

It  will  be  seen  elsewhere  that  for  any  given  temperature 
the  velocity  of  sulfonation  is  independent  of  either  the  amount 
or  strength  of  acid  used  in  the  sulfonation. 

Thus  the  most  satisfactory  and  favorable  conditions  for 
.1  preliminary  separation  of  m-  and  /j-cresols  by  preferential 
sulfonation  may  be  summarized:  (1)  the  crude  product  must 
be  essentially  a  mixture  of  m-  and  p-  cresol,  contain  no  phenol, 
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and  only  a  small  percentage  of  either  o-cresol  or  the  xylcnols; 
(2)  the  sulfonatioii  must  be  carried  out  at  a  low  temperature, 
preferably  at  40°  C;  (3)  concentrated  sulfuric  acid,  prefer- 
ably 9t)  [H'r  cent  and  less  than  the  tiieoretical  amount  neces- 
sary for  complete  sulfonation;  and  (4)  the  sulfonation  is 
allowed  to  continue  for  G  hrs. 

It  will  be  seen  below  tiiat  only  monosulfonic  acids  are 
formed  under  these  conditions. 

Meta-Cresol 

Under  the  above  conditions  of  sulfonation  an  aqueous 
solution  of  the  monosulfonic  acids  of  m-  and  p-cresol,  with  a 
70  to  SO  y>cT  cent  nieta  content  varying  proportionately  to 
the  50  to  60  per  cent  meta  content  in  the  crude  w-p-cresol 
product,  may  be  obtained  after  extraction  of  the  nonsul- 
fonated  cresols. 

If  it  is  desired,  at  this  stage  of  the  purification,  to  recover 
the  high  percentage  m-cresol  product  from  the  aqueous 
sulfonic  acid  solution,  this  may  be  conveniently  and  readily 
effected  by  adding  the  sulfonation  mass  to  a  quantity  of  water 
which,  after  extraction  to  remove  the  nonsulfonated  cresols, 
merely  requires  heating  to  the  boiling  point  (130°  C.)  to  ob- 
tain an  almost  theoretical  decomposition  of  the  sulfonic 
acids.  The  extracted  aqueous  liquor  at  this  concentration 
is  equivalent  to  60  per  cent  sulfuric  acid. 

With  a  view,  however,  to  the  utilization  of  this  aqueous 
liquor  without  decomposition  of  the  sulfonic  acids,  the  solu- 
bilities of  the  calcium,  barium,  sodium,  and  ammonium  salts 
of  the  m-  and  p-cresolmonosulfonic  acids  in  water  at  20°  C. 
were  determined.  These  particular  salts  were  chosen  in 
preference  to  others  since  they  were  the  most  readily  adapt- 
able to  commercial  practice. 

For  this  purpose  50  g.  of  the  purified  cresol  were  sulfonated 
with  an  equal  weight  of  96  per  cent  sulfuric  acid  for  6  hrs. 
at  40°  C.  The  extracted  aqueous  solution  of  the  mono- 
sulfonic acids  was  converted  into  the  barium  salts,  and  aliquot 
portions  of  the  solution  of  the  barium  salt,  free  from  carbonate 
and  sulfate  of  barium,  were  converted  into  the  sodium  and 
ammonium  salts  in  the  usual  manner.  The  calcium  salts 
were  prepared  tlirough  the  ammonium  salts  in  order  to  obtain 
the  salt  free  from  calcium  sulfate. 

The  solubilities  are  given  in  g.  of  anhydrous  salt  per  100 
g.  of  water  at  20°  C. 


Calcium 
Sodium 
Ammoniu 


n.03 
7.91 
10. S4 


Para 
4.03 
6.84 
10.10 
19.17 


The  amount  of  barium  in  the  barium  salts  of  the  above 
m-  and  p-cresolsulfonic  acids  was  estimated  as  sulfate  by 
(1)  incineration  of  1  g.  of  the  salt  with  ammonium  nitrate, 
and  (2)  the  precipitation  method,  with  the  foUomng  results: 

Meta-Salt 
1  g.  barium  salt  gave  0.4.56  g.  BaSO« 
1  g.  barium  salt  gave  0.4.54  g.  BaSO* 
Mean  =  0.4550 

Pasa-Salt 
1  g.  of  barium  salt  gave  0.456  g.  BaSO« 
1  g.  of  barium  salt  gave  0.457  g.  BaSOt 
Mean  =  0.4565 

The  theoretical  weight  of  barium  sulfate  equivalent  to 
1  g.  of  the  barium  salt  of  either  m-  or  p-cresolmonosulfonic 
acid  is  0.4563  g.  It  may  therefore  be  assumed  that  only 
monosulfonic  acids  are  obtained  in  the  above  method  of 
sulfonation. 

The  following  additional  comparative  ratios  may  be 
calculated  bj-  successively  taking  as  unity  (1)  the  barium 
salt  of  the  two  isomeric  monosulfonic  acids,  (2)  the  w-mono- 
sulfonic  acid  salt,  and  (3)  the  p-monosulfonic  acid  salt. 


I 

Mcta 

Para 

Barium 
Calcium 
.Sodium 
Ammonium 

100 
l.-i.5 
118 
1«2 

100 
170 

475 

2)  and  (S) 

m  :  p 

p  :  m 

Barium 
Calcium 
Sodium 
Ammonium 

100  :  60 
100  :  7B 
100  :  127 
100  :  177 

100  :  len 
100  :  132 
100  :  78 
100  :  57 
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Fig.  4 

The  solubility  determinations  show: 

1 — The  alkali  salts  of  the  monosulfonic  acids  of  p-cresol  are 
more  soluble  than  the  corresponding  salts  of  m-cresol. 

2 — The  reverse  is  the  case  with  the  alkaline  earth  salts,  and 
the  salts  of  the  monosulfonic  acid  of  m-cresol  are  more  soluble 
than  the  corresponding  salts  of  /)-cresol. 

3 — The  barium  salts  of  either  monosulfonic  acid  are  the  least 
soluble,  while  the  ammonium  salts  are  the  most  soluble. 

4 — The  ammonium  salts  have  the  widest  difference  in  degree 
of  solubility. 

5 — The  range  of  solubility  of  the  barium  salts  is  also  fairly 
wide,  but  not  quite  so  marked,  and  in  the  reverse  order  to  the 
ammonium  salts. 

Thus  a  fairly  complete  separation  of  the  aqueous  solution 
of  the  m-  and  p-cresolmonosulfonic  acids  may  be  efTected 
by  the  conversion  of  the  mixed  sulfonic  acids  into  their 
ammonium  salts  and  a  fractional  crystallization  of  the  latter. 
For  every  100  parts  of  the  ammonium  m-salt  appro.ximately 
177  parts  of  ammonium  p-salt  would  be  held  in  solution 
at  anj'  particular  concentration  at  20°  C. 

The  results  from  the  fractional  crystallization  of  the  am- 
monium salts  of  the  monosulfonic  acids  prepared  in  the  above 
maimer  from  a  crude  product  vrAh.  an  analj-sis  of  59.4  jjer 
cent  7n-cresol,  1.3  per  cent  hydrocarbons,  and  by  difference 
39.3  per  cent  p-cresol,  wiU  illustrate  the  degree  of  separation 
by  this  method. 

Five  hundred  grams  were  sulfonated  with  185  g.  of  96 
per  cent  sulfuric  acid  at  40°  C.  for  6  hrs.  The  suffonation 
mass  was  poured  into  750  cc.  of  water,  and  the  extracted 
aqueous  solution  of  the  monosulfonic  acids  was  con\erted, 
through  the  barium  salts,  into  the  ammonium  salts.  The 
final  filtered  mother  liquor  was  evaporated  to  1.190  sp.  gr. 
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at  60°  C.  which  concentration  j-ielded  a  reasonable  amount  The  first-stage  sulfonation  of  the  59  to  60  per  cent  crude 

of  first  crop  crj-stals  at  20°  C.  7n-cresol  gives  two  intermediate  products:  (a)  an  extract  of 

ThecrystalswerefiItered,drainedon  the  pump,  and  pressed  nonsulfonated  cresols  which  is  the  basis  for  the  subsequent 

between  filter  paper  in  a  small  hand  hydraulic  press  to  re-  separation  of  a  high  percentage  p-cresol,  and  (6)  the  first 

move  as  much  of  the  adhering  mother  liquor  as  possible,  sulfonate  with  a  percentage  meta  content  of  78  to  80  per 

The  crystal  was  decomposed  by  the  addition  of  half  its  weight  cent,  suitable  for  immediate  conversion  into  the  ammonium 

of  concentrated  sulfuric  acid,  heating  the  mixture  in  an  oil  salts  and  crystallization  of  the  latter  to  yield  a  pure  w-cresol. 

bath  to  80°  C,  when  superheated  steam  at  110°  C.  was  By  the  re-sulfonation  of  the  nonsulfonated  cresols  (a)  with  the 

introduced.    The  temperature  of  the  mass  quickly  reached  requisite  quantity  of  concentrated  sulfuric  acid,  two  further 

130°  C,  with  the  simultaneous  formation  of  a  turbid  solution  products  are  obtained:   (c)  a  second  extract  of  nonsulfonated 

and    practically    complete    decomposition    of    the    sulfonic  cresols  with  a  high  percentage  para,  equivalent  in  composition 

acids.    The  liberated  cresols  could  either  be  distilled  over  to  the  above  one-stage  sulfonation  product,  and  yields  on 

with  steam  or  recovered  at  once  by  extraction.    The  de-  removal  of  the  hydrocarbons,  freezing  and  draining  of  the 

composition  of  the  salt  was  completed  by  increasing  the  tern-  residual  product,  an  88  to  90  per  cent  p-cresol,  and  (d)  a 

perature  to  145°  C.  second  sulfonate  with  a  percentage  composition  approxi- 

The  mother  liquor  was  further  evaporated  for  a  second  mately  equivalent  to  the  original  crude  meta-para  product. 

crop  and  the  crj-stal  treated  as  above.    The  cresols  from  the  The  cresols  from  this  second  sulfonate,  with  the  additional 

final  mother  liquor  were  also  recovered  in  a  similar  manner,  advantage  of  being  free  of  hydrocarbons,  may  be  returned 

The  recovered  nonsulfonated  cresols  amounted  to  66.7  to  the  crude  59  to  60  per  cent  meta  product  and  used  in  a 

per  cent  of  the  crude  product  and  contained  44.8  per  cent  second  cycle  of  operations.. 

m-cresol  and,  by  difference,  55.2  per  cent  p-cresol.    A  method  The  separation  of  the  two  isomers  by  this  method  is  illus- 

for  the  separation  of  p-cresol  from  this  material  is  described  trated  by  the  following  experiment. 

below.  One  hundred  grams  of  the  59.4  per  cent  m-cresol  product 

In  the  following  summary  the  yields  are  calculated  on  ^ere  sulfonated  with  50  g.  of  96  per  cent  sulfuric  acid  at  40° 

the  assumption  that  the  liquor  from  the  pressing  of  the  C.  for  6  hrs.    The  sulfonation  mass  was  poured  into  150 

first  crop  of  crj-stal  would  be  recovered  and  added  to  the  main  cc.  of  water  and  the  nonsulfonated  cresols  recovered  in  the 

mother  liquor  previous  to  evaporation  for  the  second  crop,  usual  manner.    The  extract  (a)  of  61.4  g.  had  the  percentage 

and  the  liquor  from  the  second  crop  added  to  the  final  resid-  composition  of  40.4  per  cent  m-cresol,  2.1  per  cent  hydro- 

ual  inotlier  liquor.  carbons  and,  by  difference,  36.5  per  cent  p-cresol. 

First        Second       Mother  Decomposition  of  the  aqueous  solution  of  the  sulfonated 

Crop         Crop       Liquor  cresols  yielded  37.7  g.  with  an  analysis  of  78.5  per  cent  m-, 

\^oi.'irfi»r«u°'i.""c':cc.V. ".:::::::::::      '254        'feo        ;:::  and,  by  difference,  21.5  per  cent  p-cresol.    Thus  the  first 

SpKr.  of  filtrate  at  IS"  c 1.175        1.190        —  Sulfonate  (6)  has  a  similar  Composition  to  that  obtained  in 

Weight  of  previed  crystal,  grama 119                 45               ....  ,                   .                                      ,               ^,         .              i-    ,    i                        ,      i 

Wdfht  of  cresols.  grams 50.6         22.5         54.8  the  previous  section  and  may  be  immediately  converted 

p«  cent  »,.cre,oi  in  product 97.7         87.5         77.2  into  the  ammonium  salts  of  the  Sulfonic  acids  for  a  final 

The   corresponding   product  obtained   without   previous  separation  of  a  98  to  100  per  cent  m-cresol. 

removal  of  the  adhering  mother  liquor  by  pressing  had  a  The  first  extract  (a)  of  nonsulfonated  cresols  has  now  to 

m-cresol  content  of  92.4  per  cent.  be  re-sulfonated  with  such  a  quantity  of  acid  as  will  give  a 

Thus  a  product  containing  97.7  per  cent  m-cresol  may  be  second  extract  (c)  of  a  high  percentage  p-cresol  and  a  second 

obtained  by  the  fractional  crystallization  of  the  ammonium  sulfonate  (d)  with  a  percentage  composition  equivalent  to 

8alt«  of  ft  mixture  of  the  monosulfonic  acids  of  /«-  and  p-  the  original  crude  material. 

cresol  prepared  as  above.  For  this  purpose  the  61.4  g.  were  sulfonated  with  their 

own  weight  of  96  per  cent  sulfuric  acid  under  the  usual 

Para-Cresol  conditions,  and  the  nonsulfonated  and  sulfonated  products 

A  comparatively  pure  p-cresol  may  be  isolated  from  the  recovered  as  hitherto. 

crude  59  to  60  per  cent  m-cresol  product  in  either  one  or  The  second  sulfonate  (d)  yielded  46.4  g.,  with  an  analysis 

two  staRpg  of  preferential  sulfonation,  according  to  whether  of  58.5  per  cent  m-cresol  and,  by  difference,  41.5  per  cent 

the  separation  is  considered  for  p-crcsol  alone  or  includes  P-cresol.     The  jnelds  of  these  products  on  the  crude  59  to 

the  isolation  of  the  two  is(»incrs  simultaneously.  60  per  cent  m-cresol  are  approximately  equivalent    to  46 

In  a  one-stage  sulfonation  an  SS  to  90  per  cent  p-cresol  may  and  47  per  cent  of  the  m-  and  p-cresol,  respectively.    The 

readily  be  obtained  by  treating  the  crude  59.4  per  cent  percentage  composition  of  the  second  sulfonate  is  therefore 

m-cresol  with  its  own  weight  of  96  per  cent  sulfuric  acid  at  almost  identical  -nith  tliat  of  the  original  crude  meta-para 

40°  C.  for  6  hrs.  and  purification  of  the  recovered  non.sul-  product. 

fonatcd  cresols  as  descril>ed  later.  I'nder  these  conditions,  The  second  extract  (c)  of  nonsulfonated  cresols  yielded 
however,  the  cxccs.sive  amount  of  sulfuric  acid  requisite  to  13.1  g.,  consisting  of  9.8  per  cent  m-cresol,  9.9  per  cent  hydro- 
give  this  high  percentage  para  yields  a  correspondingly  large  carbons  and,  by  difference,  80.3  per  cent  p-cresol. 
amount  of  sulfonate  with  a  percentage  composition  of  approxi-  This  product  may  be  further  purified  by  addition  of  an 
mately  68  per  cent  m-  and.  by  difference,  32  per  cent  p-  excess  of  caustic  soda,  removal  of  the  hydrocarbons  with 
cresol.  This  is  a  vrrj-  unsati.-facton,'  intermediate  sulfonate,  steam,  and  recoverj'  of  the  cresols  from  the  sodium  cresylate 
It  is  not  immediately  adaptable  for  the  separation  of  a  pure  in  the  usual  manner.  By  freezing  and  draining  the  residual 
m-cresol  and  would  yield  only  an  approximate  85  per  cent  crystalline  product  under  vacuo,  a  product  may  finally  be 
meta  profluct  by  the  crj-slallization  of  the  ammonium  salts,  obtained  with  a  7n-cresol  content  of  6  to  7  per  cent  and  a 
Nor  is  thf  68  per  cent  m-cresol  a  suitable  final  product  if  crj-stallization  point  of  22.7°  C,  equivalent  to  approximately 
recovered,  without  further  purification,  from  the  sulfonate.  89  per  cent  p-cresol. 

It  is  preferable  to  rnn'^idcr  the  separation  of  p-cre.sol  in  The  p-cresol  was  estimated  by  the  determination  of  the 

conjunction  with  tlir  rniili...!  .ilrcndy  described  for  pure  m-  freezing  point  and  the  corresponding  percentage  was  read 

cresol  and  to  isolal<-  tli.'  p-.  r.-nl  in  two  stages  of  preferential  from  a  previously  prepared  graph  obtained  by  plotting  the 

sulfonation  according  to  the  following  scheme:  freezing  point  of  knownmixtures,  with  a  maximum  impurity 
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of  30  per  cent  m-cresol  in  order  to  be  well  above  the  eutectic 
point,  of  specially  purified  m-  and  p-cresols. 

It  was  found  that  tlie  freezing  point  of  p-cresol  was  de- 
pressed to  almost  exactly  the  same  extent  by  equal  weights 
of  either  o-  or  7«-cresols,  and  the  two  freezing-point  curves 
were  almost  identical.  This  has  since  been  confirmed  by 
the  more  exhaustive  work  on  the  freezing  points  of  known 


mixtures  of  phenol  and  the  three  cresols  by  Dawson  and 
Mountford.' 
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The  Training  of  the  Industrial  Chemist' 


By  George  Warren  Walker 


Hupp  Motor  Car  Corporation,  Detroit,  Michigan 


IN  any  adequate  consideration  of  the  training  of  the  industrial 
chemist,  two  things  must  be  kept  in  view:  first,  what  are 
the  conditions  requisite  for  the  best  training  or  education 
of  the  individual?  and  second,  what  are  the  conditions  in  in- 
dustry for  which  that  individual  is  to  be  fitted? 

The  latter  will  be  considered  first.  What  are  the  industrial 
conditions  and  the  demands  of  industry?  Whatever  other 
purposes  and  demands  may  be  put  forward  from  time  to  time, 
it  must  be  kept  in  mind  that,  in  the  United  States  at  least,  the 
primary  and  fundamental  purpose  of  industry  is  to  produce 
a  profit,  either  immediately  or  without  any  considerable  delay. 
General  managers  and  stockholders  do  not  look  kindly  upon 
any  proposed  investigation  which  does  not  promise,  with  some 
degree  of  certainty,  adequate  profits  in  the  near  future.  Any 
investigation,  however  sound  theoretically,  which  would  involve 
considerable  cost  and  a  somewhat  prolonged  period  of  time  for 
its  completion,  would  receive  scant  attention,  especially  if  the 
question  of  profit  was  at  all  uncertain. 

In  the  main,  then,  industry  is  confined  to  fairly  well-established 
lines  of  business  in  which  the  profits  are  fairly  certain,  that  is  to 
say,  lines  of  business  in  which  the  investigation  of  new  processes 
and  products  is  given  little  or  no  consideration  as  the  main  lines 
of  development  work  have  been  completed. 

Of  course,  here  and  there  a  firm  or  an  individual  may  be  doing 
considerable  work  in  developing  new  products  and  processes 
as  a  result  of  exceptionable  management  or  conditions.  But 
these  exceptions  only  serve  to  emphasize  the  conservative  char- 
acter of  industry  as  a  whole. 

In  industry  conducted  for  a  profit  it  follows  that,  of  necessity, 
a  large  part  of  the  work  has  been  reduced  to  a  routine,  mechani- 
cal, chemical,  etc.  This  at  once  facilitates  the  calculation  of 
gains  and  losses,  and  renders  more  certain  the  adequate  control 
of  profits. 

From  time  to  time,  a  new  process  or  a  new  product  is  brought 
out  by  some  struggling  concern  or  individual.  The  improvement 
may  be  of  such  a  novel  or  revolutionarj'  character  that  estab- 
lished lines  of  industry  are  compelled  to  readjust  themselves. 
Such  changes  are  generally  the  exception.  Most  changes  are 
made  slowly  and  in  minor  details  and  extend  over  considerable 
periods  of  time  so  as  not  to  disrupt  the  business  and  interfere 
with  profits. 

An  industrial  chemist  on  entering  the  factory  will  find  that 
the  majority  of  the  work  is  of  a  routine  character.  Industries 
of  considerable  size  and  supposedly  founded  on  the  results  of 
chemical  investigation  often  do  little  or  no  work  in  the  develop- 
ment of  new  products  and  processes.  The  management  is 
satisfied  with  profits  and  the  public  is  apparently  satisfied  with 
'Received  May  11.  1922. 


the  product.  To  improve  the  product  means  a  decrease  in 
profits  in  the  case  where  more  costly  processes  are  involved; 
so  why  change? 

The  industrial  chemist  as  a  general  thing  devotes  a  large 
part,  if  not  all,  of  his  time  to  routine  work.  The  examination 
of  the  raw  material  which  comes  into  the  factory,  the  testing  of 
the  products  turned  out,  some  supervision  of  the  processes  of 
manufacture  by  way  of  addition  tests  cover  about  all  that  is 
expected  of  him.  He  is  occasionally  called  upon  to  exercise 
some  originality  when  a  routine  process  breaks  down  or  fails  to 
function  properly.  On  this  occasion,  if  on  no  other,  the  manage- 
ment is  desirous  of  knowing  why  it  happened. 

In  view  of  the  above,  what  are  the  conditions  requisite  for 
the  best  training  or  education  of  the  individual  chemist?  The 
first  and  most  important  thing  is  to  forget  all  about  industry. 
Too  many  universities  and  colleges  have  endeavored  to  convert 
their  laboratories  into  small  factories  to  the  advantage  of  neither 
students  nor  industries. 

The  purpose  of  an  institution  of  learning  is  to  instruct  and 
not  to  train  factory  hands.  A  student  who  intends  to  make  a 
life-work  of  chemistry  should  study  it  from  the  standpoint  of 
a  scientist  rather  than  from  the  standpoint  of  a  factory  manager. 
About  the  saddest  spectacle  a  person  can  view  is  that  of  a  uni- 
versity laboratory  fitted  out  on  the  factory  plan.  No  university 
laboratory  can  present  the  conditions  found  in  a  factory,  and 
if  it  did  succeed  in  duplicating  the  conditions  it  would  cease  to 
be  a  place  of  learning  and  become  a  factory.  The  purpose  of 
the  university  is  to  instruct;  the  purpose  of  the  factory  is  to 
produce  a  profit,  and  these  purposes  are  distinct  and  not  com- 
plementary. 

The  industrial  chemist  should  have  a  thorough  training  in 
mathematics,  physics,  and  chemistry  as  the  three  fundamental 
branches  of  his  course.  The  training  in  mathematics  should 
include  calculus,  differential  equations,  Fourier's  theorem,  etc. — 
a  course  sufficiently  thorough  and  extensive  so  that  the  student 
can  read  with  understanding  and  appreciation  the  advanced 
works  on  physical  chemistry  which  should  be  included  in  his 
course.  In  addition  to  the  above,  a  course  or  two  in  philosophy 
and  a  language,  preferably  German,  could  be  included  with 
profit.  With  such  a  training  a  student  should  go  into  a  factory 
and  "work  up."  He  would  have  few  things  to  unlearn.  He 
would  approach  industrial  problems  with  a  fresh  mind  and 
insight,  not  distorted  by  a  knowledge  obtained  from  industrial 
courses  which  did  not  correspond  to  actual  conditions. 

Approaching  mdustr>'  with  a  trained  mind,  acquiring  industrial 
knowledge  under  industrial  conditions,  a  student  will  advance 
not  only  with  greater  satisfaction  to  himself  but  with  greater 
profit  to  industry. 
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Report  on  Standardization  of  Sizes  and  Shapes 
of  Apparatus — II 

By  W.  D.  Collins 

coaimhan,  committsb  on  guaranthrd  rsacbnts  and 
Standakd  Appabatus 

{Concluded) 
Gas  Analysis  Apparatus 
ReconunendatioDS  in  regard  to  gas  analysis  apparatus  are 
with  reference  to  a  general  stock.  Several  discontinued  items 
will  be  carried  in  stock  by  one  or  two  manufacturers  or  dealers 
who  have  a  special  demand  for  these  articles  or  special  skill  in 
producing  them. 

(R)      G«»  piptt,  Htmptl,  simple  absorption,  mounted  on  iron  support. 
(R)      Same,  Hcmpel.  simple  absorption,  for  liquid    reagents  only,  mounted 

DO  iron  support. 
(R)      Same,    Hempel,    double    absorption,    for   solid    and    liquid    reagents. 

mounted  on  support. 
(R)      Same,   Hempel  double  absorption,  for  liquid   reagents,   mounted  on 

iron  support. 
(R)      Same,    Hempel,   simple   absorption    for   ethylene,    with   glass    beads, 

mounted  on  support. 
(R)      Same,  Itempcl,  simple  explosion,  with  glass  stopcock  and  platinum 

electrodes,  mounted  on  iron  support. 
(R)      Same,  ilcmpel,  explosion,  with   stopcock,   platinum  electrodes,  scpa- 

ate  leveling  bulb  and  connecting  tube,  mounted  on  iron  support. 
(D)      Same,    Ilcmpel,   explosion,   tall   form   with  electrodes  for  producing 

oxygen  and  hydrogen,  mounted  on  iron  support. 
(O)      Same,  Ilcmpel,  double,  for  preparation  of  pure  hydrogen. 
(R)      Same,  United  Gas  Improvement  Company  form,  double,  for  cuprous 

chloride,  mounted  on  iron  support. 
(R)      Same.     Winkler,     for     the    determination    of    CH«  with     removable 

platinum  spiral,  mounted  on  a  metal  support. 
(R)      Platinum  spiral  only,  mounted  in  a  double  glass  tube. 
(R)      Orsat-.Muencke.    apparatus  for  the  analysis  of  COi  and   O)  especially 

adapted  for  furnace  and  flue  gases. 
(D)      Orsat-I'isher.  apparatus  designed  for  portability. 
(R)      Orsat- Lunge,  apparatus  with  four  pipets  and  bent  paltndium  tube  with 

lamp,  for  separate  estimation  of  hydrogen. 
(R)      Fetlerson-Polmquist.  apparatus  for  determining  small  quantities  of 

COi  in  air. 
(D)      Portable  Orsat,  very  light  form  for  the  determination  of  COi,   CO, 

and  Oi. 
(D)     Same,  with  only  two  absorption  bulbs,  for  COi  and  Oi. 
(D)      Same,  with  four  absorption  bulbs,  for  COi,  CO,  Oi,  and  Hi. 
(D)      Portable  boiler  tester,  for  determining  the  draft  and  perccntaKc  of 

COi  io  flues. 
(D)      Apparatus,  V.  S.  Steel  Corporation. 
(R)      Apparatus,  Williams    Improved,   Model  A,  for  complete  analysis  of 

combustible  gases. 
(R)      Apparatus,   Williams   Improved.   Model  B,  with    three    bubbling    pi- 
pets  for  determining  COi,  CO,  and  (h 
(D)      Chancel,  apparatus  for  determining  the  specific  gravity  of  gases. 
(D)      Gas  apparatus,   Hlliott,  improved  form,    for   sulfur,    as  described    in 

Technologic  Paper  No.  20  of  the  U.  S.  llureau  of  Standards. 
<D)      Gas  apparatus,  Ilinman. Jenkins,  for  sulfur. 
(R>      Cos  apparatus.  Referees,  for  S. 
(I))      RuedorfT  apparatus  for  COi  in  gases. 
(D)      Apparatus  analysis  of  mine  air,  laboratory  form. 
(D)      Apparatus  for  determination  of  CH4  in  mine  air,  portable  form. 
(D)      Apparatus  for  determination  of  COt  and  CH<.  portable  form. 
(D)      Apparatus  for  the  determination  o(  CO,  and  Clli,  laboratory  form. 
(O)      Modified  Or^at  gas  analysis  apparatus,  portable  form,  for  analyzing 

mine  gases  to  an  accuracy  of  0.2  per  cent. 
(Rl       For  the  analysis  of  gas  mixtures  containing  CO,,  C,H4,  O,,  CO,  Hi, 
Cll..  C1H4,   and  Ni.  laboratory  form.   U.  S.  Bur.  Hints,    Bull.  U,  p.  43, 
Fig.  17. 
<n)      For  the  determination  of  hydrogen,  by   means  of  copper  oxide  or 

palladium  astwstos,  laboratory  form.     Bull.  O.  p.  54,  Pig.  18 
(D)      For  analyiing  natural  liu,,  laboratory  form. 

(D)      Gas  analysis  apparatus,  llurrcll.  for  determining  benzene  or  gasoline 
vapor  in  fas  mixtures  by  the  freezing  method. 


(R)      Gas  buret,  Bunte,  with  two  stopcocks,  without  water  jacket. 

(R)      Same,  with  water  jacket  fitted  with  rubber  stoppers. 

(R)      Same,  Hempel  without  stopcocks  on  metal  base.     (D)      On  wooden 

base. 
(R)      Same,    Hempel-Winkler,    with   graduated    buret   provided    with   two 

stopcocks.     (D)     On  wooden  base. 
(R)      Same.  Hempel.  with  compensating  tube. 
(R)      Same.  Hempel-Tutweiler,  with  4-way  stopcock,  compensating  tube, 

etc. 
Gas  collecting  tubes,  of  glass,  long  form,  with  two  glass  stopcocks: 

Sizes,  cc.     125       250       500 
D  R  D 

(D)      Same,  short  form,  of  glass  with  two  stopcocks,  capacity  125  cc. 

(R)      Same.  Illinois  Steel  Company  of  glass  without  stopcocks. 

(R)      Same,  rubber,  double  acting,  for  use  in  filling  tubes  and  bottles. 

(R)      Same,  Winkler,  of  zinc  with   two  brass  stopcocks. 

(R)      Same.  U.  S.  Bureau  of  Mines  form,  of  glass,  with  two  stopcocks. 

(D)      Gas  collector,  Doremus,  for  collecting  gases  from  canned  goods  for 

analysis. 
Gas  generating  bottles,  without  fittings; 

Capacity,  cc.  250       500        1000       2000 


R 


D 


Gas  generating  bottles,  fitted  with  rubber  stopper  funnel  tube  and  delivery 
tube: 
Capacity,  cc.    250       500        1000       2000 


R 


R 


(D)  Gas  generator.  Hinds,  for  HiS  and  other  gases;   intended  for  individual 

(D)  Same,  dropping,  Freas, 

(R)  Balloons,  glass,  very  thin  for  weighing  gases,  capacity  about    250   cc. 

With  one  tube  and  stopcock.      (R)    With  two  tubes  and  stopcock.     (D) 

With  one  or  two  tubes  without  stopcocks 

(R)  Same,  Dumas  type,  capacity  about  200  cc. 

(D)  Gas  measuring  tube,  Kahlenberg. 

(D)  Burner,  Carpenter's  Metropolitan  Argand  No.  2. 

(D)  Edgerton  standard  screen,  for  Argand  burner. 

(D)  Candle   balance. 

(D)  Cubic  foot  bottle,  immersion  form. 

(D)  Same,  cabinet  form. 

(D)  Same,  capacity  '/lO  cu.  ft.  or  '/ii  cu.  ft. 

(D)  G.as  pipet.  Hempel.  modified  by  Morgan. 

(D)  Same,  modified  by  Gill,  for  C:H.. 

(U)  Same.  Gill,  explosion,  of  very  heavy  glass. 

(D)  Same.  Hempel.  for  determining  O3  by  the  exact  method. 

(D)  Gas  apparatus,  Orsat-Muencke,  Pettizilka  modification. 

(D)  Same.  Orsat-Tuttlc. 

(D>  Same,  Elliott,  3-way  stopcock  for  drawing  in  gases;    complete  with 

explosion  buret. 

(R)  Same.  EUiott-Uhlig. 

CD)  Lindemann — Winkler,  apparatus  for  determining  oxygen   in   gaseous 

mixtures. 

(D)  Apparatus  for  testing  oxygen. 

(D)  Winkler,  apparatus  for  small  quantities  of  COi. 

(R)  Haldane.  apparatus  for  analysis  of  mine  gases. 

(R)  Haldane.  portable  apparatus;    for  small  quantities  of  CO,  in  air. 

(D)  Portable  apparatus,  for  accurate  determination  of  CO,  and  CHi  in 

mine  air. 

(D)  Portable  apparatus,   for  exact  determination  of  CO,  and   Oi. 

(D)  For  CO,  only. 

(D)  Gas  apparatus,  Burrell-Oberfell,  laboratory  type,  complete  on  3  stands. 

(D)  Gas  apparatus,  for  CO,  in  alveolar  air  and  blood. 

(D)  Gas  apparatus,  Haldane.  modified  by  Henderson. 

(D)  Same,  RuedorfT.  for  determination  of  CO,  or  moisture. 

(R)  Same.  Tutweiler,  for  determination  of  HiS  in  illuminating  and  other 

gases. 

(D)  Same,  Elliott,  latest  form,  for  determination  of  sulfur. 

(D)  Same,  Graefe.  for  determination  of  sulfur. 

(D)  Same,  E  &  A,  for  determination  of  sulfur  and  halogens  in  oils. 

(D)  Same,  Drehschmidt,  for  sulfur  in  gas. 

(D)  Same,  Reich,  for  SO,  in  lead  chambers. 

(D)  Same.  Cooper-Chollar. 

(D)      Gas  buret.  Winkler,  complete  with  support. 
(1))      Gas  buret.  White,  for  exact  gas  analysis. 
(D)      Harcourt  pentanc  lamp. 
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(D)      Gas  filter  of  s'ass,  with  purified  filter  paper  cup. 

(D)      Gas  filter,  with  ground-in  connection. 

(R)      Gas  distributor  of  brass,  with  connections  for  3  burners  and  one  gas 

pipe;    with  stopcocks.     (D)  Without  stopcocks.        (D)  With  3  stopcocks 

and  center  light. 


Gas  holder, 
Capacity, 


)f  hcavv  : 


■ith  water  gase 


Mohr,  accurately  graduated  i 
Sizes,  cc.  2.'i       50 


To  deliver,  Ostwald,  as  used  in  the  dcterminatic 
ammonia  in  urine  by  the  Folin  method: 
Sizes,  cc.      1       2       3       S       10 


'ith  glass  stopcock: 


of  nitrogen,  urea,  and 


Same,  of  heavy  copper; 
Capacity,  gal.     5       10 
R      R 

(D)      Same,  with  sliding  receiver,  made  of  leaded  i 

Tube,  gas  measuring,  Runsen: 

Capacity,  cc.  25       50       SO       100     200 

Graduated  to  cc.      '/lo       'A      'Ao      'A        '/lo 

D        D        R        R         D 


Same,  with  stopcock: 

Capacity,  cc.              50 

100        100 

Graduated  to  cc.     '/lo 

■A        '/lo 

R 

D          D 

(D)      Tube.  Kemp,  capacity  100  cc.  or 

(D)      Tube,  gas  washing, 

Kjeldahl. 

(D)      Same,  Muencke,  w 

ith  or  without 

(D)      Same,  Vogel. 

Without  bulb,  as  used  i 
Sizes,  cc.      1       S       I 


i  bacteriological  work  and  water  analysis: 


(R)      Wasscrmann  safety,  for  bacteriological  work  and  serological  work. 
Water  analysis,  as  used  in  the  Hygienic  Laboratory  of  the  U.  S.  Publicr 
Health  Service: 
Sizes,  cc.      2       10       II 


R      R 

R 

Siphon,  Struthers: 

Sizes,  cc.      25       50 

Straight,  drawn  to  a  point: 
length,  in.    6       7       8 


i  above  with  rubber  bulb  of  25-cc.  capacity: 


Automatic 
Height. 


Bell  glass  in  heavy  glass  jar,  brass  stopcock : 


Heumann: 

Capacity,  liters  2 


(D)      3abo. 
(D)      Hinds  for  HjS 
Kipp,  small  base: 
Capacity,  cc,  250 


250       500 

1000 

2000 

4000 

D          D 

D 

D 

D 

id  base: 

250       500 

1000 

2000 

4000 

D 


R 


R 


(D)      Munn. 

(R)      For  generating  O2  from  "O.' 
(R)       Parsons. 

Stoneware  for  CI  and  other  gases: 
Capacity,  gal. 


6'A       13 

20 

26 'A      33 

40 

D         D 

D 

D           D 

D 

ound  botto 

<m: 

V.       'A 

'A 

1      I'A 

D      D       R        D         R         D         D 

Ungraduated,  with  bulb: 

Capacity,  cc.     1       2       5       10       25       50       100 

200 

D      D      D       D        D        D          D 

D 

Volumetric,  accurately  graduated: 

Capacity,  cc.  1       2       3       4       S       10       12'A 

15       20 

25 

30 

R      R      D      D      R       R          D 

D        R 

R 

D 

SO       75       100       200 

Volumetric,  short  form,  accurately  graduated: 
Capacity,  cc.     1       2       5       10       20       25 


tely  graduated  in  cc.  and  fractions: 


Capacity,  cc. 
Subdivisions,  ( 


Mohr,  graduated  to  tip, 


.  V.oo 

V.o» 

Vioo 

V.o 

■Ao 

Vio      'Ao     Vioo    'Ao 

V.o 

D 
10 

R 

10 

'Ao 

R 

20 
Vio 

R 

25 
■A. 

D 

SO 

'Ao 

R        D        D        R 

SO        100       100 
'A          'A        Vio 

R 

Capacity,  cc. 

Subdivisions, 


erological: 
Vio  1 
Vioo      Vioo 


Gasoline  gas,  cylindrical: 
Sizes :    Small         Large 


Gasoline  gas,  rectangular: 
Capacity  about     Vi  gal. 


Graduated  capacity,  cc. 


50         100 
Vio       Vio 

10 
Vio 

10 
V20 

D            D 

rith  stand: 
y,  cc.     10 

25 

R 

50 

D 

100 

Pipets 

(D)      Automatic,  dropping,  with  rubber  bulb,  for  delivering  exactly  1  cc. 
Automatic,  overflow,    with  patent    3-way   stopcock;'  reservoir  for  collect- 
ing the  excess;    ground  connections: 
Sizes,  cc.  10       25       50        100 


D 


D 


(D)      Same,  with  capacity  of  17,6  cc.  for  milk  testing. 
Same,   with  rubber  connections; 
Sizes,  cc.  10       25       50       100 


Calibrating,  Ostwald's;  capacity  2  ( 
Sizes,  cc.  1        2        5 


D      R      R 

(R)      Capillary,  for  preparing  milk  smears  on  microscope  slides  for  counting 

the  bacteria  present.     Graduated  at  Vioo  cc. 
(R)      Dropping,  medicine  droppers,  with  rubber  bulb,  length  4  in.     Tip 

straight  or  curved. 
(D)      Mercurj',  for  handling  small  drops  of  mercury. 


Automatic,  Bleckman,  - 
Capacity,  cc.   5       10 


t  stand  and  spring  clamp: 


Automatic,  G  &  F: 
Capacity,  cc.        1 


D         D  D  D 

(D)      Automatic,  LeDocte. 

(D)      Donnan,  to  show  emulsifying  power  of  a  liquid. 
(R)       Mercury,  for  taking  up  mercury  without  danger. 
(D)      Overflow,  Rickett,  for  silver  assay. 
(D)      Rothe. 
Safety,  for  acids  and  poisonous  liquids: 

Capacity,  cc,     2        5        10        25        50        100 
D      D       D         D         D  D 

Bottle,  with  a  capped  pipet  ground  into  neck;    for  volatile  liquids: 
With  pipet,  cc.    10       25       50       100 
D        D        D         D 
(R)      Glucose,  Spencer,  capacity  50  cc,  graduated,  5*'-20°  Brix,  in 
Sucrose,  capacity  52,096  cc,  graduated  5*'-25°  Brix,  in  Vio°. 


740 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  8 


Rubber  Tubing 
Recommendations  in  regard  to  rubber  tubing  are  made  with 
reference  to  color  in  the  understanding  that  mere  color  is  of  no 
significance  as  to  quality.  It  seems  to  be  agreed  that  only  two 
grades  of  tubing  arc  needed,  a  "compound"  tubing  and  a  so- 
called  "pure  gum  "  These  differ  in  rubber  content  and  in  fle.xi- 
bility.  The  "pure  gum"  usually  contains  more  rubber  than  the 
"compound"  and  is  more  fle.\ible.  The  "pure  gum"  has  gen- 
erally been  black,  although  some  red  tubing  has  been  of  this 
grade.  "Compound"  tubing  has  been  white,  red,  gray,  or  black. 
Several  large  dealers  have  discontinued  the  red  tubing  without 
experiencing  difficulty  in  satisfying  the  needs  of  their  customers. 
The  Committee  has  left  out  the  red,  has  taken  white  to  represent 
compound  tubing  and  black  for  pure  gum,  and  has  recommended 
sizes  that  are  now  in  use. 


nd  tubing  attachment: 


White,  liichi  wall: 
Inside  diam.,  in 
Wall  thickness, 


•A.      •/•       'A 

■/■.    Vu    v.. 


•A 


Brass,  with  male  or  female  £ 

Bore,  in.      Vi      'A 

R        R 

Brass,  with  male  or  female  screw  at  both  ends: 

Bore,  in.       ■/.      'A 

R        R 

Brass,  with  male  and  female  screw: 

Bore,  in.       'A V. 

R        R 
(D)      Brass,  for  gas,  male  and  female  screw,  and  tubing  attachment. 
Brass,  for  gas,  with  quadrant  and  pointer  to  regulate  the  gas  supply: 

Bore,  in.      '/, V. 

D        D 
(D)      Hard  rubber,  each  end  for  rubber  connection. 
Nipples,  of  brass,  with  male  or  female  thread: 

Bore,  in.       'A |A 

R         R 
Glass,  for  attaching  to  buret: 
Bore,  mm.     2 


R 
White,  heavy  wall: 
Iniidc  diam..  in.      >/• 
WaU  thickneu,  in.  Vn 

R 

R 

'A 
V. 

R 

•Ac 

R 

R         D 

•/•      "A 
V.      ■/. 

D 

•/. 
Va 

D 
V. 

'/. 

1 
V. 

Geissler: 

Bore  of  stopper, 

(R)      With  capillar 

R           R          R 
Light  wall,  black,  pure  unvulcanized  ; 
Iniide  diam.,  in.      '/•    •/»     Vi« 
Wall  thickness,  in.  >/a              Vu 

R 

gum: 

'A 

•A. 

v.. 

R        R 

•/.     -A 
'As     V» 

R 

•A 

R 

■A 

R 

1 

mm.  bore. 
Geissler,  bent,  for  i 
Bore  of  stopper. 

R      R      R      R      R      R 


With  capillary  tube  6  to  7  mm.  for  gas  analysis  connections,  etc.,  1V» 


Heavy  wall,  black,  pure  i 
Inside  diam.,  in.  >/■ 
Wall  thickness,  in.    Vu 


Inside  diam.,  in. 


nvulcanized  gum: 
Vb     Vi.     V.      Vi. 
>/n     V»      Vn 


Light  wall,  red: 
Inside  diam.. 


Heavy  wall,  red: 
Inside  diam.,  L 


R       D      R        R 

R 

R 

R        R        R 

R 

less  expensive  quality: 
V.         V»       Vi. 

V. 

Vi. 

'/,        '/> 

D          D          D 

D 

D 

D          D 

Vs     Vb    v..      V. 

v.. 

Vi 

V.      V.      1 

>/> 

D        O         D         D 

O 

D 

D          D       D 

D 

■/.           Vb           Vu 

'A 

v..           Vs 

Vi 

With  oblique  bored  stopper: 

Bore  of  stopper,  mm.     2 4 

R      R 

(R)      With  oblique  bored  stopper, 

Three-way: 

Bore  of  stopper,  mm.     1        2 


Tith  capillary  tube,  1 '/j 


(R)      Three-way,  with  capillary  tube,  V/i  mm.  bore. 
Three-way,  with  downward  inlet,  with  plug  bored  at  angle: 

Bore  of  stopper,  mm.     2 4^ 

R      R 
(R)      Same,  with  capillary  tube,  V/i  mm.  bore. 
Geissler,  three-way: 

Bore  of  stopper,  mm.     12       4 


Hcftvy  wall,  red.  a  less  expensive  quality: 
Inside  diam..  in.      V*         Vn         Vn 


For  Gooch  crucibles,  black,  pure  Rum,  very  thin  ' 
Width.  In.    I         PA \'/t         PA 


(R)      Same,  with  capillary  tube,  I'A 
With  downward  inlet: 

Bore  of  stopper,  mm.      12       4 

D      R      R 

(R)      Same,  with  capillary  tube,  V/t 


With  downward  in 
Bore  of  stopper. 


fith  rubber  connection  below  stopper 


Pressure,  extra  heavy,  black,  for  i 
Iniide  diam.,  in.      '/•  Vi< 

Wall  thickness,  in.  Vn  Vi« 


um 

pump  cc 

>nnection9: 

Vi 

Vi. 

Vi 

'A 

Vii 

v.. 

V 

V. 

Pressure,  with  canvas  insertion,  for  vacuum  connections: 
InMdediaro.ln.        Vi        Vi«         V4        Vu         Vi         Vi 

Wall   thirLnr*,     in  Vu  Vll 


Stopcocks 

Brass,  for  ga-^,  nirkrl  plitted,  with  long  taper  hose  end  for  'A-in.  t 
rubber  tubinx;    male  or  female  thread  for  attachini;  tn  i-:i-.  {.ip*- 

Inside  diameter  of  gas  pipe,  io.  V4      Vi       V« 

SIxc  of  X.  P.  thread.  In.  Vi      Vi       Vi 

"d       R       D~ 
(R)      HraM,  for  hos.  siniilr,  nid^clplatcd.     Nipple  2Vt  in.  long. 

from  Vi  in   flHmrtrr  af  ttir  vnlvr  tn  '/» In.  diameter  at  the  end. 
fR)      T:  -[.cocks,  with  flanKC. 

(R)      '  "pcocks,  with  niinKC. 

(R)       1  liing  rubber  tubing,  I 

a  Vnti    X  .'  .1  Ml     l.r».*  t.il..    [..I   n.>/,-l^  nf  cos  bag. 
Brass,  both  ends  for  tubing  connrctiuns: 

Bore,  In.       Vi      'A 


Four- way: 

Bore  of  stopper,  mm. 
Heavy  glass,  with    bib: 
Bore  of  stopper,  mm. 

Stoneware : 

Bore  of  stopper,  in. 

Stoneware,  with  two  mt 
Bore  of  stopper,  in. 


D      D      D      D 


Vs 

Vi 

V. 

1 

iVi 

1  V. 

D 

D 

D 

D 

u 

D 

Ic  threads: 
V.       V. 

V. 

1 

IV. 

iVi. 

tone  ware,  with  one  male  thread  and  bulb: 
Bore  of  stopper,  in.        Vt       Vi       V< 


2V. 


rlass.  two-way,  with  mercury  seal,  and  plug  bored  at  an  t 
Bore  of  stopper,  mm.       2       4 


(R)      Glass,  Frescnius  form,  for  buret  tips.     With  inlet  tube  bore,  5  1 
outlet  bore,  2  mm. 
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Special  Bottles 

Volatile  liquid,  glass  stoppered  with  ground-oa  glass  cap: 
250  cc.  600  cc. 

R  R 

(R)      Balsam,  wide  mouth,  with  glass  rod  and  glass  cap  ground  to  fit  against 

shoulder  of  bottle,  45  cc. 
(R)      Immersion,   oil,    with    nickel-plated    cap   and    device   for   regulating 

amount  of  oil  on  plunger 
(D)      Immersion,  oil,  with  wooden  stopper  and  wire  dropper. 
(D)      Specifjc  gravity.  Weld. 
Aspirator,  of  heavy  glass,  with  large  tubulature  at  bottom  for  stopper: 

Liters:      ■/•      'A       'A       1       -       4       S      12       20      32 


D 


R      R      R      R 


R       D 


Aspirator,  of  heavy  glass,  with  stopper  and  glass  stopcock  ground 
Liters:      'A      'A         1        2       4       8     12       20       32 


Aspirator,  heavy  glass,  wit 
Liter:         •/.       V.       Vi 


R      R      R      R        R         D 

narrow  outlet  for  connecting  rubber  tubing: 


Balsam,  with  glass  rod,  glass  cap  ground  to  fit  outside  of  neck: 
Cc.    30       60 


Ceresin  wax,  for  hydrofluoric  acid: 

Cc.    30        150       250       500 
D  D  D  D 

(R)      Dropping,  square,  with  rubber  pipet  stopper,  30  cc. 
Dropping,  with  ground-in  pipet,  and  rubber  nipple: 

Cc.     15       30       60 


Dropping,  with  ball  top  pipet  ground  in: 
Cc.    15       30       60 


Dropping,  low  form,  with  ball  top  pipet  ground  in: 
Cc.    30       60 


Dropping,  with  thistle  top  pipet  ground  i 
Cc.    .30       60 


Acid  dropping,  tall  form,  with  long  ground-in  stopper  and  ground  cap: 
Cc.    30       60 


Gas  washing,  Drechsel,  low  form,  with  ground-i 
Cc.   125       2.50       350       600       1000 


Gas  washing,  Drechsel,  tall  form,  with  ground-in  s 
Cc.    125       250       3.50       SOO       1000 
R         R  D  R        D 

(R)      Gas  washing,  Friedrich. 

Gas  washing,  improved,  for  either  solids  or  liquids 
Cc.    250       ,500       1000 


D 


D 


(D)      Gas  washing,  Habcrmann. 

(D)      Gas  washing,  Muencke. 

(D)      Gas  washing,  Raibow. 

Lead,  for  hydrofluoric  acid,  stoppered: 


Oz.    4 


16 


32 


D      D      D 


D 


(D)      Oil  immersion,  with  glass  rod  and  ground  cap;    20  cc. 

(R)      Oil  immersion,  Mach,  improved  form^with  loose  fitting  metal  cap  and 

dropper;    30  cc. 
Oil  sample,  long  form: 

Oz.     12       4       8 
D      R      R      R 
(R)      Same,  with  polished  bottom;    4  oz. 
Pressure,  pear  shaped,  round  bottom, 

Cc.    60       100       200 


■ith  patent  stopper: 


D 


D 


(D)      Pressure,   E  &  A  same   shape 
glass  stopper  to  tie  over;    250  cc. 

(D)      Pressure,  Saloman;    125  cc. 

Pressure,  Lintner: 
Cc.    125       250 


above    but  hea 


R  D 

Bottle,  specific  gravity,  unadjusted,  with  perforated  stopper: 
Cc.    1       2       5       10       25       50       100 


D 

D 

R 

R 

R 

R 

D 

Same,  accurately  adjusted 
Cc.    1       2       5       10 

25 

50 

100 

Same, 
Cc. 


nth  tare  weight: 
100 


Specific  gra\nty,  boot,  Morgan  modification,  double  wall  with  vacuum: 
Cc.    10       25       50       100 


Same,  low  form: 
Cc.    30       60 


Bottle,  dropping,  "TK"  with  grooved  flat  stopper  white  glass: 
Cc.     15       30       50       100       200 


Same,  amber  glass: 

Cc.    15       30       50     100 


Dropping  with  grooved  high  stopper: 
Cc.    15       30       50       100 


Dropping,  Shuster  with  glass  stopper: 

Cc.    30 60 

R        D 
Same,  without  stopper: 

Cc.    30 60 

R        D 
(D)      Dropping,  Salleron.  30  cc. 

Gas  washing,  Allihn,  double  action  with  ground-in  stopper: 
Cc.    250       500       1000       2000 
R  R  R  D 

Gas  washing,  Allihn,  with  valve  to  prevent  liquid  flowing  back: 
Cc.    250       500       1000 


Specific  gravity,    with    ground-i 
and  stoppered  capillary  tube: 
Cc.  10       25       50       100 
D        R        R  R 

Specific  gravity,  Squibb,  for  liquids 
Cc.  25       50       100 


centigrade  thermometer,  divided 


D 


D 


D 


(R)      Specific  gravity,  Walker,  for  very  fluid  liquids. 
(R)      Specific  gravity.  Walker,  for  very  ^-iscous  liquids. 
(D)      Weighing,  HiU.  about  30  cc. 
Specific  gravity,  Regnault,  for  liquids: 
Cc.  25       50 
D       D 
Specific  gravity,  with  stopper,  ground  to  fit: 


D       D 
(R)      Specific  gravity,  Sprengel,  with  ground-in  suction  tube. 
(D)      Specific  gravity,   Sprengel,  with  thermometer  and  ground-in  suction 

tube. 
(R)      Specific  gravity,  Nicholl  tube,  for  liquids. 

Specific  gravity,  according  to  Hulett,  similar  to  a  Sprengel  bottle,  but  made 
so  as  to  stand  on  the  balance: 


25 


50 


Specific  gravity,  Regnaixlt,  for  solids: 


Gas  washing,  Sillin 
Cc.    250       500 


,  fitted  with  rubbe 


Gas  washing,  Cloez: 
Cc.    125       250       500 


(R)      Specific  gravity,  Hogarth,  for  iron  ores, 
(R)      Specific  gravity,  Hubbard,  for  semisolid  bitu 
(R)      Specific  gravity,  Hubbard,  modified,  for  semisolid  bitumens. 
(D)      Specific  gravity,  Thoemer  volumeter,  for  solids,  especially  coke  and 
charcoal,  etc. 


742 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  S 


Miiinx,  glau  stoppered,  graduated  in  cc.: 
Cc.    250       SOO       lOOO 


D 


D 


(D)      Mariotte,  stoneware.     Capacity  50  liters. 

(R)      Water,  stoneware.  rectanKular.  with  stoneware  bib  stopcock  ground  ir 

the  outlet.      Capacity  100  liters. 
WashinK,  ring  neck  fla.sk,  fitted  with  rubber  stopper  and  movable  exit  tube: 

Ce.    2.W       3110       .VX)       750       1000       2000 


Same,  6tted  with  handle: 

Cc.    250       300       500       750       lOlX)       2000 


Pittsburgh  Meeting,  A.  C.  S. 

Arrangements  for  the  September  Meeting  of  the  SociETy  are 
nearly  complete  and  the  preliminary  program  has  already  been 
mailed  to  the  members.  The  final  program  will  be  sent  about 
August  28  to  the  Secretaries  of  Local  Sections,  to  the  Council, 
to  members  of  the  Pittsburgh  Section,  and  to  all  other  members 
making  special  request  therefor. 

General  Program 


With  wicker  covered  neck,  for  hot  water;   including  rubber  stopper  and  glass 
lubes: 
Cc.    500       1000 
R  R 

Waahing.  CriOin,  continuous  flow: 
Cc.    250       360       .MO       750       1000 
D  D  D  D  D 

(D)      The  tube  only  tor  above. 
Washing,  with  safety  mouthpiece: 
Cc.    250       .WO       1000 


D 


D 


(D)      Washing,  with  rubber  bulb,  with  air  valve. 
Washing,  with  tubulated  glass  stopper,  ground  into  the  neck: 
Cc.    2.V)       .VX)        1000 
R  R  R 

Washing,  with  tubulated  glass  stopper,  ground  in,  and  tubes  each  fitted  H-ith 
glau  stopcock: 
Cc.    a.-iO       500       1000 
ROD 
Woulff,  heavy  glass  with  2  necks: 

Cc.    125       250       SOO       750       1000       2000       4000       8000 


R    R 

R 

D 

R 

R 

R 

R 

Same,  with  3  necks: 

Cc.  125   250 

500 

750 

1000 

2000 

4000 

8000 

Wouin.  with  2  necks  and  outlet  at  bottom: 

Cc.  2.W       .WO        1000       2000       4000       8000 


R    R 

R 

R 

R 

D 

Same,  with  3  necks: 

Cc.  2.VI   SOO 

1000 

2000 

4000 

80OO 

WoullT.  with  3  I 

other  necks 

Cc. 


stoppered,  delivery  tubes  ground   into  the 


2.'iO       500        1000 


IJ  D  I)  D 

(R)  Weighing.'  Cylindrical  form,  ground  glass  stoppers  without  neck: 
Height,  mm.  50  80  40  SO  SO  60  80  30  30  30 
Diameter,  mm.  IS        IS        2S        25        40        30        40        .SO        AO        70 


K        R         R        R 


R        R 


R 


'  Revblon  of  list  published  in  Tins  Journal,  18  (1921),  1073-4. 


Calendar  of  Meetings 

Ameriuui     Ceramic     Society — Summer     K.\cursion     Meeting, 

Rochcslor,    Montreal,  Ottawa,  Kingston,  Toronto,  Hamilton, 

Niagnni  Tails,  and  Buffalo.  August  13  to  19,   1922. 
American    Pharmaceutical  Association — 70th  Annual  Meeting, 

CIcvtlaiKl,  Ohio,  .Xugust  14  to  20,  1922 
Annual  Safety  Congress  of  the  National  Safety  Council— Detroit, 

Mich  .  .Aiigiist  2S  t4)  S<ip|iiiilier  2,  1922 
American    Chemical    Society    tVlth    Meeting,    Pittsburgh,  Pa., 

Srplrnibtr  I   tu  \<.   1'.IL'2 
Eighth  National  Exposition  of  Chemical  Industries — New  York, 

N    Y.  S-i'ii-mlx-r  II  to  lt>.  1922. 
American    Electrochemical    Society — 42ncl  Meeting,  Montreal, 

Canada,  September  L'l   to  2.'!,  1922 
American    Society   for   Steel    Treating— Convention.    Detroit, 

Mich..  Octolicr  2  to  7,  1922. 


Penn  Hotel, 
and  wives. 


Monday,  September  4 

1:30  P.M. — Registration  of  Councilors  and  wives 

Penn  Hotel. 
2:30  p.  M.— Council  Meeting,  at  Blue  Room,  Willi 
6:30  P.M. — Dinner  at   Duquesne  Club  for  councili 
8:15  P.  M. — Theater  Party  for  Councilors'  wives. 
8:15  p.  M. — Council  Meeting  continued  or  theater  party, 

Tuesday,  September  S 


9:00  A.  M. — Registration  and  reception  of  members  and  guests  at  Carnegie 

Music  Hall. 
10:30  A.  M. — General  Meeting.  Carnegie  Music  Hall. 
Address  of  Welcome. 

Response,  Edgar  F.  Smith.  President  of  the  American  Chemi- 
cal Society. 
General  Addresses,  including  the  following: 

1.  J.   H.   James.     "Pittsburgh  as  an  Industrial  Center:  His- 

torical and  Industrial." 

2.  W.    F.    Rittman.     "Pittsburgh    as    an    Industrial    Center: 

Finance   and   Transportation." 
(Complete  list  on  6nal  program.) 
2:00  p.  M. — General   Meeting.     Carnegie    Music    Hall.     Special   addresses, 
will  be  given,  of  which  the  following  are  part: 

1.  Thos.    Midgley,    Jr.,    and    T.    A.    Boyd.     "The    Chemical 

Control  of  Gaseous  Detonation  with  Particular  Refer- 
ence to  the  Internal  Combustion  Engine."  (Illustrated 
by  experiments  and  slides.)  Discussion  later  by  Indus- 
trial Division. 

2.  E.   J.    Crane.     "The   Journal  Literature  of  Chemistry." 

3.  Wilder    D      Bancroft.     "Structural    Colors    in    Feathers." 
2:00  p.m. — Ladies'   trip   to   Country   Club. 

8:15  p.  M. — Smoker    at    Syria    Mosque.     Special    Features. 
8:15  p.  u. — Drama  School   Play   for  ladies,   Carnegie   Institute   of  Tech- 
nology. 

Wednesday,  September  6 


9:30  A.  M. — Divisional    and    Sectional    Meetings.     Carnegie    Institute  of 

Technology. 
10:00  A.  H. — The  ladies  will  visit  the  Heinz  factory  and  lunch  there. 
2:00  P.  M. — Divisional    and    Sectional    Meetings.       Carnegie    Institute   ot 

Technology. 
4:00  P.  u. — There  will  be  a  musicale  for  the  ladies  at  the  Twentieth   Cen- 

tury   Club. 
8:15  p.  M. — Public     Meeting,    Carnegie    Music    Hall.     Reception. 

Thursday,  September  7 

9:30  A.  M.-2:00  p.  M. — Divisional  and  Sectional  Meetings.  Carnegie- 
Institute   of   Technology. 

5:00  P.  u. — Garden  parly,  supper,  and  social  evening  with  music  and  danc- 
ing at  the  University  of  Pittsburgh  Faculty  Club  (Oak 
Manor),  Fifth  Avenue  and  Atwood  Street. 

Friday,  September  8 


.  to  industrial  plants. 
Sports:  Golf,  tennis,  baseball  (amateur  or  professional). 

Saturday,  .SKrTEMnER  9 

Informal  inspections,    etc. 

Industrial  Excursions 

In  the  belief  that  the  opportunity  afforded  to  visit  industrial 
plants  constitutes  one  of  the  attractions  at  every  meeting  of  the 
Society  the  following  information  is  given  regarding  the  Pitts- 
burgh excursions.  The  final  program  of  excursions,  however, 
has  not  been  completed. 
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On  Friday,  Scptcinber  8,  there  will  be  an  all-day  excursion  to 
plants  of  the  American  Steel  and  Wire  Company  at  Donora,  Pa., 
and  of  the  American  Window  Glass  Comi)any  at  Monongahela 
City,  Pa.,  where  the  following  processes  will  be  seen:  zinc  ore 
roasting;  sulfuric  acid  manufacture  (chamber  process);  zinc 
distillation;  iron  blast  furnace  practice;  open-hearth  steel  manu- 
facture; rolling  steel  into  wire  rods;  annealing;  pickling;  wire 
drawing;  galvanizing  (zinc  coating);  recovery  of  ferrous  sulfate 
from  waste  pickling  liquors;  window  glass  manufacture  in  tank 
furnaces  and  blowing  of  60-ft.  cylinders  by  the  window  glass 
machine  process. 

A  special  train  will  be  provided  for  the  trip,  and  in  case  500  or 
more  decide  to  go  the  cost  of  the  trip,  including  the  box  lunch, 
will  approximate  $2.50.  All  desiring  to  take  this  trip  should 
promptly  advise  Mr.  L.  H.  Miller,  Carnegie  Institute  of  Tech- 
nology, Pittsburgh,  Pa.,  so  that  he  may  make  adequate  arrange- 
ments. 

Mr.  A.  V.  Bleininger  will  make  arrangements  for  excursions  to 
the  ceramic  plants  in  the  neighborhood  of  East  Liverpool,  Ohio, 
and  Newell,  W.  Va. 

In  addition  to  the  steel  works,  plants  of  the  following  types  will 
be  open  for  inspection  in  the  Pittsburgh  district:  plate  glass; 
electrical  machinery  and  appliances;  coal  mining  and  coke  manu- 
facturing; coke  by-products;  petroleum  production  and  refining; 
heavy  chemicals;  cork  products;  water  purification;  and  food 
manufacture  and  preservation. 

The  manufacture  of  steel  pipe  from  the  ore  to  the  finished  prod- 
uct will  be  shown  by  a  moving  picture  film.  Pittsburgh  is  to  have 
a  museum  of  industrial  products  and  processes  and  some  of  the 
initial  exhibits  will  be  shown  at  the  time  of  the  convention. 

In  order  that  suitable  arrangements  may  be  made,  members 
are  advised  to  inform  Mr.  Earl  Blough,  through  Mr.  L.  H.  Miller, 
of  the  industries  in  which  they  are  especially  interested  and  the 
best  time  for  them  to  make  their  visits  to  the  plants. 

It  is  regretted  that,  as  a  result  of  past  experience,  certain 
manufacturers  feel  that  they  cannot  admit  visitors,  and  in  order 
that  there  may  be  no  disappointment  later  we  announce  now  that 
the  aluminium  and  radium  plants,  as  well  as  the  research  labora- 
tory of  the  Westinghouse  Electric  and  Manufacturing  Co.,  will 
not  be  open  to  visiting  chemists. 

CHAniMEN   OF   Local   Committees 

Honorary  Chairman:  Richard   B.    Mellon. 

Executive:  James  O.  Handy. 

Holds  and  Dormitories:  J.   H.  James. 

Program:  A.  C.  Fieldner. 

Finance:  E.   R.   Weidlein. 

Reception:  R.    E.   Zimmerman. 

Printing  and  Publicity:  H.  H.  Craver. 

Entertainment:  C.  G.  Fisher. 

Excursions:  Earl    Blough. 

Ladies  Executive:  Mrs.  James  O.  Handy. 


National  Lime  Association 

The  Armual  Convention  of  the  National  Lime  Association 
held  at  Cleveland,  Ohio,  June  13  to  16,  1922,  was  devoted  almost 
exclusively  to  the  use  of  lime  in  the  chemical  industries.  Since 
1907  there  has  been  a  rapid  and  steady  growth  of  the  lime 
tonnage  used  by  the  chemical  industries,  until  to-day  they 
consume  most  of  the  lime  produced.  A  special  feature  of  the 
convention  was  a  symposium  on  the  technical  and  chemical 
uses  of  lime. 

Mr.  P.  A.  Paulson,  of  the  Kimberly-Clarke  Paper  Co.,  dis- 
cussed the  milk-of-lime  process  for  making  bisulfite  pulp,  point- 
ing out  the  many  advantages  in  the  way  of  quality  of  product 
and  economy  of  operation  for  this  process. 

Mr.  R.  P.  Shiveley,  of  the  Monongah  Glass  Co.,  described  the 
use  of  burnt  lime  instead  of  limestone  in  glass  manufacture. 


Mr.  G.  K.  Spence,  Chief  Chemist,  New  York  &  Pennsylvania 
Paper  Co.,  presented  a  paper  on  the  use  of  lime  in  making  soda 
and  sulfate  pulp,  and  emphasized  the  proposals  for  more  effec- 
tive cooperation  between  the  lime  industry  and  the  paper  in- 
dustry. 

The  subject  of  centralized  water-softening  plants  was  pre- 
sented by  S.  C.  Hadden,  Editor  of  Municipal  and  County  Engi- 
neering. He  pointed  out  that  a  demand  for  soft  water  is  slowly 
but  surely  developing  all  over  the  country  and  that  centralized 
water-softening  plants  are  the  logical  solution  of  this  problem. 
He  further  stated  that  there  was  a  potential  lime  tonnage  of 
about  1,000,000  a  year  for  this  use  alone. 

The  possibilities  of  lime  in  the  textile  industry,  particularly 
in  connection  with  the  boiling  and  bleaching  of  cotton  goods, 
were  set  forth  by  Prof.  Elton  R.  Darling,  of  the  James  Millikin 
University.  He  also  mentioned  the  probability  of  lime  being 
satisfactory  for  scouring  wool. 

Prof.  F.  C.  Mathers,  of  Indiana  University,  gave  some  inter- 
esting demonstrations  on  the  settling  of  lime  and  highly  reactive 
quicklime.  It  is  now  possible  to  set  out  the  lime  sludge  more 
rapidly  than  formerly,  a  matter  of  considerable  importance  in 
bleach  and  pulp  manufacture.  The  highly  reactive  quicklime 
has  many  uses,  the  dehydration  of  alcohol  and  organic  liquids 
being  important.  With  this  reactive  quicklime,  alcohol  purer 
than  the  standard  grade  of  absolute  alcohol  can  be  made  by 
one-half  hour's  treatment,  instead  of  the  usual  2-1  hrs. 

M.  E.  Holmes,  Manager  of  the  Chemical  Department  of  the 
Association,  reported  on  the  activities  of  that  department. 
The  most  important  activity  of  the  department  is  the  research 
and  investigational  work;  a  comprehensive  series  of  experi- 
ments is  being  carried  out  on  the  fundamental  properties  of 
quicklime,  agricultural,  and  dehydrating  lime.  In  addition  to 
this  research  work,  the  department  has  two  fellowships,  one 
at  Ohio  State  University,  where  typical  limestones  are  being 
turned  out  under  various  conditions  of  temperature  and  pressure 
and  the  properties  of  the  resulting  lime  determined;  and  the 
other  at  Indiana  University  for  work  on  more  specific  uses  of 
lime.  The  other  important  activity  of  the  Chemical  Depart- 
ment is  its  publicity  work;  during  the  coming  year  a  bi-monthly 
publication  to  be  known  as  the  Lime  Digest  will  probably  be 
issued.  A  textbook  on  lime  is  also  being  prepared  in  coopera- 
tion with  other  experts. 

The  construction  use  of  lime  was  described  in  papers  by  W. 
E.  Emley,  of  the  Bureau  of  Standards,  and  H.  C.  Berr>',  of  the 
University  of  Pennsylvania.  Mr.  Emley's  report  dealt  largely 
with  the  effect  of  lime  on  the  workability  and  strength  of  con- 
crete. 

The  agricultural  feature  of  the  program  was  a  paper  by  Prof. 
W.  C.  O'Kane  on  lime  in  crop  protection,  showing  especially 
the  recent  development  in  the  use  of  lime  for  curing  com  root 
rot.  There  is  a  potential  demand  for  many  extra  tons  of  lime 
for  this  purpose  alone. 

Papers  bearing  on  lime  production  were  presented  by  Nathan 
C.  Rockwood,  of  the  Rock  Products  Co.,  and  Irving  Warner, 
of  the  Chas.  Warner  Co.  Mr.  Rockwood  described  the  new 
plant  of  the  Rockland  &  Rockport  Corporation  at  Rockland, 
Me.,  which,  on  account  of  its  being  a  marked  step  in  advance  of 
other  lime  plants,  has  been  watched  with  great  interest.  Mr. 
Warner  spoke  from  the  engineering  point  of  view  about  the  burn- 
ing of  lime  in  rotary  kilns  and  particularly  the  draft  fuel  in- 
clination of  the  kiln,  rate  of  discharge,  etc. 

The  value  of  research  to  an  industrial  trade  association  was 
the  subject  of  an  excellent  paper  by  E.  R.  Weidlein,  Director 
of  Mellon  Institute;  and  Mr.  O.  B.  Towne,  Secetar>'  of  the 
Wax  Paper  Manufacturing  Association  presented  the  many 
legitimate  phases  of  association  activity  and  predicted  an 
optimistic  v-iew  for  the  future  operation  of  this  organization. 
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Fourteenth   Semiannual   Meeting  of   the 

American  Institute  of  Chemical 

Engineers 

In  attendance,  program,  and  interest  this  meeting,  held  at 
Niagara  Falls,  Canada,  June  19  to  21,  1922,  showed  a  great 
contrast  to  the  second  semiannual  meeting  of  the  American 
Institute  of  Chemical  Knginccrs,  held  twelve  years  ago  in  the 
same  room  at  the  Hotel  Clifton.  At  that  time  the  member- 
ship list  contained  only  118  names  while  at  this  meeting  the 
secretary  reported  a  membership  of  550,  a  net  increase  of  22 
since  the  last  meeting. 

The  Council  reported  an  amendment  to  the  Constitution 
providing  for  the  organization  of  local  sections,  one  of  which  has 
already  been  organized  at  Detroit,  Mich. 

President  Henry  Howard  in  an  address  at  the  opening  session 
reported  the  following  important  activities  since  the  last  meet- 
ing: As  a  basis  for  cooperation  with  the  newly  organized  Insti- 
tution of  Chemical  Knginccrs  of  London,  England,  exchange 
of  Transactions  at  cost,  and  the  privilege  of  attending  the  meet- 
ings of  each  Society  by  members  of  the  other  Society;  coopera- 
tion with  Senator  Stanley  in  drafting  a  working  clause  for  the 
patent  law  by  which  a  patentee  who  works  his  patent  in  a  for- 
eign country  and  docs  not  manufacture  in  the  United  States 
must  if  requested  give  a  license  to  an  American  company,  the 
compciLution  to  be  determined  at  the  direction  of  a  United  States 
District  Court ;  to  secure  the  establishment  of  American  valuation 
in  the  tariff  bill,  anil  support  to  the  Chemical  Warfare  Service. 

The  order  of  procedure  had  been  changed  for  this  meeting  so 
that  the  entire  morning  of  the  first  day  was  devoted  to  reading 
and  discussion  of  papers.  More  than  1(X)  were  present  at  this 
session  and  this  attendance  was  increased  at  subsequent  ses- 
sions. The  necessary  business  session  was  held  on  the  steamer 
on  l^lce  OnUrio  during  the  trip  to  Toronto  on  Tuesday,  a  very 
satisfactcjry  arrangement. 

Wednesday  and  Thursday  mornings  were  devoted  to  the 
reading  of  papers.  The  entire  program  of  papers  consisted  of 
a  symposium  on  acid  manufacture. 

Sulfuric  acid  was  first  considered,  the  first  paper  being  "Ther- 
mal Considerations  in  Sulfuric  Acid  Concentration,"  by  F.  C. 
Zcislx-rg.  The  .luthor  illustrated  by  curves  the  thermal  prop- 
erties of  all  concentrations  nf  sulfuric  acid,  showing  that  the  heat 
necessary  to  concentrate  the  acid  from  one  strength  to  another 
could  readily  be  obtained 

Peter  S.  Gilchrist,  in  n  paper  entitled  "Modem  Methods  of 
Concentrating  Sulfuric  Acid,"  described  particularly   a    newly 


(levtloped  apparatus  of  the  submerged  hot  air  type  and  its 
application  to  the  concentration  of  sludge  acid  from  oil  refining. 

Dr.  Ludwig  A.  Thicle  presented  a  paper,  with  illustrations, 
on  "Increased  Capacity  of  Cascade  Systems."  This  increased 
capacity  was  effected  by  means  of  a  special  corrugated  bot- 
tom cascade  basin  giving  increase  in  the  effective  heating 
surface. 

L.  J  Michael  and  James  R.  Withrow  presented  the  results 
of  a  study  of  quartz  tower  packing  in  the  glover  tower.  A  study 
of  a  case  of  settling  of  18  in.  to  2  ft.  had  been  made,  with  the 
result  that  it  was  shouTi  that  solubility  of  the  quartz  had  not 
taken  place  but  that  the  settling  had  been  due  to  intermittent 
heating  and  cooling  of  the  tower  resulting  in  repacking  of  the 
quartz. 

The  most  important  paper  on  sulfuric  acid  manufacture  was 
that  by  Dr.  P.  J.  O'Gara  on  "Sulfur  Dio.xide  and  Fume  Prob- 
lems and  Their  Solutions."  As  head  of  the  research  depart- 
ment of  the  American  Smelting  &  Refining  Co.,  Dr.  O'Gara  has 
spent  7  yrs.  at  >Salt  Lake  City,  Utah,  studying  the  effect  of  dif- 
ferent concentrations  of  sulfur  dioxide  under  varj'ing  conditions 
of  light,  temperature,  humidity,  and  stage  of  growth,  on  the 
growth  of  about  200  species  of  plants,  making  the  tests  under 
field  conditions.  This  study  resulted  in  the  discovery  of  "The 
Law  of  Gas  Action  on  the  Plant  Cell"  expressed  by  the  funda- 
mental equation  <(L  — /)  =  c,  in  which  /  is  the  time  through 
which  the  gas  acts  to  produce  a  certain  effect,  L  is  the  concen- 
tration of  the  gas,  /  is  the  concentration  of  the  gas  which 
will  not  injure  the  plant,  and  c  is  a  constant.  The  law  may  be 
stated  as  follows: 

With  all  environmental  factors  remainin;;  the  same,  the  active  part  of 
a  Ras  necessary  to  produce  a  certain  effect  upon  the  plant  cell,  multiplied  by 
the  time  through  which  it  acts,  is  constant. 

A  careful  study  of  the  smoke  stream  was  also  made  for  the  pur- 
pose of  ascertaining  methods  by  which  injury  to  plants  could 
be  prevented  by  regulating  the  concentration  of  the  sulfur  di- 
oxide eliminated  from  the  stack.  It  was  found  that  the  tem- 
perature of  the  stack  gases  and  the  height  of  the  stack  were  the 
factors  to  be  controlled  in  order  to  prevent  plant  injury.  Con- 
sidering the  topography  and  the  environment,  together  with 
the  weather  factors,  there  is  for  each  plant  or  industrial  work 
a  definite  stack  height  and  exit  gas  temperature  necessary  to 
insure  the  safety  of  surrounding  interests. 

On  the  manufacture  of  nitric  acid  two  papers  were  presented. 
Dr.  G.  B.  Taylor  in  a  paper  on  "Some  Kconomic  Aspects  of 
Ammonia  Oxidation"  gave  the  cost  factors  which  determined 
the  advisability  of  manufacturing  nitric  acid  from  Chile  salt- 
peter or  by  oxidation  of  ammonia.     C.   D.  Carpenter  and  J. 
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•Barbor,  in  a  paper  on  "Concentrating  Dilute  Nitric  Acid  Solu- 
tions," discussed  concentration. 

The  problems  involved  in  the  manufacture  of  hydrogen  and 
nitrogen  for  synthetic  ammonia  manufacture  were  pointed  out 
by  Prof.  Hugh  S.  Taylor.  He  reviewed  from  the  physical 
chemical  standpoint  all  processes  in  use  and  expressed  the  opinion 
that  a  radical  reorganization  of  the  steam  iron  process  from  the 
chemical  engineering  and  thermal  standpoints  might  make  this 
process  a  competitor  of  the  others. 

In  a  paper  by  Stephen  L.  Tyler  on  "Absorption  of  Hydro- 
chloric Acid  or  Other  Gases,"  he  described  a  fused  silica  apparatus 
of  new  design,  and  Hugh  K.  Moore  presented  a  paper  on  "Pro- 
duction of  Hydrochloric  Acid  from  Chlorine  and  Hydrogen." 

The  manufactiu^e  of  phosphoric  acid  was  discussed  in  a  paper 
by  Dr.  W.  H.  Waggaman  on  "Recent  Advances  in  the  Produc- 
tion of  Phosphoric  Acid  for  Fertilizer  and  Food  Purposes." 
The  author  explained  the  low  cost  of  manufacture  of  phosphoric 
acid  and  the  important  advantages  which  would  result  from 
the  substitution  of  phosphoric  acid  for  sulfuric  acid  in  fertilizer 
manufacture. 

Several  papers  were  read  giving  the  progress  attained  in  the 
transportation  of  muriatic  acid  and  liquid  chlorine.  Mr.  J.  M. 
Rowland  described  wooden  tanks  lined  with  soft  rubber,  and 
F.  C.  Zeisberg  told  about  a  steel  tank  lined  with  hard  rubber. 
A  steel  tank  car  insulated  with  cork  board  which  has  been  in 
successful  use  for  twelve  years  for  transporting  liquid  chlorine 
■was  described  by  J.  L.  K.  Snyder  and  H.  P.  Wells.  Max  Mauran 
described  a  multiple  tank  car  for  liquid  chlorine  consisting  of 
a  number  of  steel  tanks  of  one-ton  capacity  carried  in  a  steel 
frame  on  a  railway  truck. 

Mr.  Geo.  T.  Walker's  paper  on  "Crystallization  of  Trisodium 
Phosphate"  described  the  continuous  crystallization  of  this  salt 

Air.  N.  T.  Bacon  in  a  paper  on  "Vapor  Tension  at  Low  Tem- 
peratures" challenged  the  conclusions  of  Dr.  Irving  Langmuir 
with  reference  to  the  behavior  of  gases  at  temperatures  and 
pressures  so  low  that  a  sphere  of  six  times  the  diameter  of  the 
earth  would  be  necessary  to  accommodate  a  single  molecule 
of  platinum. 

The  program  of  excursions  included  inspection  of  the  new 
power  development  in  Ontario,  Canada,  of  the  Hydroelectric 
Commission.  Three  units  of  55,000  h.  p.  each  of  the  ten  con- 
templated have  already  been  installed. 

A  delightful  trip  was  taken  on  Tuesday,  which  included  the 
Gorge  ride  to  Queenstown  where  the  steamer  was  taken  to 
Toronto.  The  party  was  met  at  Toronto  by  a  local  reception 
committee  with  automobiles,  for  a  sight-seeing  tour  of  the  city 


and  visits  to  a  kodak  factory,  a  rubber  factory,  and  the  plant  of 
the  Consumers  Gas  Company. 

Wednesday  was  spent  in  Buffalo,  where  papers  were  read  in 
the  morning  at  Hotel  Lafayette,  and  in  the  afternoon  the  party 
was  taken  by  automobiles  for  sight-seeing  and  visits  to  Lacka- 
wanna Steel  Co.,  Wickwire  Steel  Co.,  Buffalo  General  Electric 
Co.,  Steam  Power  Plant,  Dold  Packing  Co.,  and  Larkin  Com- 
pany. A  smoker  was  held  on  Wednesday  evening  at  Hotel 
Lafayette. 

On  Thursday  afternoon  plants  at  Niagara  Falls,  N.  Y.,  were 
visited.  At  the  plant  of  the  Hooker  Electrochemical  Company 
the  rubber-lined  tank  car  for  transportation  of  C.  P.  hydrochloric 
acid  was  inspected  with  great  interest,  as  well  as  the  brine  puri- 
fication, electrolytic  cells,  and  caustic  evaporation. 

Other  plants  visited  were:  Niagara  Falls  Power  Co.,  Niagara 
Wall  Paper  Co.,  Kimberly-Clark  Paper  Co.,  and  the  Shredded 
Wheat  Company. 

The  meeting  ended  with  both  the  men  and  ladies  at  tea  at 
the  beautifully  located  Niagara  Falls  Country  Club.  The 
meeting  proved  to  be  one  of  the  best  attended,  most  profitable 
from  the  technical  point  of  view,  as  well  as  the  most  delightful 
ever  held  by  the  Institute. 

J.  C.  Olsen,  Secretary 

Polytechnic  Institute 
Brooklyn,  N.  Y. 


Society  of  Chemical  Industry  Reports 

The  Council  of  the  Society  of  Chemical  Industry  is  prepared 
to  offer,  on  the  same  terms  as  last  year,  viz.,  at  7s.  per  copy 
post  free,  the  Aimual  Reports  on  the  Progress  of  Chemistry, 
Vol.  19,  1922,  to  those  members  of  the  American  CHEmcAL 
Society  whose  applications  are  received  by  December  31,  1922. 
Remittances  should  accompany  every  order  and  be  made  pay- 
able, preferably  by  post-office  money  order,  to  Mr.  S.  E.  Carr, 
Burlington   House,   London,   W.   1,   England. 


Local  Section  Officers 

At  a  recent  meeting  of  the  Rochester  Section  of  the  Society, 
the  following  officers  were  elected:  Chairman:  O.  I.  Chormann; 
Vice  Clmirman:  E.  B.  Leary;  Secretary-Treasurer:  E.  M. 
Billings;  Executive  Committee:  Charles  F.  Hutchison, 
Charles  W.  Markus,  and  John  F.  Murlin. 
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The  Chemical  Exposition 

The  program  for  the  Eighth  National  Exposition  of  Chemical 
Industries,  to  be  held  in  Grand  Central  Palace,  New  York,  N.  Y., 
SeptemlKr  11  to  16.  1922,  numbers  among  its  speakers  not  only 
many  of  the  leading  lights  in  the  chemical  world  to-day,  but 
several  of  the  best-known  public  men  in  the  United  States. 
Judging  from  arrangements  made  so  far,  the  1922  Exposition 
program  will  outstrip  those  of  previous  years  both  in  breadth  of 
subjects  covered  and  in  the  caliber  of  speakers.  Coming  be- 
tween the  meetings  of  the  American  Chemical  Society  in  Pitts- 
burgh and  the  American  Electrochemical  Society  in  Montreal, 
the  week  of  the  Exposition  will  probably  see  the  greatest  gather- 
ing of  chemists  and  chemical  business  men  in  the  world.  With 
some  450  exhibitors  expected,  early  indications  point  to  a  smash- 
ing of  last  year's  attendance  record  of  120,000  visitors. 

Program 

Among  the  prominent  speakers  are:  Wayne  B.  WTieeler, 
General  Counsel  for  the  Anti-Saloon  League  and  one  of  the  best- 
known  authorities  in  the  United  States  on  alcohol  and  pro- 
hibition legislation,  who  will  speak  on  the  "Attitude  of  the  Anti- 
Saloon  League  toward  Industrial  Alcohol;"  and  Secretary  of 
Commerce,  Herbert  Hoover,  the  "business  man  of  the  Cabinet," 
who  will  play  a  part  in  the  Standardization  Program  in  an 
address  to  the  Salesmen's  .Association  of  the  .American  Chemical 
Industry,  entitled  "What  Standardization  Can  Do  for  the 
Chemical  Industry." 

During  the  week  of  the  Exposition  the  program  of  each  after- 
noon will  be  given  over  to  various  organizations  and  subjects. 
The  a.ssociations  that  have  definitely  arranged  to  meet  include 
the  Technical  Association  of  the  Pulp  and  Paper  Industry,  the 
American  Ceramic  Society,  the  Technical  Photographic  and 
Microscopical  Society  (September  14,  at  2  :  00  P.  M.),  and  the 
Salesmen's  Association  of  the  American  Chemical  Industry. 
The  Synthetic  Organic  Chemical  Manufacturers  Association  of 
the  United  States  is  also  planning  a  meeting. 

The  program  of  the  Technical  Association  of  the  Pulp  and 
Paper  Industry  includes  the  following  papers: 

Safety  and  Efficiency  Appliances  for  the  Boiler  Plant.     W.  C.  Edge.  Paul 

B    Huyctic  Company. 
Trimbey  and  Tibbets  Proportioning  and  Metering  System  for  Paper  Stock. 

!■:    J    Triuiiky.  Trimbey  Maihinc  Works 
Rotary   Filters   for   Washing   Paper   Pulp  and   for   Filtering  and   Washing 

Caustic  Lime  Mud.     (Illu.stratcd  )      Geo.  D.  Dickey,  Industrial  Filtra- 
tion Corporation. 
Efficiencies  and  Economies  in  Washing  Black  Liquor  from  Digested  Soda 

and  Sulfate   Stock.      R.   C.   Walkek.   Oliver    Continuous    Filter    Com- 
pany 
The  Merco  NordsUom  Plug  VaWe.     L.  D.  Mills.  Merrill  Company. 
Testing  Colored  Materials  for  Fastness  to  Light.     II.  S.  Thayer,  Atlas 

l;lfctric  Dcvicci  Company 
iQstmmsnta  for  Promoting  Efficiency  in  the  Paper  Mill.     A.  K.  Campdell, 

Schacffrr  ft  lludrnbrri:  Manufacturing  Company. 
The  Carbon  Dioxide  Record  of  Combustion  Efficiency.     C.   C.   Phelps, 

IchluiK  In^trumrnt  Company 
Steel  Belts  and  Their  Application  to  the  Solution  of  Conveying  Problems. 

Ha««y  Cari.-iiS.  Sanrtvilc  Strcl.  Inc 
Scott  ETaporalor  as  Used  in  the  Paper  Mill  for  Recovering  Soda  from  Spent 

Liquors.      H    ArsTIN.  Ernest  Scott  Sc  Company, 
Dust  Protection  with  Particular  Reference  to  the  Use  of  Respirators.     F.  M. 

RocKKKi.u.  W.IUon  f.oKglci.  Inc 
The  V-Notch  Meter  and  Its  Application  to  the  Paper  Mill.     L.  G.  Chase, 

Yarnall  Wartnn  Company. 
Conlinnous  Causticiiing  with  Lime  Recovery  and  Re-use.     W.  D.  Mount. 

r.lamnriian  Pipe  *  Foundry  Company 
Th»  Orinnell  Dryer  Applied  to  Wall  Paper  and  Coated  Paper.     Jbromk  I). 

Stwim.  C.rinnrll  Company 

The  Stand;! rdi7..it ion  Program  includes  the  following: 

Moderation  in  Standardisation.     W.  D.  Colliks,  V.  S,  Geological  Survey 
SUadardiied    Testing   Apparatus.      N.    F.   Hakriman,    V.   S.  Bureau   of 

Stan.l.ircli 
Discussion  of  the  Reasons  for  the  Varieties  of  Siiet  and  Shapes  in  Glass 

Bottles.      I    O    JkknINGS.  General  Representative  of  the  Glass  Container 

Auoctation. 


What  Has  Been  Accomplished  in  the  Standardization  of  Scientific 
Apparatus?  J  M.  Roberts,  Secretary  of  the  Association  of  Scientific 
.\pparatus  Makers  of  the  United  States  of  America. 

Standardization  of  Fire  Clays  and  Refractories.  Ross  C.  Purdy.  Secretary 
of  the  American  Ceramic  Society,  and  Chairman  of  the  Committee  on 
Refractories  of  the  .\merican  Society  for  Testing  Materials. 

Standardization  of  Enameled  Ware  for  Chemical  Purposes.  Emerson 
P.    Poste,  Elyria  Enameled  Products  Company. 

Each  evening  during  the  week  the  program  has  been  planned 
to  include  motion  pictures  and  illustrated  talks,  among  these 
are 

Prospecting  for  Gold  in  Northern  Ontario.     Courtesy  of  Ontario  Depart- 

,     ment  of  Mines. 

Assaying  for  Gold  in  Northern  Ontario.  Courtesy  of  the  Ontario  Depart- 
ment of  Mines. 

The  Romance  of  Cotton.  Accompanied  by  discussion  and  stereopticon 
slides  by  Dr.  David  Wesson.     Courtesy  Southern  Cotton  Oil  Company. 

Preparation  of  Nickel  and  Securing  Copper  as  a  By-product.  Accompanied 
by  discussion  and  explanation.     Courtesy  International  Nickel  Company. 

The  Story  of  Asbestos.  Courtesy  U.  S.  Bureau  of  Mines  and  Johns-Man- 
ville  Company. 

Recovering  Values  from  Fume  and  Smoke. 

Inspiration:  One  of  the  World's  Great  Copper  Mines. 

Mexican  Petroleum. 

The  Story  of  Heavy  Excavating  Machinery. 

(The  above  four  by  Courtesy  U.  S.  Bureau  of  Mines.) 

The  Story  of  Sulfur.  Courtesy  U.  S.  Bureau  of  Mines  and  Texas  Sul- 
phur Company. 

The  Story  of  Abrasives.  Courtesy  U.  S.  Bureau  of  Mines  and  The  Carbo- 
rundum Company. 

Exhibits 

There  are  already  about  400  exhibitors. 

Every  branch  of  the  chemical  and  chemical  equipment  in- 
dustries, as  well  as  numerous  allied  houses,  will  be  represented 
at  the  Exposition. 

The  chemical  products  displayed  will  include  all  types  manu- 
factured in  the  United  States:  Coal,  medicinals,  and  dyestuffs, 
technical  chemicals  for  the  rubber,  leather,  paper,  textile,  paint, 
and  other  consuming  trades, — "everything  in  chemicals  from 
the  crudest  of  crude  materials  to  the  most  delicate  aromatic 
ready  for  the  perfumer's  use." 

A  number  of  new  devices  in  apparatus  and  machinery  de- 
veloped since  the  termination  of  war-time  activity  and  completed 
since  the  1921  Exposition  will  be  displayed  for  the  first  time,  as 
well  as  improvements  on  machinery  long  standard  for  industrial 
operations.  -Many  of  the  machines  will  be  seen  in  actual  opera- 
tion.    Some  new  features  which  will  be  on  display  are: 

New  special  high-capacity  evaporator. 

Lead  pumps  for  handling  phosphoric  acid  under  pressure. 

New  adaptation  of  the  all  hard-rubbcr  pump  for  use  in  muriatic  acid 
loading. 

Recent  development  on  a  balanced  automatic  control  valve  and  in  a 
direct  reading  resistance  thermometer. 

New  ideas  in  pyrometers. 

Developments  of  the  past  year  in  butyl  alcohol  and  furfural  and  their 
derivatives  for  solvent  purposes. 

The  use  of  liquid  chlorine  in  the  paper  industry  in  place  of  bleaching 
powder. 

New  dust  controlling  and  humidifying  equipment. 

New  ideas  for  loading  machinery  on  trucks. 

All  types  of  containers,  steel  fiber,  wood,  and  glass. 


The  Twenty-ninth  Annual  Convention  of  the  National  Fer- 
tilizer Association  was  held  at  WTiite  Sulphur  Springs,  W.  Va., 
June  12  to  1."),  1922.  More  than  .300  delegates  from  different 
parts  of  the  country  were  in  attendance,  anfl  the  convention  was 
in  every  respect  a  success.  Business  sessions,  varied  by  golf, 
tennis  and  quoit  tournaments,  extended  over  the  four  days  of  the 
convention  and  proved  to  be  of  unusual  interest.  Within  the 
last  year  62  members  withdrew  from  the  Association,  but  the 
Secretary's  report  showed  that  without  any  solicitation  9  new 
members  had  joined.  After  hearing  the  report  of  the  Tariff  Com- 
mittee, the  Association  adopted  a  resolution  favoring  the  admis- 
sion duty  free  of  plant  foods. 
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NOTES  AND  CORRESPONDENCE 


The  Industrial  Fellowships  of  the  Mellon 
Institute 

The  Ninth  Annual  Report  of  the  Mellon  Institute  of  Indus- 
trial Research  of  the  Vnivcrsity  of  Pittsburgh  covers  the  activ- 
ities and  progress  of  the  industrial  fellowships  during  the  Insti- 
tute's fiscal  year  ended  February  28,  1922. 

In  discussing  some  of  the  accomplishments  of  the  system,  Mr. 
Edward  R.  Weidlein,  Director  of  the  Institute,  says: 

The  Industrial  Fellowships  of  the  Institute  are  of  two  general 
types,    viz.,  individual  and  multiple.     An  Individual  Iiulustrial 


Fellowship  utilizes  the  services  of  one  research  chemist  or  engineer 
(with  assistants  when  necessary),  who  is  responsible  directly  to 
the  executive  staff  of  the  Institute.  A  Multiple  Industrial  Fel- 
lowship utilizes  the  services  of  one  or  more  research  men  (Junior 
Fellows)  under  the  direction  of  a  Senior  Fellow,  who,  in  turn,  is 
responsible  to  the  executive  staff.  There  are  now  fMarch  1, 
1922)  thirty-eight  Imlividual  and  eleven  Multiple  Fellowships. 
Since  only  one  investigation  is  carried  out  on  a  particular  sub- 
ject at  any  one  time,  and  since  there  is  accordingly  no  duplica- 
tion of  the  research  activities  of  the  Fellowships,  there  is  always 
a  wide  variety  of  different  problems  under  study. 

Tlu-cc  of  the  Industrial  Fellowships  now  in  operation  (Nos,  277, 
290,  and  '.iQ\))  have  been  effectively  at  work  since  1912,  while 
twenty-one  other  I'ellowships  have  been  promoted  continuously 


Industrial 

No. 

Names  op 
Industrial  Fellowships 

181 

Synthetic  resins 

233 
276 
277 

Enameling 
Fish  products 
Bread 

278 
279 
280 

Oil  shale 
Combustion 
Protected  metals 

282 
283 
285 

Stove 
Perfumes 
Food  container 

286 

Nickel 

287 

Metallic  oxides 

288 

289 

Ester 
Gas 

290 

Oil 

291 
292 
293 
294 
295 
296 

Glass 

Silicate  of  soda 

Slag 

PhospSorus 

Salt 

Laundry 

297 
29S 
299 
300 
301 
302 
303 
304 

Wood  chemicals 

Emulsion  flavors 

\'arieties 

Inks 

Fiber 

Pratt  memorial 

Silicate 

Coke 

Fellowships  in  Operation  at  the  Mellon  Institute  on  March  1,  192 


305 

Organic  synthesis 

306 

Insecticides 

3U7 

By-product 

308 

Fertilizer 

309 

Glue 

310 

Asbestos 

311 

Metal  ware 

312 

Vitnfied  tUe 

313 

Insulation 

314 

Synthetic  acids 

315 

Ozone 

316 

Roofing 

Dental  alloy 

318 

Magnesia  products 

320 

Refractories 

321 

Pharmaceutical 

322 

Cleaning 

323 

Soda 

325 

Vitrified  tile 

■  fellow 
ology) 
ology) 


Industrial  Fellows,  Names  and  Degrees 

C.  B.  Carter  (Ph.D.,  University  of  North  Carolina),  senior  fellow 
A.  E.  Coxe  (B.S.,  University  of  Chicago) 
R.  D.  Cooke  (M.S.,  University  of  Wisconsin) 

D.  K.  Tressler  (Ph.D.,  Cornell  University) 
H.  A.  Kohman  (Ph.D.,  University  of  Kansas),  senior  fellow 
Roy  Irvin  (M.S.,  University  of  Kansas) 

E.  S.  Statcler  (B  S..  University  of  Kansas) 
C.  L.  Jones  (MS  .  University  of  Pittsburgh) 
J.  G.  Davidson  (Ph.D..  Columbia  University) 
/.  H.  Young  (Ph.D.,  Ohio  State  University),  senior  fellow 
P.  D.  Gephart  (B.Ch.E.,  Ohio  State  University) 
J.  E.  Hansen  (B.S.,  University  of  Illinois) 
J.  K.  Senior  (Ph.D.,  University  of  Chicago) 
W.  F.  Henderson  (M.S.,  University  of  Pittsburgh) 
Adeline  Hrubecky  (University  of  Pittsburgh),  assistant 
R.  J.  McKav  (B  S..  University  of  California) 
K.  D.  Dodds  (B.Chem.,  University  of  Pittsburgh),  assistant 
G.  E.  Seil  (M.S.,  University  of  Pittsburgh) 
C.  A.  Marsteller  (Carnegie  Institute  of  Technology),  assistant 
J.  J.  Fitzpatrick  (B.Chem,,  University  of  Pittsburgh) 
/.  B.  Garner  (Ph.D.,  University  of  Chicago),  senior  fellow 
J.  E.  Underwood  (M.A.,  Wabash  College) 
W,  F.  Farafiher  (Ph.D.,  University  of  Kansas),  senior  fellow 
W.  A.  Gruse  (Ph.D.,  University  of  Wisconsin) 
R.  W.  Henry  (B.S.,  University  of  Oklahoma),  assistant 
S.  P.  Marley  (University  of  Pittsburgh),  assistant 
Ronald  Reamer  (B.S.,  Allegheny  College),  assistant 
R.  R.  Shively  (Ph.D..  University  of  Pittsburgh) 
William  Stericker  (B.S.,  University  of  Wisconsin) 
Tracy  Bartholomew  (E.M.,  Colorado  School  of  Mines) 
E.  E.  Marbaker  (Ph.D.,  University  of  Pennsylvania) 
T.  E.  Williams  (B.S..  University  of  Michigan) 
A.  F.  Shufip  (Ph.D.,  University  of  Pittsburgh), 
Alice  L.  Wakefield  (B.S.,  Carnegie  Institute  of  Techn 
Mary  M.  Danley  (B.S.,  Carnegie  Institute  of  Techn 
R.  F.  Remler  (B.Chem..  University  of  Pittsbm-gh) 
Melvin  De  Groote  (B.Ch.E.,  Ohio  State  University) 

E.  R.  Harding  (M.A.,  Leland  Stanford  University) 

F.  F.  Rupert  (Ph.D.,  Massachusetts  Institute  of  Technology) 
M.  C.  Walsh  (Chem.  Eng..  Columbia  University) 
(Industrial  fellow  to  be  appointed) 

J.  L.  Crawford  (B.S..  University  of  Illinois) 

F.  W.  Sperr,  Jr.  (B.A.,  Ohio  State  University),  advisory  fellow 
J.  W.  Hepplewhite,  Jr.  (B.Cer.E.,  Ohio  State  University) 

W.  J.  Huff  (Ph.D..  Yale  University) 
H.  J.  Rose  (B..\.,  Yankton  College) 
J.  A.  Shaw  (B.S.,  Pennsylvania  State  College) 

G.  G.  Desy  (B.S.,  Worcester  Polytechnic  Institute) 
C.  J.  Herrly  (B.S.,  Pennsylvania  State  College) 

H.  R.  Curme  (Ph.D.,  University  of  Pittsburgh) 
F.  W.  Hightower  (B.S.,  University  of  Texas) 

F.  H.  Marley  (B.Chem.,  University  of  Pittsburgh),  assistant 
O.  F.  Hedlenburg  (Ph.D.,  University  of  Chicago) 

Walther  Riddle  (Ph.D.,  University  of  Heidelberg) 

H.  E.  Gill  (M.S.,  University  of  Pittsburgh),  assistant 

H.  H.  Me\ers  (B.S.,  University  of  Pennsylvania),  senior  fellow 

Carl  Elschner  (Ch.E..  Institute  of  Technology  of  Coethen),  assistant 

R.  H.  Bogue  (Ph.D.,  University  of  Pittsburgh) 

C.  K.  M,  Ritchie  (.\.B.,  Oberlin  College),  assistant 

G.  H.  Katz  (B.S.,  Ohio  State  University) 

W.  G.  Imhod  (M.S..  University  of  Pittsburgh) 

H.  G.  Schurecht  (B  S.,  University  of  Illinois) 

R.  H.  Heilman  (B.S.  in  E.E..  University  of  Pittsburgh) 

R.  B.  Trusler  (B.S.  Syracuse  University) 

E.  W.  Felkel  (B.Chem.,  University  of  Pittsburgh) 

H.  C.  Hoover  (.\.B.,  Ursinus  College) 

C.  C.  Vogt  (Ph.D.,  Ohio  State  University) 

H.  W.  Greider  (M.S.,  University  of  Kansas) 

C.  C.  Vogt  (Ph.D.,  Ohio  State  University),  advisory  fellow 

R.  M.  Ho-j.e  (M..4.,  University  of  Pittsburgh),  senior  fellow 

S.  M.  Phelps  (University  of  Toronto) 

R.  F.  Ferguson  (B.S.,  University  of  Pittsburgh) 

W.  R.  Kerr  (University  of  Pittsburgh),  assistant 

A.  W.  Harvey  (Ph.D.,  University  of  Pittsburgh) 

i.  E.  Jackson  (B.S.,  University  of  Kansas),  senior  fellow 

Helen  E.  Wassell  (B.S.,  Carnegie  Institute  of  Technology) 

H.  G.  Elledge  (Ph.D.,  University  of  Pittsburgh) 

H.  G.  Schurecht  (B.S.,  University  of  Illinois) 


Dates  of  E.xpiration 

April  1,  1922 
April  1,  1922 
April  1,  1922 


June  1,  1922 
June  1,  1922 
June  1,  1922 

June  1.  1922 
June  22,  1922 
June  15,  1922 

July  12.  1922 
October  1,  1922 
October  1,  1922 
September  1,  1922 
September  1,  1922 
August  15,  1922 

September  15.  1922 


September  1,  1922 
September  1.  1922 
September  8,  1922 
September  21,  1922 
October  15,  1922 
November,  1,  1922 


November  1,  1922 
November  1.  1922 
November  15,  1922 
January  1,  1923 
November  1,  1922 
November  15,  1922 
December  1,  1922 
December  1,  1922 


January  1,  1923 


January  1,  1923 
January  1,  1923 

January  1.  1923 

January  5,  1923 

January  5,  1923 
February  1.  1923 
February  16.  1923 
March  1,  1923 
January  1,  1923 
February  1.  1923 
March  1,  1923 
January  16,  1923 
February  1,  1923 
March  1,  1923 
February  1,  1923 


March  1,  1923 
March  1,  1923 
March  1,  1923 
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for  three  or  more  years,  and  eleven  Fellowships  are  in  their 
second  year  of  operation. 

These  Fellowships  are  all  well  established  in  their  fields  of  in- 
quiry; and  their  renewal,  year  after  year,  attests  to  their  pro- 
ductivity and  to  the  confidence  which  their  donors  have  in  the 
Institute.  It  is  of  interest  to  mention  here  that  the  incumbents 
of  the  larger  and  older  Industrial  Fellowships  are  recognized  gen- 
erally as  specL-ilists  in  the  specific  branches  of  technology  in  which 
they  are  carrying  out  investigations. 

The  following  eleven  Fellowships  have  been  founded  by  asso- 
ciations: 


Company- Members 

No. 

Name 

in  Association 

283 

Stove 

14 

3M 

Laundry 

1901 

397 

Wood  chemicals 

68 

301 

Fiber 

25 

306 

Insecticides 

7 

311 

Metal  ware 

14 

313 

Vitrified  tile 

10 

318 

Magnesia  products 

2 

330 

Refractories 

08 

333 

Cleanini; 

9 

335 

Vitrified  tile 

25 

Industrial  Fellowships  established  by  associations  of  manu- 
facturers' not  only  enable  the  Institute  to  be  of  direct  ser\'ice  to 
groups  of  industrial  concerns  instead  of  to  individual  companies, 
but  their  successful  operation  also  gives  rise  to  more  stable  rela- 
tions of  cooperation  among  the  company-members  of  these  as- 
sociations by  the  induction  of  the  reciprocal  exchange  of  expe- 
rience and  research  results.  The  Institute  acts  as  a  clearing 
house  of  information  for  donating  associations,  and  gives  all 
the  assistance  and  advice  in  its  power  to  the  company-members. 
In  illustration  of  this  function  of  the  Institute,  it  may  be  men- 
tioned that  Multiple  Industrial  Fellowships  are  supported  by  the 
Laundryowners'  National  Association,-  the  Refractories  Manu- 
facturers' Association,  and  the  International  Technical  Society 
of  Cleaners  and  Dyers.  These  Fellowships,  which  are  represen- 
tative of  the  others  of  this  general  class,  serve  as  technical  ad- 
visers to  the  individual  members  of  the  donating  associations,  in 
addition  to  conducting  testing,  standardization,  and  research 
work  of  general  importance.  For  the  most  part,  the  research 
has  to  do  with  the  improvement  of  industrial  processes. 


1  The  system  in  operation  at  the  Institute  contemplates  that  the  asso- 
ciation shall  be  limited  in  each  case  to  those  firms  in  an  industry  whose  in- 
terests are  sufficiently  homogeneous  to  induce  them  to  pool  their  resources 
for  the  purpose  of  research . 


Universities,  Buy  American  Chemicals! 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  chemical  departments  of  the  various  colleges  and  uni- 
versities have  been  producing  great  numbers  of  chemists.  These 
men  in  large  measure  arc  looking  for  jobs,  and  an  army  of  grad- 
uates is  just  now  swelling  the  number. 

It  happens  that  the  chemical  industry  is  not  in  the  best  posi- 
tion just  now  to  absorb  our  graduating  chemists,  but  never- 
theless the  obligation  is  strong  upon  us,  for  the  sake  of  the  future 
of  the  American  chemical  industry  as  well  as  the  present,  to  take 
tlicsc  men  in. 

But  is  there  not  also  an  obligation  on  the  colleges?  In  our 
mre  chemical  business  our  distributors  encounter  two  classes  of 
buyers  or  purchasing  agents  in  the  universities. 

The  first  class  buy  as  a  matter  of  broad-minded  policy;  the 
second  as  a  matter  of  sharp  business.  The  first  endeavor  to  sup- 
port American  industry  because  they  and  their  graduates  and 
undergraduates  are,  or  will  Ix,  a  part  of  it.  The  second  class 
buy  because  their  idea  of  their  duty  is  that  they  must  buy  at  the 
lowest  possible  prices,  regardless  of  anything  else.  They  are 
not  conccrnci!  with  the  f.ict  that  unless  a  fair  adjustment  of  the  tar- 
iff is  made,  l.-irgc  stctions  of  the  American  chemical  industry  will 
disappear,  and  consequently  jobs  for  their  graduates  and  money 
for  their  colleges  from  a  healthy  industry.  A  healthy  industry 
means  gifts  to  the  support  of  the  chemical  department,  many  of 
whose  buyers  arc  now  penny  wise  and  pound  foolish. 


TVlien  an  ounce  of  gold  buys  at  least  twelve  times  as  much 
expert  labor  in  countries  with  depreciated  currency  as  in  America, 
the  American  manufacturer,  although  he  reduces  his  prices  below 
the  starvation  point,  cannot  meet  foreign  prices  generally. 

The  purchasing  agents  in  many  cases  are  buying  foreign 
products,  even  when  the  differential  is  a  very  small  one.  Their 
position  is  that  they  were  appointed  to  buy  at  the  lowest  prices 
and  that  no  one  has  given  them  authority  to  set  patriotism  or  the 
ideal  of  promoting  the  chemical  industo'  in  America  above  the 
considerations  of  business.  They  may  be  right,  and  if  so  what 
I  have  to  suggest  should  be  taken  up  with  the  professors  who 
specify  and  with  those  university  authorities  responsible  for 
ideals  and  policy. 

My  suggestion  is  that  each  chemist  looking  for  a  job  (and  jobs 
are  not  so  plentiful  now  in  chemistry  as  they  might  be)  go  or 
write  to  the  purchasing  agent  of  his  alma  mater  and  ask  this 
question,  "How  do  you  expect  American  chemists  to  find  jobs 
unless  all  buyers  of  chemicals,  and  especially  and  above  all  the 
institutions  which  made  us  chemists,  buy  American  chemicals?" 

The  editor  of  This  Journal,  I  believe,  will  be  very  much 
interested  in  the  replies  made  to  this  question  and  they  should 


be  reported  to  him. 

SPHCIAI,  CaSHICALS  Co. 

Highland  Park,  III. 
June  13,  1922 


Carl  Pfanstiehl 


Japan  Letter 

By  K.  Eashima 

1125  IKEBUKURO,  NEAR  ToKYO,  JAPAN 


It  is  a  great  pleasure  to  be  invited  to  write  a  monthly  letter 
on  the  progress  of  chemical  science  and  industry  in  Japan. 
Friendship  is  developed  from  mutual  understanding.  American 
periodicals,  books,  machines,  chemicals,  and  many  other  goods 
are  continually  being  imported  to  this  island,  and  they  indicate 
America's  progress  to  the  Japanese.  Our  goods  go  to  America 
also,  but  almost  none  of  our  periodicals  or  books.  The  Japanese 
generally  use  Chinese  characters  with  Japanese  "kana,"  which 
are  difficult  for  foreigners  to  understand.  It  is  therefore  a  pleas- 
ant duty  to  communicate  the  present  status  of  chemical  science 
and  industry  to  the  members  of  the  American  Chemical 
Society. 

To  explain  the  present  state  of  chemical  science  and  industry 
in  Japan,  it  would  be  necessary  first  to  write  their  history.  The 
development  of  modern  science  and  industry  in  Japan  begins 
with  the  Meiji  Era  (1868-1912).  Before  this  time  there  existed, 
of  course,  some  chemical  science  and  industry,  but  it  could  hardly 
be  called  such,  since  it  was  confined  for  the  most  part  to  mere 
personal  experiences.  After  the  Imperial  Government  dis- 
placed the  Tokugawa-Shogunate,  western  civilization  flowed 
into  these  islands  and  the  Japanese  endeavored  to  master  chemi- 
cal science. 

The  progress  in  the  Mciji  Era  was  enormous,  but  it  was  gradual. 
After  the  outbreak  of  the  Great  War,  industry,  especially  chemical 
industry,  made  rapid  and  sudden  progress.  Almost  all  chemical 
products  were  manufactured  by  us  and  exported  to  other  coun- 
tries. Capital  devoted  to  industry  was  increased  and  factories 
were  rapidly  built,  especially  in  the  neighborhood  of  Tokyo, 
Osaka,  and  the  northern  part  of  Kyushil.  Then  the  war  came 
to  an  end  and  panic  visited  every  factory.  Conditions  are  still 
no  better.  A  few  days  ago  the  Association  of  Chemical 
Industry  held  a  meeting  to  discuss  the  situation,  and  it  was 
decided  to  appeal  to  the  government  for  higher  import  taxes 
on  some  of  the  important  chemical  products. 

June  21,  1922 


Aug.,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


749 


LONDON  LETTER 


liy  Hugh  Gripfitiis,  IS  New  Bridge  St.,  London,  E.  C.  4,  Englaiul 


The  Safecuardino  of  Industries  Act 

The  Key  Industries  bill  is  still  engaging  close  attention,  and 
two  very  interesting  complaints  have  been  heard  by  the  Oflicial 
Referee.  Hitherto,  in  most  of  the  complaints,  discussion  has  been 
directed  towards  ascertaining  the  meaning  of  the  term  "fine 
chemical;"  in  the  case  of  "synthetic  camphor"  the  discussion 
was  more  particularly  directed  to  fixing  the  meaning  of  the  term 
"synthetic."  The  decision  of  the  Referee,  which  was  given  at 
great  length,  cannot  be  considered  as  other  than  masterly,  and 
one  feels,  after  reading  this  decision,  that  the  synthetic  chemical 
has  been  put  in  its  place  once  and  for  all,  and  that  the  limita- 
tions of  the  term  "synthetic"  have  been  defined  for  the  benefit 
of  posterity.  The  essential  point  of  the  award  is  that  both  pi- 
nene  and  synthetic  camphor  are  removed  from  the  list,  and 
Komppa's  synthetic  camphor  added. 

Some  very  interesting  facts  were  disclosed  in  the  course  of 
evidence,  a  witness  stating  that  one  firm  purchased  camphor 
during  1913  to  the  value  of  £100,000.  The  difficulties  imposed 
upon  the  producers  of  turpentine  camphor  by  the  Japanese 
producers  of  natural  camphor  were  also  mentioned.  Most 
chemists  will  feel  that  it  is  unfortunate  that  an  important  in- 
dustry such  as  the  production  of  turpentine  camphor  should  be 
completely  beaten  out  of  existence,  and  it  is  common  knowledge 
that  every  concern  which  has  attempted  to  produce  this  material 
commercially  in  England  has  been  subsequently  compelled  to 
abandon  its  operations.  The  experience  in  the  United  States  has 
been  somewhat  similar. 

A  complaint  regarding  incandescent  gas  mantles  has  also  been 
heard,  and  it  has  been  decided  that  incandescent  gas  mantles, 
being  "mechanical  aggregates  of  oxides  of  thorium  and  cerium," 
are  included  in  the  phrase  "compounds  of  thorium  and  cerium, 
etc.,"  and  are  to  be  included  in  the  list.  A  further  inquiry  is 
now  being  held  under  Section  2  of  the  Act,  and  an  endeavor  is 
being  made  to  get  a  duty  of  33 '/s  per  cent  imposed  on  all  incandes- 
cent mantles  imported  from  Germany. 

British  Dyestuffs  Industry 

During  the  war  it  was  reported  in  this  country  that  a  very 
subtle  individual  had  succeeded  in  obtaining  all  the  "secrets" 
of  dye  manufacture,  as  practiced  in  Germany,  and  that  the  docu- 
ments were  on  the  way  from  Switzerland,  securely  packed  in  a 
foreign  office  bag.  This  statement  was  met  with  great  scorn  by 
technical  men,  and  it  was  pointed  out  that  the  accumulated 
experience  of  forty  years  could  not  be  so  easily  lifted. 

A  disquieting  announcement  has  now  been  made,  that  the 
representatives  of  the  British  dye  manufacturing  concerns  are 
in  negotiation  with  the  German  producers  at  the  present  moment, 
with  a  view  to  securing  cooperation  in  some  form.  It  is  of  course 
well  known  that  the  producers  of  dyestuffs  in  this  country  have 
been  losing  money  for  some  time,  and  it  is  not  surprising  that 
these  negotiations  are  in  progress.  The  question  arises,  however, 
whether  any  good  can  come  from  these  conversations,  which  must 
be  regarded  in  the  nature  of  a  confession  of  failure.  This  matter 
is  very  strongly  discussed  in  technical  circles,  where  it  is  fully 
realized  that  mere  recipes  and  information  regarding  the  technic 
of  manufacturing  processes  will  not  be  sufficient  to  save  the  in- 
dustry. 

The  essential  difficulties  of  the  British  dye  industry  may  appear 
at  first  to  be  technical  difficulties,  but  it  must  be  remembered 
that  all  the  plants  were  put  down  at  a  time  when  market  condi- 
tions were  quite  artificial,  and  since  the  various  works  were  de- 
signed the  market  conditions  for  every  product  have  received 
rude  shocks. 

Even  under  conditions  of  normal  demand  and  steady  markets 
the  organization  of  a  dye  industry,  with  its  interlocking  rami- 
fications, is  no  mean  problem.  At  a  time  when  the  world's 
markets  are  in  a  state  of  upheaval,  proper  organization  and  co- 
ordination of  the  various  activities  are  almost  beyond  human 
powers,  and  steady  efficient  working  of  manufacturing  plants 
cannot  possibly  be  achieved,  nor  could  all  the  accumulated  skill 
and  technical  experience  in  the  whole  of  Germany,  or  elsewhere, 
solve  this  problem  at  the  present  time. 

It  is  felt  in  this  country  that,  at  any  cost,  this  industry  must 
not  be  allowed  to  collapse,  and  that  the  only  solution  lies  in 
adequate  financial  support  until  the  industry  can  work  out  its 
own  salvation. 


Fine  Grinding  and  Incorporation 

Since  the  somewhat  bitter  controversy  between  Gates  and 
Stadler,  very  few  contributions  to  the  theory  of  fine  grinding 
have  been  made,  and  the  study  of  the  energy  efficiency  and  the 
mechanism  of  pulverization  has  been  handicapped  to  some  ex- 
tent by  the  difficulty  of  obtaining  a  satisfactory  means  of  grad- 
ing powdered  materials  of  a  fineness  much  below  200  mesh. 
In  this  connection,  the  investigations  made  by  Dr.  T.  M.  Lowry 
in  England  are  of  special  interest. 

At  a  recent  joint  meeting  of  the  Faraday  Society  and  the 
Oil  and  Colour  Chemists  Association,  this  subject  was  discussed. 
While  many  of  the  advantages  of  grading  by  means  of  air  cur- 
rents were  pointed  out  and  fully  appreciated  from  the  commercial 
point  of  view,  a  precision  apparatus  for  elutriation  tests  was 
described,  and  the  various  conditions  controlling  the  accuracy 
of  the  instrument  detailed.  Apparently  this  instrument  was 
designed  to  provide  a  satisfactory  test  for  barytes  for  works  use, 
and  probably  will  be  applied  to  the  study  of  the  products  from 
fine  grinding  machines.  A  particularly  interesting  field  of 
application  should  be  in  the  study  of  the  coarser  products  of  the 
colloid  mill. 

Another  important  subject  has  been  investigated  by  E.  P. 
Perman,  namely,  the  testing  of  the  degree  of  incorporation  of 
explosives  and  similar  materials.  While  it  is  a  simple  matter 
by  ordinary  analytical  methods  to  study  the  coarse  mi.xing  of 
materials  in  a  mill,  it  has  been  pointed  out  by  Perman  that  in 
order  to  secure  a  test  of  incorporation  verj'  minute  samples  must 
be  taken,  and  in  the  case  of  the  mixture  chosen,  containing  am- 
monium nitrate  and  TNT,  samples  of  about  1  mm.  each  were  ex- 
amined by  a  Nessler  method.  The  figures  of  mean  deviation 
enabled  the  effect-variations  in  time  of  milling,  weight  of  charge, 
and  miling  speed,  to  be  traced  accurately. 

The  Colloid  Mill 

Great  interest  has  been  shown  in  this  country  in  Plauson's 
colloid  mill.  This  machine  has  been  specially  designed  for  the 
reduction  of  materials  to  very  small  dimensions,  in  some  cases 
down  to  0.01  M. 

The  writer  has  had  the  privilege  of  seeing  one  of  these  machines 
in  operation  at  Erfurt,  and  has  also  been  able  to  discuss  the  mill 
with  the  inventor,  and  Herr  Block  of  Emil  Passburg  Maschinen- 
fabrik,  who  was  responsible  for  the  mechanical  details  of  the 
design. 

The  machine  consists  of  a  circular  easing,  with  an  eccentrically 
placed  rotor  which  is  driven  at  a  very  high  peripheral  speed. 
The  casing  contains  a  liquid,  and  the  machine  therefore  consists, 
in  principle,  of  an  impact  disintegrator  in  which  the  material 
is  pulverized  in  the  presence  of  a  liquid.  With  this  device,  it 
is  claimed,  a  much  larger  proportionof  small  particles  of  the  order 
of  magnitude  of  0.01  n  can  be  obtained,  than  in  any  dry  disinte- 
grator or  in  any  ordinary  system  of  wet  grinding.  The  claims 
appear  to  be  established,  and  the  commercial  possibilities  of  the 
machine  look  interesting. 

It  is  possible,  by  the  use  of  dispersion  accelerating  agents,  to 
increase  the  production  of  fine  particles  and  to  produce  stable 
emulsions  and  dispersions  in  the  machine,  from  all  kinds  of  ma- 
terials. Mercury  can  be  dispersed  in  water  to  the  form  of  a 
stable  colloidal  mercury  of  high  concentration.  The  machine 
has  also  been  applied  to  the  production  of  colloidal  fuel,  homogen- 
ized milk,  viscose,  lubricants,  and  many  other  materials.  Most 
of  these  substances  have  been  treated  experimentally  with  very 
interesting  results,  but  so  far  as  this  country  is  concerned  little 
is  known  regarding  the  commercial  exploitation  of  the  machine. 

Several  German  firms  have  installed  machines  for  commercial 
use,  but  it  is  fairly  obvious  from  the  scope  which  this  machine 
offers,  that  it  will  be  some  time  before  the  commercial  applica- 
tions can  be  fully  investigated.  It  is  at  present  extremely  difficult 
to  say  which  of  the  applications  will  prove  profitable,  but  from 
a  scientific  point  of  view  the  results  will  be  looked  for  with  very 
great  interest. 

Plauson's  Ultra-Filter 

The  inventor  of  the  colloid  mill  has  also  patented  some  new 
types  of  filtering  surface  of  adjustable  porosity.     The  apparatus 
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^how-n  to  the  writer  at  Erfurt  consisted  essentially  of  a  cylindrical 
chamber  made  of  rings  of  metal  with  slotted  perforations.  The 
pressure  on  this  bundle  of  rings  could  be  adjusted  by  means  of 
screws,  and  when  cleaning  was  required  the  pressure  could  be 
removed.  This  arrangement  gave  a  filtering  surface  which 
could  tie  adjusted  and  easily  cleaned,  the  mi.xture  to  be  filtered 
being  pumped  into  the  interior  of  the  built-up  cylinder.  The 
solid  material  deposited  was  removed  by  a  spiral,  the  machine 
operating  continuously  in  a  manner  somewhat  similar  to  the  well- 
known  extraction  press. 


The  ^vriter  saw  this  apparatus  working  on  a  mixture  of  china 
clay  and  water,  and  it  appears  that  modified  constructions  have 
been  produced  capable  of  filtering  out  the  dispersed  materials 
obtained,  by  means  of  the  colloid  mill. 

According  to  the  technical  data  given  by  Dr.  Plauson.  even 
with  colloidal  materials  large  performances  per  unit  filtering 
surface  can  be  obtained,  and  there  appears  to  be  a  wide  range  of 
possibilities  of  commercial  application  for  this  machine,  as  soon 
as  the  production  has  been  organized. 

June  22,  1922 


PARIS  LETTER 


Uy  CUARLES  LORMANO,  4   Av 


:  de  rObservatoire,  Paris.  Fran 


As  I  said  in  my  previous  letter,  I  shall  report  on  the  Interna- 
tional Conference  of  Pure  and  Applied  Chemistry  held  at  Lyons, 
and  the  National  Congress  of  Industrial  Chemistry  at  Marseilles. 

Conference  at  Lyons 

The  Conference  at  Lyons  commenced  June  27,  with  22  dele- 
gates, representing  22  countries,  present.  That  the  number  of 
nations  represented  increases  from  year  to  year  confirms  the 
success  of  these  conferences.  I  know  very  well  that  a  larger 
number  of  nations  would  like  to  be  included,  but  it  is  still  too 
early  to  open  the  gates  too  wide,  as  it  is  essential  that  a  minimum 
of  cordiality  be  maintained,  and  the  situation  of  international 
politics,  unfortunately,  prevents  this  minimum  of  cordiality. 

A  numljer  of  reports  were  presented  by  the  Commissions,  of 
which  each  nation  had  a  member.  After  discussion  and  some 
modifications,  these  reports  were  presented  to  the  Bureau  of  the 
Union,  which  ratified  the  conclusions,  with  some  modifications. 

The  Commission  on  Nomenclature  of  Mineral  Chemicals 
has  decided  that  in  all  tables  the  names  of  metals  or  positive 
groups  be  put  in  the  first  column,  and  in  the  second  line  the  names 
of  the  negative  elements  following,  for  example:  (1)  Copper, 
(2)  Sulfate.  This  Commission,  thinking  that  the  Formula 
Index,  used  in  Chemical  Abstracts,  gives  complete  satisfaction  for 
the  classification  of  mineral  compounds,  will  urge  publications  to 
adopt  this  classification  as  soon  as  practicable. 

The  Commission  on  Organic  Chemistry  decided  that  all 
questions  concerning  nomenclature  be  sent  to  them  for  consider- 
ation, and  should  be  reported  to  the  editors  of  the  most  im- 
portant journals  of  chemistry. 

In  192^3  the  Commission  will  issue  a  report  in  view  of  forming 
a  complete  system  of  nomenclature,  to  be  adopted  by  the  leading 
scientific  journals.  This  report  will  be  prepared  by  Mr.  Green- 
way  and  Marquis  Pctterson,  and  will  be  sent  to  the  six  chairmen 
of  the  committees  of  the  nations:  Messrs.  Angeli,  Billman, 
Hlnisc,  Norris,  Smith,  and  V'otocek. 

The  Commission  on  Signs  op  Potentials  of  Electrodes 
has  made  the  following  decisions:  (1)  WTienever  mention  is 
made  of  the  potential  of  a  metal  in  a  solution,  the  sign  of  the 
potential  of  the  metal  should  be  used;  (2)  when  a  numerical 
value  of  a  potential  is  given.  Uie  basis  of  the  reference  should  be 
indicated,  with  all  the  details  necessary  for  its  reproduction. 

The  Commission  on  Chemical  Periodicals  reports  the  fol- 
lowing: (1)  The  abbreviations  used  by  Chemical  Abstracts  are 
not  desired.  The  abbreviation  for  the  word  "Japanese"  is 
to  Ijc  "Japan"  and  not  "Jap."  (2)  Various  opinions  concerning 
the  use  of  the  decimal  system  by  the  International  Institute  of 
Bibliography  and  also  the  function  of  the  Oflice  of  Documenta- 
tion were  put  on  record,  {'.i)  All  publications  shall  bear  tlie 
address  of  the  author,  or  of  the  laboratory  where  the  work  was 
done  (4)  All  articles  shall  include  a  synopsis  of  the  article  by 
the  author,  which  will  Ijc  used  for  ab.stracts,  following  the  ex- 
ample of  the  Jnurmtl  of  ItulustrinI  and  Engineering  Chemistry. 

Chemical  Standards — The  operation  of  the  different  national 
institutes  was  regulated.  Particular  interest  was  shown  in  the 
u-se  of  nn.ilv7cil  samples  coming  from  the  I'nited  States  through 
the  Bureau  of  Bruxcllc.  The  Bureau  of  Paris  for  technical 
samples  is  similar  in  function. 

For  therm. nhemical  standards,  benzoic  acid  has  been  adopted, 
as  prepared  by  the  Bureau  of  Standards  of  Washington  and 
through  the  Bureau  of  Bruxellc.  The  value  of  6.324  calories 
115°)  h;»s  l)cen  adopted. 

The  agreement  between  the  .\merican  Committee  on  Critical 
Tables  and  the  International  Committee  on  Annual  Tables  is 
recorded. 


Each  country  shall  bring  to  the  next  Conference  suggestions 
as  to  proper  legislation  concerning  authorized  antiseptic  prod- 
ucts, so  that  the  following  year  a  list  of  antiseptics  may  be 
published  in  each  country.  The  work  of  the  Bureau  of  Agri- 
culture was  mentioned,  and,  as,  in  spite  of  their  conclusions,  the 
use  of  certain  antiseptics  is  permitted  in  the  United  States,  it  is 
requested  that  each  nation  consider  anew  the  possibility  of 
studying  antiseptics. 

The  nomenclature  of  solid  and  gaseous  combustibles,  together 
with  the  analytical  methods  used  for  their  control,  will  be  fixed 
in  each  country,  and  the  results  obtained  will  be  subjected  to  the 
consideration  of  the  next  International  Congress. 

The  Commission  on  Patents  named  a  delegate  to  confer  with 
each  government  for  the  purpose  of  establishing  international 
patents. 

The  Commission  on  Industrial  Hygiene  asked  each  country 
to  bring  to  the  next  Conference  the  results  of  an  investigation  on 
legislation  and  precautions  used  for  the  suppression  of  factory 
dusts  and  fumes. 

The  members  of  the  Conference  visited  all  the  factories  of 
the  Lyons  region.  They  also  heard  three  interesting  papers: 
one  by  Mr.  Vignon,  Professor  at  the  Faculty  of  Science  at  Lyons, 
on  "The  Origin  of  Artificial  Organic  Coloring  Matter;"  and  one 
by  Mr.  Perrin.  on  "The  Actual  State  of  the  Atomic  Theory," 
and  one  on  "Radio-Chemistry." 

The  Bureau  of  the  International  Union  was  reappointed,  as 
follows:  Sir  William  Pope,  President,  Messrs.  Paterno  (Italian), 
Bancroft  (American),  Billman  (Danish),  and  Votocek  (Czecho- 
slovakian). 

The  next  Conference  will  be  held  in  June  1923  at  Cambridge, 
England,  following  the  suggestion  of  Dr.  Charles  L,  Parsons. 
The  Conference  of  1926  will  be  held  at  Philadelphia,  Pa. 

The  Conference  ended  by  the  departure  of  all  the  delegates 
of  the  Union  for  Marseilles,  going  down  the  Rhone  by  boat. 
Congress  of  Marseilles 

At  Marseilles  the  members  of  the  Conference  met  again  the 
members  of  the  National  Congress  of  Chemical  Industry,  and 
began  their  sessions  with  Mr.  Girard  presiding.  I  had  the  honor 
of  presenting  at  this  first  reunion  the  film  on  the  sulfur  industry 
of  the  United  States,  obtained  from  the  Bureau  of  Mines  at 
Washington.  This  film  especially  interested  the  Italian  dele- 
gates as  well  as  those  who  refine  sulfur  in  Marseilles. 

The  Congress  listened  to  an  important  address  by  Mr.  Matig- 
non  on  "The  Actual  State  of  the  Nitrogen  Industry,"  and  one 
by  Mr.  Sabatier.  winner  of  the  Nobel  Prize  in  Chemistry,  on 
"Hydrogenation  of  Oils." 

The  Congress  ended  with  visits  to  all  the  factories  of  the  region 
and  an  excursion  to  the  salt  works  of  Giraud,  where  Ball  ard  dis- 
covered bromine. 

We  had  the  pleasure  of  having  at  the  Conference  and  the 
Congress  a  numl)er  of  American  delegates,  and  we  were  proud  to 
show  them  our  factories  and  weie  honored  by  the  appreciation 
which  they  accorded  to  our  industries. 

July  1,  1922 


Letters  received  from  Dr.  .Vtherton  Seidell,  who  attended 
these  conferences  at  Lyons  and  Marseilles,  are  very  enthusiastic 
in  commendation  of  the  excellent  organization,  even  to  minute 
details,  of  the  meetings,  and  also  in  appreciation  of  the  splendid 
hospitality  shown  the  delegates. 


Aug.,  1922 
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WASHINGTON  NOTES 


Muscle  Shoai.s 

The  Muscle  Shoals  controversy  is  to  be  fotiRht  out  on  the 
floor  of  the  Senate.  There  are  indications  that  the  fiKht  will  be 
a  bitter  one.  The  Senate  Committee  on  Agriculture,  after 
months  of  hearings  and  a  personal  inspection  of  the  whole  Mu.scle 
Shoals  project,  has  failed  to  agree  on  a  majority  report  favoring 
any  of  the  plans  submitted.  The  Henry  Ford  proposal,  which 
received  the  greatest  nmnber  of  votes,  was  rejected  by  a  vote  of 
9  to  7.  The  bill  introduced  by  Chairman  Norris,  providing  for 
operation  of  the  project  by  the  Government,  was  likewise  rejected 
by  a  vote  of  9  to  5.  The  other  offers,  including  those  of  the 
Alabama  Power  Co.,  Frederick  E.  Fngstrum,  and  Dr.  Charles 
L.  Parsons,  were  rejected,  but  without  a  record  vote.  The 
committee  then  agreed  to  submit  two  minority  reports  to  the 
Senate.  Senator  Ladd  will  accordingly  present  a  minority 
report  urging  the  acceptance  of  the  Ford  proposal.  The  bill 
that  he  will  advocate  is  the  same  as  the  Wright  bill,  which  was 
favorably  reported  by  the  House  Committee  on  Military  Affairs 
after  months  of  exhaustive  investigations,  and  is  the  original 
Ford  offer  as  modified  by  the  House  Committee  and  approved 
by  Mr.  Ford.  The  second  minority  report  of  the  committee 
will  be  presented  by  Senator  Norris  and  will  provide  for  a  gov- 
ernment-owned and  controlled  corporation  of  the  entire  Shoals 
project.  Both  reports,  members  of  the  committee  announce, 
will  be  submitted  at  an  early  date. 

When  the  House  reconvenes  the  middle  of  August  it  will  very 
probably  give  prompt  attention  to  the  Muscle  Shoals  situation. 
It  will  be  recalled  that  the  House  was  very  reluctant  to  agree  to 
the  Senate  amendment  appropriating  S7,.SnO,000  for  construction 
work  on  the  Wilson  Dam.  In  the  belief  that  final  decision  would 
be  reached  on  the  Muscle  Shoals  project  prior  to  October  1,  the 
House  finally  agreed  to  the  Senate  amendment,  but  with  the 
proviso  that  the  money,  instead  of  becoming  immediately  avail- 
able, should  not  be  available  until  October  1.  The  Senate,  after 
very  bitter  opposition,  finally  concurred  in  the  House  amend- 
ment. Both  houses  of  Congress  thus  offer  very  fertile  field  for 
debate  on  this  much-mooted  question. 

The  situation  in  brief  is  just  this.  The  committees  in  both 
branches  of  Congress  charged  to  study  and  investigate  this  prob- 
lem have  completed  their  work,  and  have  submitted,  or  will  very 
shortly  submit,  their  findings  to  their  respective  bodies.  In 
other  words,  the  next  move  is  to  fight  the  whole  Shoals  question 
out  on  the  floor  of  the  House  of  Representatives  and  the  Senate 
of  the  United  States.  Just  when  this  fight  will  be  begun  and 
completed  is  a  matter  for  conjecture. 

Joint  Committee  Recommends  St.\ndards  for  Food  Products 

The  Joint  Committee  on  Definitions  and  Standards,  at  a  re- 
cent meeting  in  Washington,  D.  C,  recommended  the  adoption 
of  standards  or  modifications  in  existing  standards  for  condensed 
milk,  evaporated  milk,  concentrated  milk,  butter,  renovated 
butter,  cacao  products,  ginger  ale  flavor,  and  ginger  ale. 

Heretofore  the  decisions  of  the  joint  committee  have  not 
been  published  until  they  were  presented  either  at  the  annual 
meeting  of  the  Association  of  Official  Agricultural  Chemists  or 
of  the  Association  of  American  Dairy,  Food  and  Drug  Officials. 
The  joint  committee  at  its  recent  meeting  authorized  the  chair- 
man to  make  public  at  once  all  affirmative  recommendations; 
because,  in  its  opinion,  the  delay  in  waiting  to  announce  decisions 
until  the  meetings  of  the  associations  often  worked  a  hardship 
on  the  industries  affected. 

Dye  Embargo 
On  July  15  the  Senate,  by  a  vote  of  38  to  32,  rejected  that  por- 
tion   of  the  Tariff  bill  which  provided  for  the  continuation  of 
the  existing  emergency  dye  embargo  for  one  year  after  the  passage 
of  the  bUl.     The  roll  call  on  the  amendment  was  as  follows: 

For  the  Embargo 


Bursum 

Calder 

Curtis 

du  Pont 

Edge 

Ernst 

Fernald 

France 

Frelinghuysen 


Republicans 

Gooding 

Oddie 

Hale 

Pepper 

Jones  (Washington) 

Phipps 

Ladd 

Rawson 

Lenroot 

Shortridge 

Lodge 

Sterling 

McCumber 

Townsend 

McKinley 

Warren 

McLean 

Watson  (Indiana) 

McNary 

WiUis 

Against  tub  Embarc 

Republicans 

Borah 

Kellogg 

Nicholson 

Capper 

Keycs 

Norbcck 

Cummins 

McCormick 

Norris 

Harreld 

Moecs 

Smoot 

Johnson 

Nelson 

Democrals 

Ashurst 

Kcndrick 

Simmons 

Caraway 

King 

Smith 

Culberson 

Oberman 

Stanley 

Dial 

Pomerene 

Swanson 

Fletcher 

Ransdell 

Trammell 

Harris 

Robinson 

Under  wood 

Harrison 

Sheppard 

Walsh  (Massachusetts) 

Heflin 

Shields 

Walsh  (Montana) 

Dillinghan 

Elkins 

Gerry 


Not  Votino 

Jones  (New  Mexico)  Reed 

La  Follette  Spencer 

McKellar  Stanfield 

Myers  Sutherland 

Newberry  Wadsworth 

Owen  Watson  (Georgia) 

Page  Weller 

Pittman  Williams 
Poindcxtcr 


Hitchcock 

But  this  does  not  mean  that  the  dye  embargo  is  lost.  Two 
amendments  have  been  drafted  and  will  be  presented  to  force 
another  vote  in  favor  of  the  embargo  when  the  Committee  of 
the  Whole  reports  the  bill  back  to  the  Senate.  Senator  Freling- 
huysen has  announced  that  at  that  time  he  will  again  present  the 
embargo  provision,  and  Senator  Bursum  is  preparing  an  amend- 
ment to  continue  the  embargo  for  a  year  or  more,  but  with  the 
added  provision  that  the  profits  of  the  dye  manufacturers  in  ex- 
cess of  10  per  cent  be  paid  into  the  United  States  Treasury. 

The  Senate  amendment  to  the  Army  bill  increasing  the  ap- 
propriation for  the  Chemical  Warfare  Service  from  $.500,000 
to  $750,000  was  not  approved  by  the  conferees  and  the  bill  as 
finally  passed  carries  an  appropriation  of  only  S600,000  for  the 
Chemical  Warfare  Service  for  the  fiscal  year  which  began  July  1. 
This  appropriation  will  be  devoted  mainly  to  research  and  de- 
velopment and  for  training  in  defensive  chemical  warfare. 

Mr.  E.  O.  Reed,  who  for  a  number  of  years  has  been  assistant 
chemist  in  the  Leather  and  Paper  Laboratory  of  the  Bureau  of 
Chemistry,  was  transferred  on  Jujy  1  to  the  Government  Print- 
ing Office  as  chief  of  the  new  Testing  Section.  Mr.  Reed  has 
been  detailed  to  the  Government  Printing  Office  since  February 
1922  to  assist  in  organizing  the  testing  work.  The  purpose  of 
the  laboraton,'  is  to  test  the  supplies  furnished  to  the  Govern- 
ment Printing  Office  on  contract  and  conduct  plant  research 
work.  

The  Division  of  Dehydration  of  the  Bureau  of  Chemistry  has 
been  transferred  to  Los  Angeles,  and  combined  with  the  other 
work  of  the  Bureau  at  that  point,  with  Mr.  E.  M.  Chace  in 
charge.  All  the  people  who  were  connected  with  this  investi- 
gation in  Washington  have  been  transferred  to  Los  Angeles. 
The  change  was  made  because  so  many  of  the  products  utilized 
in  dehydration  are  grown  on  the  Pacific  Coast,  and  also  because 
it  was  believed  to  be  advisable  from  an  economical  standpoint 
to  combine  the  work,  since  Mr.  Chace  has  organized  a  laboratory 
for  studying  the  utilization  of  fruits  and  vegetables. 

The  cooperative  arrangement  between  the  Central  of  Georgia 
Railway  Company  and  the  Bureau  of  Mines,  whereby  $6000  is 
made  available  for  continuing  the  investigation  of  Georgia  clays 
and  bauxites  has  been  continued.  This  is  the  second  year  of  the 
cooperative  agreement.  The  first  year's  work  proved  to  be 
very  interesting  and  records  a  new  method  of  piu-ification  of  the 
clays  for  use  in  white  ware  and  also  the  possibility  of  the  use  of 
certain  Georgia  clays  for  refractories. 

Dr.  J.  A.  Ambler  has  been  appointed  chemist  in  charge  of 
the  Color  Laboratory  of  the  Bureau  of  Chemistry.  With  the 
exception  of  a  few  months.  Dr.  Ambler  has  been  acting  chief  since 
Dr.  H.  D.  Gibbs  resigned  about  three  years  ago. 

Dr.  F.  P.  Veitch  of  the  Bureau  of  Chemistrj'  has  been  appointed 
by  the  Secretary  of  Agriculture  as  a  member  of  the  special  com- 
mittee on  government  paper  specifications.  This  committee 
will  prepare  and  submit  to  the  Congressional  Joint  Committee 
on  Printing  specifications  for  paper  for  public  printing  and 
binding. 
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Personals 


Industrials 


The  Franklin  Institute  has  awarded  to  Prof.  Eugene  C.  Bing- 
ham of  Ufayette  College  its  Certificate  of  Merit  for  his  Improved 
Variable  Pressure  Viscometer. 

Dr.  Robert  Calvert,  formerly  a  laboratory  director  for  E.  I. 
duPont  de  Nemours  &  Co.,  and  later  of  the  University  of  South- 
em  California,  is  now  employed  by  the  Celite  Products  Co.,  as 
research  engineer  in  charge  of  tlieir  laboratory  at  Lompoc,  Cal. 

Dr.  Paul  M.  Giesy,  formerly  with  the  Calco  Chemical  Co., 
Bound  Brook,  N.  J.,  is  now  research  chemist  with  E.  R.  Squibb 
&  Sons,  at  their  Brooklyn  plant. 

Mr.  Arthur  Grounds,  formerly  chief  chemist  to  the  Sun  Co., 
Ltd.,  Swansea,  is  now  associated  as  consulting  chemist  with 
Mr.  Harold  Moore  in  Manchester,  England. 

Mr.  Heru7  W.  Hess,  consulting  chemist  of  Toledo,  specializing 
in  the  glass  industry  and  in  the  adaptation  of  special  fuels  to 
special  purposes,  lias  gone  to  England  on  an  important  problem 
relative  to  the  production  of  the  Osram  lamp. 

At  a  recent  meeting  of  the  Board  of  Directors  of  the  Air  Re- 
duction Co.  ,Inc.,  Dr.  Floyd  J.  Metzger  was  elected  vice  presi- 
dent in  charge  of  research  and  development. 

Mr.  E.  A.  Wilson,  director  of  the  PyTalin  Research  Laboratory 
of  E.  I.  duPont  de  Nemours  &  Co.,  is  resigning  to  engage  in  the 
practice  of  chemical  engineering. 

Dr.  J.  W.  Turrentine,  formerly  director  of  the  Experimental 
Kelp-Potash  Plant  of  the  U.  S.  Department  of  Agriculture  at 
Summerland,  Calif.,  has  obtained  furlough  from  the  Depart- 
ment for  a  perio<l  of  six  months  to  act  as  consulting  chemist  for 
the  U.  S.  Kelp  Products  Corporation,  the  newly  organized  con- 
cern which  has  purcliased  the  government's  plant  and  is  now 
proceeding  with  the  manufacture  of  kelp  products. 

Mr.  C.  E.  Betz  has  been  appointed  chief  chemist  of  tlie  Pitts- 
burgh Testing  Laboratory.  Mr.  Mercer  B.  Mayfield,  Jr.,  is  to 
succeed  Mr.  Betz  as  chemist-in-charge  of  the  New  York  Labora- 
tory of  tlie  company. 

Dr.  Elbert  C.  Lathrop  has  severed  his  connection  with  E.  I. 
duPont  de  Nemours  &  Co.,  Inc.,  Wilmington.  Del.,  to  become 
vice  president  and  treasurer  of  Samuel  P.  Sadtler  &  Son,  Inc., 
Philadelphia,  Pa.  Dr.  Lathrop  will  devote  his  entire  time  to 
consulting  work  and  to  the  study  of  industrial  engineering 
problems. 

B4r.  R.  E.  Zimmerman,  fprmerly  director  of  the  research 
laboratory  of  the  American  Sheet  &:  Tin  Plate  Co.,  has  been 
made  assistant  to  Uic  vice  president.  Mr.  J.  W.  Whetzel, 
formerly  research  associate,  has  been  appointed  manager  of  the 
research  laboratory,  and  Mr.  E.  S.  Taylerson,  formerly  physicist, 
is  now  assistant  director. 

Mr.  Theodore  F.  Bradley  has  left  the  Sherwin-Williams  Com- 
pany to  become  chemist  for  tlie  Mica  Insulator  Co.,  Schenectady, 
N.  V. 

Mr.  T.  G.  Greaves  has  resigned  his  position  as  chemist  of  the 
American  Dycwood  Company's  Mobile,  Ala.,  plant  to  become 
chemist  of  llic  International  Cotton  Protecting  Co.,  Mobile. 

Mr.  R.  L.  Howard,  associate  professor  of  chemistry  in  the 
Medical  College  of  Virginia,  has  been  awarded  the  Research 
Fellowship  in  Pharmacology  at  Western  Reserve  University. 

Dr.  G.  F.  Reddish  lia.s  Ix-en  elected  associate  professor  of 
bacteriology  at  the  Medical  College  of  Virginia. 

Dr.  Paul  A.  Warren  has  been  elected  professor  of  botany. 
School  of  Pharmacy,  Medical  College  of  Virginia. 

Mr.  G.  G.  CrewBon  has  resigned  the  jilant  managership  of  the 
Refractory  F'roducts  Corporation  plant  at  Index,  Va.,  to  be- 
come associated  with  Uie  engineering  staff  of  the  National 
Aniline  &  Chemical  Co.,  Buflalo,  N.  V. 

Mr.  Austin  Bailey  has  resigned  his  position  as  assistant  pro- 
fessor of  physics  ill  Kansas  University  to  accept  a  position  in 
the  Radio  Department  of  the  American  Telephone  &  Telegraph 
Co.,  New  V'lrk  City. 

Mr.  C.  W.  Crowell  has  resigned  as  chemist  of  the  California 
&  Hawaii.'in  Sugar  Company  to  accept  a  position  as  superin- 
tendent of  Uie  Rochciter  Germicide  Co.,  Rochester,  N.  V. 

Prof.  Charles  S.  Bisson  has  left  the  South  Dakota  School  of 
Mines  to  take  charge  of  the  Department  of  Chcmistrv  at  the 
Northern  Branch  of  the  University  of  California,  Davis,  Calif. 


A  research  fellowship  of  $1000  for  the  study  of  the  chemistry 
of  the  tubercle  bacillus  has  been  given  to  Yale  University  by  the 
National  Tuberculosis  Association.  The  funds  will  be  used  to 
support  research  in  the  subject  now  being  conducted  by  Prof. 
Treat  B.  Johnson  and  Dr.  E.  B.  Brovni. 

E.  I.  duPont  de  Nemours  &  Company  announce  that  they 
have  developed  and  placed  on  the  market  a  new  dye  to  be  known 
as  Pontachrome  Bro\vn  SW,  which  may  be  used  on  woolen 
goods,  either  as  a  self  shade  for  producing  full  rich  browns  or  as 
base  for  the  production  of  a  pleasing  range  of  dark  brown  shades, 
and  which  is  especially  suitable  for  suitings  containing  unre- 
sisted silk  effects. 

At  a  meeting  of  the  directors  of  the  Heyden  Chemical  Company 
of  America,  held  June  27,  the  following  officers  were  elected: 
President,  Bernard  R.  Armour;  vice  president,  James  Branegan; 
chairman  of  the  board,  Frederick  Chamberlain ;  directors,  Bernard 
R.  Armour,  George  L.  Armour,  James  Branegan,  William  Week- 
man,  S.  S.  Theil,  and  Mr.  Smith. 

■While  in  1912  about  2,500,000  lbs.  of  artificial  silk  were  used 
in  this  coimtry,  nearly  20,000,000  lbs.  were  used  in  1921.  The 
domestic  production  of  this  material  increased  from  almost  noth- 
ing in  1910  to  nearly  20,000,000  lbs.  in  1921,  or  about  50  per  cent 
as  much  as  the  total  consumption  of  natural  silk  for  the  same 
year.  Before  1915  over  75  per  cent  of  the  artificial  silk  was  used 
in  the  manufacture  of  hosiery,  while  now  only  about  40  per  cent 
is  so  used. 

The  Combustion  Engineering  Corporation  has  issued  in  pam- 
phlet form  a  paper  on  "Powdered  Coal  Application  to  Four 
2640-H.  P.  Boilers,"  which  was  presented  before  the  Engineers' 
Society  of  Western  Pennsylvania  in  1921  by  H.  D.  Savage. 

The  Electric  Furnace  Construction  Co.,  of  Philadelphia,  Pa., 
has  announced  the  appointment  of  the  following  officers;  Presi- 
dent, Frank  Hodson;  vice  president  and  treasurer,  P.  H.  Falter; 
\'ice  president  and  counsel,  Arthur  G.  Dickson;  new  directors, 
John  Gilbert,  Wm.  A.  Webb,  and  T.  H.  Weisenburg. 

The  Swenson  Evaporator  Company  has  become  a  subsidiary 
of  the  Whiting  Corporation  of  Harvey,  111. 

The  Nordmont  Chemical  Co.,  Nordmont,  Pa.,  manufacturer 
of  charcoal,  wood  alcohol,  and  by-products,  has  been  sold,  and  is 
to  be  dismantled  as  soon  as  the  supply  of  chemical  wood  on 
hand  has  been  exhausted. 

The  National  Aniline  &  Chemical  Co.,  Inc.,  has  just  issued  its 
customary  booklet  of  Dyer's  Formulas  for  the  fall  season  shade 
card,  issued  by  the  Textile  Color  Card  ."Association.  Formulas 
are  given  for  dyeing  on  skein  silk  under  each  one  of  the  same 
established  by  the  Association,  and  following  this  a  similar 
treatment  is  given  the  formulas  for  dyeing  cotton,  this  being 
divided  into  three  methods:  for  light  shades  secured  by  direct 
dyes  on  cotton,  for  medium  and  dark  shades  secured  by  direct 
dyes  on  cotton,  ami  for  basic  dyes  on  cotton  with  tannic  acid. 
Acid  colors  on  wool  and  chrome  dyes  on  wool  are  next  treated, 
as  well  as  leather  dyeing  in  two  methods,  viz.,  one  for  dyeing 
100  lbs.  of  chrome  tanned  leather,  and  the  other  for  dyeing  100 
sq.  ft.  of  vegetable  tanned  leather. 

The  Brown  Instrument  Co.,  Philadelphia,  Pa.,  has  published 
a  new  resistance  thermometer  catalog,  which  explains  the  theory 
of  resistance  thermometry,  the  various  types  of  instruments 
which  are  made,  the  merits  of  each  type,  and  the  field  covered 
by  these  instruments.  It  is  claimed  that  for  installation  where 
extreme  accuracy  is  required  within  a  very  small  range  of  temper- 
ature, the  electrical  resistance  thermometer  is  the  best  instrument 
yet  produced. 

The  Schutte  &  Koerting  Co.,  Philadelphia,  Pa.,  has  issued  a 
new  catalog  describing  mechanical  fuel  oil  burning  systems  and 
fuel  oil  burners  in  which  the  oil  is  atomized  by  low  or  high  pres- 
sure air  and  steam.  It  discusses  the  installations,  operation 
and  maintenance  of  oil  burning  equipment,  its  characteristics, 
requirements  and  functions,  the  relative  merits  of  mechanical 
and  spray  oil  burners,  the  design,  purpose  and  operation  of  air 
control  registers,  oil  pumping  outfits,  duplex  oil  strainers  and 
fuel  oil  heaters,  the  general  requirements  of  steam  boiler  furnaces 
for  burning  oil,  operation  and  inspection  of  the  system,  lighting 
the  fires,  air  for  combustion,  indication  of  satisfactory  operation, 
number  and  arrangement  of  burners,  effects  of  carbon  deposits 
and  soot,  etc. 
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Catalytic   Action.      By     K.     George     Falk.     The     Chemical 
Catalog  Co.,  Inc.,  New  York.     171  pp.     Price,  $2.50  net. 

This  is  a  continuously  readable  and  interesting  review  of  the 
subject.  While  the  author  has  covered  the  whole  field  from 
the  history,  in  "General  Views,"  to  visions,  in"  Life  Processes," 
he  has  kept  constantly  in  mind  a  useful  conception  of  one  way 
in  which  catalytic  reactions  may  occur.  Whether  they  all 
actually  occur  in  that  way  is  much  less  important  than  the  fact 
that  the  reader  is  given  an  interesting  and  up-to-date  picture 
of  the   subject. 

To  his  mind,  all  catalyses  may  involve  a  combination  or  "addi- 
tion" of  all  the  different  substances  present  and  a  subsequent 
decomposition  into  the  final  products,  his  criterion  of  catalysis 
being  that  the  "composition  of  one  of  the  initial  substances  is 
the  same  as  that  of  one  of  the  end-products."  In  this  way  he 
includes  what  has  been  called  negative  catalysis  and  visualizes 
catalytic  reactions  in  which  there  is  no  actual  change  in  velocity. 
He  has  not  hesitated  to  describe,  in  a  chapter  on  "Recent  Theo- 
ries," most  of  the  various  attempts  to  use  absorption  of  radiant 
energy  in  chemical  reactions,  and  he  discusses  the  modern  papers 
of  Einstein,  McLewis,  Tolman,  Langmuir,  Dushman,  Baly, 
etc.  He  shows  how  the  work  of  Stieglitz  on  imido  esters  con- 
tributes to  recent  advance.  The  presence  of  acid  accelerates 
the  hydrolysis  or  decomposition,  because  these  esters  are  very 
weak  bases  which  form  highly  ionized  salts.  The  ion  concen- 
tration determines  the  velocity,  and  this  catalysis  thus  comes 
under  concentration-effects.  It  is  natural  to  want  to  apply 
such  information  to  the  catalysis  by  eiuymes  and  to  the  many 
complicated  cases  in  which  the  hydrogen  or  hydroxyl-ion  con- 
centration so  enormously  affects  the  different  enzymes.  The 
author  here  points  out  the  present  incomplete  state  of  this  part 
of  the  subject;  yet  he  arouses  in  the  reader  an  interest  in  recent 
research  work,  such  as  that  of  Loeb,  on  proteins  and  colloid 
behavior. 

In  the  chapter  on  "Contact  Catalysis,"  the  thought  is  induced 
in  the  reader's  mind  that  through  further  application  of  the 
studies  of  physical  or  chemical  reactions  at  surfaces,  a  new  story 
of  general  catalysis  may  be  sought.  Adsorption  has  become 
chemical  reaction  in  a  plane,  and  here  other  reactions  may  occur. 
They  are  all  based  on  electronic  or  magnetic  field  effects,  so 
the  application  of  the  resulting  laws  and  statistical  atomic  me- 
chanics to  three  dimensions,  or  mass-action,  seems  foreshadowed. 

The  gradual  application  of  the  results  of  study  of  surface 
catalysis  in  processes  where  the  colloidal  state  of  a  reagent  is 
eN-ident,  and  then  to  such  less  obviously  heterogeneous  reactions 
as  enzyme  catalysis,  is  now  to  be  expected,  and  the  applications 
to  cases  of  simple  solutions  should  follow. 

I{ach  of  the  eight  chapters  is  an  interesting,  instructive  entity. 

The  author  refers  liberally  to  the  recent  literature,  and  he 
summarizes  for  the  general  chemist  the  present  state  of  knowl- 
edge, even  where  he  is  obliged  to  point  out  its  incompleteness. 

My  own  feeling,  on  finishing  this  book,  was  that  the  author 
had  seen  in  Langmuir's  work  the  opening  wedge  to  much  new 
physical  chemistry  which  is  fundamental  to  catalysis.  I  should 
like  to  read  the  book,  which  he  or  another  will  doubtless  later 
\vrite  on  the  subject,  beginning  where  he  now  leaves  off,  "Contact 
Catalysis."  This  book  will  probably  begin  with  the  simple 
chemical  reactions  in  molecular  layers,  with  due  deference  to 
the  physical  or  electrical  structures  which  we  have  for  years 
attributed  to  different  molecules  without  apparently  believing 
that  they  practically  or  pragmatically  exist 
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Sewerage  and  Sewage  Treatment.  By  Haroi.u  K.  Bahhitt. 
Assistant  Professor  Municipal  and  Sanitary  Engineering, 
University  of  Illinois.  512  pp.,  186  figs.,  103  tables.  John 
Wiley  &  Sons,  Inc.,  New  York.  1922.     Price,  S5.00  net. 

The  author  states  that  this  book  is  a  development  of  classroom 
and  lecture  notes,  prepared  for  use  in  his  classes  at  the  University 
of  Illinois.  It  covers  both  sewerage  and  sewage  treatment,  much 
the  same  ground  as  does  the  abridgment  of  Metcalf  and  Eddy's 
treatise,  recently  published. 

In  its  plan,  the  book  is  well  adapted  to  teaching  and  will  serve 
as  a  reference  book  for  practicing  engineers.  Among  the  subjects 
which  the  reader  will  be  pleased  to  find  treated  are  pumps  and 
pumping  stations,  contracts  and  specifications,  to  which  21  pages 
are  devoted,  and  the  newer  processes  of  sewage  disposal,  even 
including  a  section  on  electrolytic  treatment,  the  focus  of  so  many 
trials  and  the  producer  of  so  few  results  in  practice. 

The  arrangement  of  the  book  is  excellent,  and  the  e.xamples  from 
practice  are  well  suited  to  instruction.  Particularly  instructive 
are  the  chapters  on  sewer  design  and  construction  and  those  on 
sedimentation  and  trickling  filters.  It  is  unfortunate  that  in  a 
book  intended  for  students  there  should  be  so  many  arithmetical 
errors.  Examples  of  this  are  on  pp.  56,  130,  and  202,  but  there 
are  others  which  need  correction. 

Ten  pages  of  the  book,  or  one-sixteenth  of  the  space  devoted  to 
sewage  treatment,  are  devoted  to  sludge  disposal.  The  failure  to 
devote  more  space  to  this,  the  most  important  part  of  sewage 
treatment,  is  not  peculiar  to  the  author,  but  is  in  line  with  the 
development  of  sewage  disposal  methods,  which,  as  is  well  known, 
pay  chief  attention  to  the  hquid  portion  of  the  sewage. 

The  book  would  gain  in  value  if  more  attention  were  paid 
to  the  treatment  of  industrial  wastes,  a  matter  of  growing  impor- 
tance, particularly  in  the  region  between  the  Penobscot  and  the 
Potomac,  and  in  portions  of  the  Middle  West. 

The  book  can  be  recommended  to  any  student  of  the  sanitary 
arts,  even  those  who  have  graduated  into  engineering  practice. 

R.  S.  Weston 

Dyes    Classified    by    Intermediates.     By  R.  Norris  Shreve, 

with  the  collaboration  of  W.  N.  Watson  and  A.  R.  Willis. 
631  pp.  The  Chemical  Catalog  Co.,  Inc.,  New  York,  1922. 
Price,  $10.00. 

The  justification  for  any  scientific  book  is  the  need  it  fills  in 
research,  manufacture,  and  conmierce.  From  this  standpoint, 
Mr.  Shreve  has  succeeded  in  placing  before  the  public  a  book  which 
is  unique  because  it  fills  a  need  which  no  other  book  known  to  the 
■KTiter  has  attempted  to  fill.  There  is  probably  no  large  dyestuffs 
manufacturer  in  America  who  has  not  been  forced  to  face  the 
problem  of  orientation  in  installing  and  operating  intermediate 
plants.  The  proper  correlation  of  intermediate  and  dyestuffs 
manufacture  with  the  ultimate  needs  of  the  consuming  industries 
lies  at  the  root  of  the  successful  development  of  the  American 
dyestuiffs  industry.  Any  compilation  of  facts  which  aids  in  the 
establishment  of  such  correlation  is  of  first  aid  to  the  industry, 
and,  irrespective  of  its  scope,  will  be  welcomed  because  it  fills  a  real 
need. 

In  the  matter  of  intermediate  nomenclature,  Mr.  Shreve  has 
elected  to  steer  a  middle  course  between  the  scientific  system 
sanctioned  by  Chemical  Abstracts,  and  the  popular  or  "trivial" 
nomenclature  common  to  manufacturing  and  commercial  parlance. 
For  example,  the  data  for  8-amino-l-naphthol-3,6-disulfonic  acid 
arc  given  imder  "H-Acid,"  with  cross  indexing  imder  the  scientific 
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name.  For  technical  and  commercial  use,  this  is  no  doubt 
justifiable,  but  may  retard  the  adoption  of  that  pure  scientific 
nomenclature  for  which  the  author  pleads  in  his  introduction. 
In  the  glossary  of  dyestuffs  of  German  and  Swiss  origin,  it  is 
unfortunate  that  all  the  current  American  and  English  marks 
were  not  included. 

A  careful  review  of  the  dyes  listed  under  each  intermediate  re- 
veals the  fact  that  to  each  dye  is  assigned  a  "Schultz"  number. 
The  l)Ook  is  therefore  an  inverted  "Schultz  Tabellen."  As  is  well 
known,  many  important  commercial  types  are  not  listed  in  Schultz, 
becau.se  the  comixwilion  of  such  dyes  is  a  commercial  secret.  If 
any  one  of  these  "unknown"  dyes  had  been  included  in  the  new 
classification  by  intermediates,  it  would  have  been  impossible  to 
assign  a  Schultz  munber  to  it.  We  are  hence  forced  to  conclude 
that  Mr.  Shreve's  book  is  primarily  a  retabulation  of  Schultz  data, 
with  several  valuable  additions,  such  as  the  American  import  and 
manufacturing  statistics,  the  intermediate  formulas  and  glossary, 
the  methods  of  formation  of  intermediates,  and  new  literature 
references.  Even  with  such  limitations,  the  Ixxjk  should  find  a 
wide  field  of  usefulness. 

The  lKx>k  is  well  arranged,  and  both  the  author  and  the  pub- 
lishers arc  to  \k  congratulated  on  the  general  appearance  and  clear 
typographic  work. 

Charles  L.  Reese 


A  Textbook  of  Chemical  Engineering.  By  Edward  Hart, 
I'll  D.  Niv  -(-  211  pp.  2nd  edition.  The  Chemical  Publish- 
ing Co.,  Easton,  I'a.,  1922.     Price.  S4.00. 

In  the  preface  to  the  first  edition  the  author  writes,  "If  future 
editions  should  be  called  for  I  hope****to  prepare  a  much  better 
treatise  on  the  subject."  The  second  edition  has  appeared  and 
diflcrs  but  little  from  the  first.  In  the  preface  to  tlie  second 
edition,  Dr.  Hart  states.  "As  in  the  first  edition,  I  have  obtained 
considerable  information  not  otherwise  obtainable  from  the 
manufacturers  of  apparatus  whose  names  are  mentioned  in  the 
text."  This  statement  is  truly  indicative  of  much  of  the  reading 
matter  offered  in  the  iMjok. 

There  can  Ijc  no  objection  to  the  proper  use  of  information 
gleaned  from  manufacturers  of  apparatus,  but  there  is  an  obvious 
danger  in  using  such  information  in  a  textbook  for  the  chemical 
engineering  student  unless  the  information  is  accompanied  by  a 
discussion  of  the  principles  involved  and  of  the  relative  advan- 
tages of  the  different  types  of  apparatus. 

We  find  that  Chapter  I  offers  a  net  total  of  15  pages  on  mate- 
rials, including  iron,  steel,  various  ferrous  and  nonferrous  alloys, 
as  well  OS  glass,  silica,  stoneware,  cement,  paints,  etc.  Chapter 
II,  on  corrosion,  is  allowed  5  pages,  two  of  which  are  tables  and 
one  of  which  complains  of  the  "paucity  of  information"  and 
"obstacles  to  publication."  Chapter  III  is  entitled  "Lwation 
of  Works."  Chapter  IV  totals  3  pages  on  industrial  manage- 
ment. Chapters  \'  and  VI,  on  Boilers  and  Prime  Movers, 
respectively,  might  well  Ik  replaced— such  subjects  are  proix;rly 
covered  in  mechanical  engineering  textbooks.  Chapters  VII 
and  \III.  on  plumbing  and  on  pumps,  might  have  been  made 
very  vnUinble  for  the  chemical  engineer. 

The  following  chapters  (IX  to  XXI)  take  up  succeswively  some 
of  the  unit  ojieralions  in  chemical  engineering  practice,  viz., 
crushing,  mechanical  handling  of  materials,  dissolving,  filtration, 
tanks.  cvniKiralion.  crystallization,  drying,  distillation,  ab- 
sorption of  Kuscs,  mixing  and  kneading,  autoclaves,  and  containers. 

Of  the  total  211  jmges  i)f  material  offered  in  Dr.  Hart's  text- 
book. .1  an  allotted  to  index,  and  110  to  cuts  and  illustrations 
mostly  available  in  trade  catalogs.  The  remainder  of  the 
text  is.  In  general,  descriptive,  and  very  little  attempt  is  made  to 
discuss  fundamentals  or  ImisIc  principles. 

R.  S.  Tour 


Practical  Tanning.  By  Allen  Rogers,  Ph.D.  23  X  15  cm. 
xxvi  -f  6!t9  pp.,  124  figs.  Henry  Carey  Baird  Co.,  Inc., 
28  West  4oth  St.,  New  York.     Price,  $10.00  net. 

This  book  is  "partly  based  on  the  third  edition  of  'Practical 
Tanning'  by  Louis  A.  Flemming"  and,  as  its  title  indicates,  is 
concerned  almost  entirely  with  the  practical  details  of  the  con- 
version of  hides  and  skins  into  leather.  The  description  of  proc- 
esses is  full  and  complete,  and  the  tanner  will  find  a  great  num- 
ber of  recipes  and  formulas  from  which  to  choose.  There  are 
occasional  slips,  c  g.,  roller  leather  is  very  rarely  "made  from 
lambskins;"  sheep  are  used  almost  exclusively  (p.  231).  In 
quoting  from  English  sources  the  author  has  failed  to  correct  for 
the  difference  between  the  Imperial  and  the  American  gallon. 
Omissions  which  should  be  rectified  are  the  recent  mechanical 
methods  in  liming  and  the  utilization  of  by-products. 

The  chemist  wishing  to  understand  the  mechanism  of  the  proc- 
esses will  find  only  the  barest  discussion  of  principles,  and  then 
often  in  so  general  terms  as  to  be  misleading.  The  descriptions 
of  the  formation  of  sodium  hydroxide  by  electrolysis  of  the 
chloride  (pp.  85  to  86)  and  of  the  theory  of  chrome  tanning 
(pp.  198  to  201)  are  confusing,  and  the  theory  of  arsenic  limes 
is  scarcely  in  accord  with  the  classic  research  of  Stiasny. 

Analytical  methods  occupy  80  pages  and  comprise  those  in 
general  use  in  this  country.  Some  discussion  of  water  softening 
should  have  been  included  and  also  a  l^rief  description  of  recent 
analytical  methods,  those  of  W.  R.  Atkin  and  co-workers  for 
lime  liquors,  Wilson  and  Kern  for  tannin,  and  A.  W.  Thomas  for 
free  mineral  acid  in  leather. 

The  book  is  well  printed  on  good  paper,  there  are  only  a  few 
misijrints,  ami  the  illustrations  of  tannery  processes  are  refresh- 
ingly modern. 

F.  L.  Seymour-Jones 

Modern  Gas  Works  Practice.  By  Alwyne  Meade.  815  pp. 
Published  l)y  Bonn  Brothers,  Ltd.,  London,  1921.  Price, 
.5.5s.  net. 

The  second  edition  of  this  excellent  English  review  of  the  gas 
art  is  considerably  larger  than  the  first.  Chapters  on  high  tem- 
perature measurement,  naphthalene,  and  the  complete  gasifica- 
tion of  coal  have  been  added. 

The  portions  of  the  book  devoted  to  coal  gas  have  received 
the  greatest  attention  and  the  detailed  descriptions  of  the  va- 
rious modern  types  of  carbonizing  plant  should  prove  extremely 
valuable  to  all  gas  engineers.  The  chapter  on  the  complete  gas- 
ification of  coal  is  the  first  concise  review  of  a  problem  that  prom- 
ises to  be  of  greater  importance  in  the  near  future. 

The  author  has  added  a  considerable  number  of  literature  ref- 
erences that  were  entirely  lacking  in  the  first  edition.  In  view  of 
the  completeness  of  the  work,  it  is  rather  curious  that  practically 
no  mention  is  made  of  methods  of  metering  the  gas. 

From  an  American  viewpoint,  there  are  a  number  of  matters 
that  have  not  been  covered.  The  statement  that  "water  gas 
must  be  looked  upon  essentially  as  an  auxiliary  to  coal  gas"  will 
.sound  rather  curious  to  American  readers,  as  will  the  statement 
that  "Humphrey  and  Glasgow  developed  and  improved  the  Lowe 
apparatus  for  the  manufacture  of  water  gas." 

Air  meters  on  water-gas  sets,  we  are  told,  arc  a  luxury  and  the 
automatic  control  of  water-gas  api)aratus  which  has  been  so 
successfully  used  in  America  has  apparently  not  reached  England. 

In  view  of  the  general  high  standard  of  the  work  with  the  ex- 
cellent illustrations  and  typographical  work,  these  are  probably 
minor  criticisms.  In  general,  the  author  is  far  happier  in  his 
discussion  of  the  engineering  features  of  the  design,  construction, 
and  operation  of  the  apparatus  than  in  his  discussion  of  the  the- 
oretical considerations.  It  is  to  be  regretted  that  we  have  no 
book  covering  American  practice  in  this  same  fashion. 

W.  H.  I'ulwEilER 


Alls;., 


77/A;  JOCh'XM.  or  IXDUSTRIAL  AXD  ENdlXEERING  CHEMISTRY 


COMMERCE  REPORTS 


Notice — Cnmmcrii-  Rtfiorls  are  rceiiril  by  all  lariic  libraries  and  may  (>■ 
consulleil  Ihtre,  or  iinglf  numbers  can  be  secured  by  applicalionjo  Ihe  liureai 
of  Foreign  and  Domestic  Commerce,  Department  of  Commerce,  Washington 
D,  C.  The  regular  subscription  rate  for  these  Commerce  Reports 
weekly  is  $3.00  per  year  (JO  cents  per  single  copy),  payable  in  advance  to  ttu 
Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C 


led 


June 

The  schedule  of  prices  for  nitrate  fixed  by  ihe  Chilean  Nitrate 
Producers  Association  for  the  year  which  began  July  1  is  con- 
siderably lower  than  for  last  year.     (P.  594) 

There  is  a  slow  but  steady  improvement  in  the  output  of  crude 
oil  in  the  Baku  fields  but  the  Grozny  fields  show  a  decrease  in 
production.     (P.  619) 

There  is  on  file  at  the  Fuel  Division  of  the  Bureau  of  Foreign 
and  Domestic  Commerce  a  complete  list  of  the  petroleiun  wells 
drilled  in  the  Panuco  section  of  the  Tampico  oil  district,  up  to 
September  1,  1921.      (P.  620) 

The  production  of  crude  and  refined  petroleiun  in  Italy  during 
the  year  1920  was  as  follows:  Crude  petroleum,  4937  metric 
tons;  mineral  oil,  1,506  metric  tons;  light  oil,  S'.US  tons;  refined 
petroleum,  14.35  tons;  gasoline,  1563  tons;  naphthalene,  15 
tons.     (P.  620) 

The  report  comes  from  Afghanistan  that  some  very  important 
petroleum  deposits  have  been  discovered  there.     (P.  620) 

In  order  to  expedite  customs  clearance  in  Egypt  shippers  of 
varnish  containing  alcohol  are  requested  to  indicate  clearly  in 
the  invoices  the  percentage  of  alcoholic  content  in  the  varnish; 
whether  or  not  the  alcoholic  content  is  denatured,  and,  if  so,  the 
character  and  percentage  of  each  denaturant.     (P.  641) 

The  existence  of  petrol  in  the  Lake  Albert  region  of  Africa 
has  been  reported.     (P.  670) 

It  is  reported  that  oil  has  been  struck  on  the  government 
boring  at  D'Arcy,  near  Dulkeith,  in  Scotland,  and  that  there  is 
prospect  of  a  considerable  production.     (P.  670) 

Selling  prices  on  gasoline  and  kerosene  in  Pemambuco  have 
been  driven  down  below  cost  by  reason  of  competition  between 
large  importing  companies.     (P.  670) 

According  to  a  recent  Egyptian  decree,  the  former  provision 
allowing  exemption  from  excise  duty  on  alcohol  exclusively 
destined  for  scientific,  medical,  or  pharmaceutical  use  at  the 
discretion  of  the  Minister  of  Finance,  is  aboUshed.     (P.  710) 

According  to  a  Swedish  royal  decree  dated  April  21,  effective 
April  23,  1922,  an  import  duty  of  2  crowns  per  kilo  is  levied  on 
bleached  artificial  silk  other  than  that  put  up  in  small  retail 
packages  for  retail  sale.  Bleached  artificial  silk,  formerly  ad- 
mitted free  of  duty,  is  now  dutiable  at  the  same  rate  as  dyed 
artificial  silk.     (P.  711) 

The  Bureau  of  Foreign  and  Domestic  Commerce  has  received 
a  translation  of  the  recent  law  pertaining  to  the  registration  of 
patents,  designs,  industrial  models,  and  trade-marks  in 
Jugoslavia.      (P.  713) 

Extensive  deposits  of  rock  phosphate  are  believed  to  be  avail- 
able on  the  Island  of  Panay,  Philippine  Islands.  Accessible 
supplies  of  phosphate  would  be  of  great  value  to  the  Philippine 
sugar  industn,',  and  the  Bureau  of  Science  has  started  investiga- 
tion along  this  line.      (P.  721) 

A  new  process  for  cleaning  kauri  gum  has  been  devised  in 
New  Zealand  which  produces  a  product  98  per  cent  pure  as 
against  80  to  85  per  cent  in  other  processes.  It  is  estimated 
that  this  new  process  will  cut  the  cost  $15  per  ton.     (P.  721) 

There  is  an  opportunity  for  the  United  States  to  profit  by  the 
Japanese  demand  for  paraffin  and  stearin,  pro\ided  American 
manufacturers  and  exporters  are  able  to  meet  the  prices  placed 
upon  their  products  by  manufacturers  in  Burma,  Sumatra,  and 
Australia.     I  P.  721) 

The  fertilizer  industry  and  market  in  South  Africa  are  reviewed 
(Pp.  723-4) 

The  petroleum  trade  and  industry  of  Czechoslovakia  are  de- 
scribed. Apparently,  the  participation  of  American  companies 
in  the  Czechoslovakian  oil  trade  in  the  future  will  depend  upon 


their   al)ility   to  compete   in   price   with   similar     products   from 
neighl)oriiig  countries.      (P.  736) 

Opportunities  for  American  exporters  of  refined  paraffin  wax 
and  stearin  in  western  Greece  seem  to  be  improving.     ( P.  738) 

The  hold  on  the  artificial  leather  market  of  Chile  which 
American  exporters  gained  during  the  World  War  is  fast  disap- 
pearing before  the  influx  of  a  superior  product  from  Great 
Britain.     (Pp.  7.57-8) 

Every  eflort  is  being  made  in  France  to  discover  new  material 
with  which  to  manufacture  paper  pulp,  and  with  this  in  view  a 
new  company  has  been  organized  for  the  purpose  of  producing 
paper  pulp  from  plants  and  especiallv  from  esparto  or  alfa  grass. 
(P.  765) 

A  company  in  Brazil  is  preparing  to  produce  paper  from  straw 
and  parana  pine  and  will  manufacture  chemical  wood  pulp  for 
the  purpose.  This  is  said  to  be  the  first  concern  in  South  America 
to  produce  chemical  wood  pulp  for  paper  making.     (P.  765) 

The  Chilean  nitrate  prices,  quoted  on  metric  quintals,  are 
given  for  the  coming  year.      (P.  787) 

Statistics  are  given  showing  the  average  monthly  wages  of 
technical  men  and  office  workers  in  the  German  chemical  in- 
dustry in  1921.     (Pp.  793-4) 

The  French  heavy  chemicals  industry  is  improving  with  busi- 
ness much  better  than  a  year  ago  and  prices  well  maintained. 
Chemicals  for  tanning,  glassworks,  and  paints,  however,  still 
remain  inactive.  Synthetic  products  for  drugs  and  perfumes 
are  satisfactory.     (P.  801) 

In  the  Belgian  chemical  industry  sulfuric  acid  plants  are 
fully  occupied  with  the  demand  from  fertilizer  manufacturers, 
especially  German,  but  overproduction  of  hydrochloric  acid  is 
resulting  in  lower  prices.     (P.  803) 

Statistics  are  given  showing  the  production  of  precious  and 
base  metals  in  Mexico  for  the  last  three  calendar  years.     (P.  827) 

The  Spanish  iron-ore  district  is  facing  the  most  serious  in- 
dustrial depression  experienced  for  many  years.      ( P.  ,S27) 

The  Bureau  of  Foreign  and  Domestic  Commerce  has  on  file 
detailed  information  relative  to  a  large  mica  deposit  in  Argentina 
which  the  owner  is  desirous  of  selling.  Arrangements  to  see 
samples  of  the  mica  may  be  made  through  the  Bureau.      (P.  828) 

Statistics  are  given  showing  the  production  of  olive  oil  in  Italy 
for  the  1909-1920  period.     (P.  833) 

There  are  in  course  of  construction  in  central  Italy  six  plants 
for  the  production  of  electrical  and  mechanical  energy  which 
will  utilize  nationally  produced  combustibles.      ( P.  837) 

Experiments  in  the  use  of  turf  and  peat  as  fuel  in  Finland  have 
demonstrated  that  these  products  have  apparently  little  chance 
to  replace  wood  as  the  almost  universal  fuel  in  Finland.  The 
two  principal  barriers  to  the  success  of  the  turf-fuel  industry' 
are  high  prices  and  the  difficulty  of  securing  a  fuel  which  is 
sufficiently  dry  to  permit  proper  combustion.     (Pp.  837-8) 

A  Swedish  engineer  is  reported  to  have  worked  out  a  method 
whereby  a  very  cheap  fuel  can  be  obtained  from  the  residue  or 
lye  which  results  from  the  manufacture  of  cellulose.  By  this 
method,  it  is  reported,  an  annual  production  of  about  100,000 
tons  of  cellulose  will  result  in  the  production  of  about  800,000 
tons  of  the  new  fuel.     (P.  .S38) 

A  good  market  is  reported  in  Wales  for  lubricating  and  paint 
oils.     (P.  840) 

France  has  increased  her  import  duty  on  lead.     (P.  857) 

The  present  duty  on  vanadium  exported  from  Peru  will  be 
continued  throughout  1922.     (P.  8.59) 

The  production  of  Sicilian  sulfur  in  1921  amounted  to  240,049 
tons  and  the  exportation  amounted  to  only  105,063  tons.  (P. 
860) 

The  Russian  mining  industry  in  1921  and  the  first  quarter  of 
1922  is  reviewed.     (Pp.  862-3) 

Special  Supplements  Issued 
.-Vrge.n'Tin.^ 
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tions,    i.  Res.  309.     2  pp. 
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Abrasive  Materials  in  1921.     L.   M.   Beach  and  A.  T.  Coons      Separate 

from    Mineral    Resources    of   the    United   States,    1921.    Part    II.      4    pp. 
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of  the  United  States.  1921.    2  pp.     Published  June  14,  1922. 
SiUca  in  1921.     L.  M.  Beach.     Separate  from  Mineral  Resources  of  the 

United  States,  1921,  Part  II.     2  pp.     Published  June  16,  1922. 
Strontium  in  1921.     G.  W.  Stose.     Separate  from  Mineral  Resources  of 

the  United  States,  1921,  Part  II.     2  pp.     Published  July  5,  1922. 
Sulfur,  Pyrites,  and  Sulfuric  Acid  in  1920.     P.  S.  Smith.     Separate  from 

Mineral  Resources  of  the  United  States,  1920,  Part  II.     8  pp.     Published 

June  16,  1922. 
Zinc  in  1921.     C.  E.  Siebenthal  and  A.  Stoll.     Separate  from  Mineral 

Resources  of  the  United  States,  1921,  Part  I.     13  pp.     Published  June 

17,  1922. 

Public  Health  Service 

A  Physiological  Test  for  the  Activity  of  Vitamin  Preparations.     A.  Seidell. 

Public  Health  Reports,  37  (June  23,  1922),  1319-23. 
Determination  of  Hydrogen-Ion  Concentration.     F.  H.  McCrudden.      Re- 
print 730  from  Public  Health  Reports.      16  pp.     Paper,  S  cents. 
Improved    Method    for  Preparation  of  Vitamin-Activated  Fuller's  Earth. 

A.  Seidell.      Reprint  738  from   Public    Health   Reports.     2  pp.     Paper, 

5  cents. 
Preparation  of  Chauhnoogra  Oil  Derivatives  for  the  Treatment  of  Leprosy, 

A.  L.  Dean  and  Richard  Wrenshall.   Public  Health  Reports.  37  (June  9, 

1922),  1395-9. 
Some   Conclusions  Drawn  from  a  Survey  of  Sewage  Treatment  Plants. 

H.  H.  Wagenhals.    Public  Health  Reports,  37  Uune  23,  1922),  1505-18. 
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Market  conditions  for  inorganic  chemicals  have  shown  little 
real  change  during  the  past  month.  Prices  have  remained  at 
approximately  the  same  levels  and  business  has  shovim  a  regular 
improvement  in  the  basic  commodities  in  spite  of  speculative 
movements  in  a  few  items.  Consumers  are  gradually  showing 
greater  confidence  and  are  even  inclined  to  anticipate  their  needs 
in  view  of  the  low  prices  generally  named  and  the  belief,  which 
is  gaining  ground,  that  advances  will  be  in  order  when  the  fall 
business  increase  comes. 

In  contrast  to  this  situation  is  that  of  the  organic  manufac- 
turers. Early  July  found  business  for  them  on  the  increase. 
Price  cutters  had  been  brgcly  forced  out  of  the  market  on  lead- 
ing items,  and  consumers  were  showing  an  inclination  to  buy  on 
the  improved  condition  of  the  textile  industry  in  New  Kngland. 
However,  the  announcement  of  the  Department  of  Justice's  ac- 
tion against  the  Chemical  Foundation,  and  indirectly  against  the 
entire  .American  dye  industry,  offset  the  basic  soundness  of  the 
situation  to  a  great  extent  and  tended  to  destroy  the  returning 
confidence  of  consumers.  When  this  was  followed  on  the  1.5th  by 
the  refusal  of  the  Senate  to  include  the  dye  licensing  provisions 
in  the  Tariff  Bill,  many  consumers  cancelled  their  orders  or  re- 
duced them  to  a  minimum  in  order  to  protect  themselves  should 
imported  dyes  Ix-come  available  in  quantity  in  the  near  future. 

Manufacturers'  prices  generally  have  shown  little  change. 
Acttate  of  lime  was  advanced  by  makers  late  in  June,  but  the 
makers  of  acetic  acid,  whose  price  is  based  entirely  on  acetate, 
did  not  receive  ofiicial  notice  of  the  advance  until  some  time  later. 
The  present  price  of  acetate  is  2  cents  per  pound  and  that  of 
2S  per  cent  acetic  acid  based  on  this  figure  2'/b  cents  in  car  lots  of 
barrels  at  makers'  works.  Makers  of  barium  chloride  are  offering 
freely  at  $8.')  per  ton  in  car  lots  f.  o.  b.  their  works.  Copper 
sulfate  has  become  increasingly  scarce  as  the  season  advanced 
and  makers  have  been  unable  to  offer  any  considerable  quantities 
for  many  weeks.  Prices  nominally  quoted  are  around  7  cents 
[KT  jMiund. 

Speculative  interest  has  been  attracted  to  ar^nic  and  sal 
ammoniac,  and  many  firms  are  taking  on  supplies  now  for  deliv- 
ery in  the  late  fall.  Yellow  prussiates  of  soda  and  potash  have 
declined  during  the  month  in  the  hands  of  speculative  buyers 


who  were  unwilling  to  carry  stocks  until  such  a  time  as  the  basic 
soundness  of  conditions  on  both  items  might  provide  satisfactory 
outlets.  Imported  barium  chloride  has  been  in  much  the  same 
position  with  speculative  holders  very  nervous  as  to  the  future. 
The  slump  in  German  marks  early  in  July  added  to  the  un- 
certainty of  the  speculator's  position  and  forced  many  holders 
of  imported  stocks  to  part  with  them  on  unfavorable  terms. 

Stocks  of  cheap  denatured  alcohol  which  have  done  much  in 
recent  months  to  hamper  legitimate  trade  have  been  virtually 
wiped  out  and  prices  are  correspondingly  firmer  at  .SI  cents  per 
gallon.  Acetone  was  advanced  by  makers  to  1 0  cents  per  pound 
along  with  acetate  of  lime.  Camphor  has  become  firmer  and 
is  quoted  higher.  Manufacturers  reduced  chloroform  sharply 
late  in  June.  The  sale  of  a  large  lot  of  imi)orted  hydro- 
quinol,  which  had  been  held  by  the  importer  for  more  than  a 
year,  to  a  manufacturer,  started  a  competitive  price  war  and 
forced  prices  down  to  80  cents  on  a  weak  basis.  During  the 
month  several  inquiries  came  into  the  market  from  Japan  for 
glycerol  in  lots  amounting  to  several  thousand  tons.  However, 
the  better  prices  offered  by  English  makers  finally  took  the 
business  there. 

Cottonseed  oil  slumped  badly  on  the  decline  in  German  ex- 
change early  in  July.  Large  orders  had  been  booked  by  Ameri- 
can dealers  for  export  to  Germany  and  stocks  here  had  been  re- 
duced to  a  comfortable  minimum  when  it  became  necessary  for 
the  German  buyers  to  cancel  their  obligations.  This  threw  a 
large  lot  of  oil  into  the  market  here  without  immediate  outlet 
and  forced  prices  down  precipitately  on  the  New  York  Produce 
Exchange  in  a  session  of  heavy  selling. 

Paint  oils  have  passed  their  active  season  and  are  extremely 
dull  at  present.  Linseed  oil  is  held  up  by  the  firmness  of  flaxseed 
and  the  bullish  reports  from  the  present  crop,  but,  lacking  such 
a  prop,  China  wood  oil  has  weakened  considerably  here  although 
holding  fairly  well  in  primary  markets. 

Animal  oils  have  tended  to  advance  and  are  much  firmer^in 
makers'  hands.  Fish  oils  are  moving  well  and  reports  from  fish- 
ing centers  indicate  a  good  catch  for  the  present  season  in  spite 
of  the  low  yields  per  thousand  fish  noted  by  the  crushers  of  men- 
haden. 
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FIRST-HAND   PRICES  FOR   GOODS    IN   ORIGINAL  PACKAGES   PREVAILING    IN   TUB    NEW    YORK    MARKET 


INORQANIC  CHEMICALS 


Acid.  Boric,  cryst.  bbls lb. 

Hydrochloric,  conim'l.  20°  lb. 
Hydrofluoric,  30%  bbls.  lb. 
Hydriodic,  sp.  gr.  1.150...  lb. 

Nitric.  42°.  cbys.  c/1  wks.lb. 
Phosphoric,  50%  tech lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Oleum  20% ton 

Alum.  Ammonia.  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminium  Sulfate  (iron-free)  lb. 
Ammonium  Carbonate,  pwd..  .lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°.  ..lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals . .  .lb. 

Nitrate lb. 

Red lb. 

White  (Carb.) lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech..  .lb. 

Magnesite,  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85%. lb. 

Chlorate,  cryst lb. 

Hydroxide,  SS-92% lb. 

Iodide,  bulk lb. 

Nitrate lb. 

Permanganate,  U.  S.  P...  .lb. 

Pnissiate.  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76%,  N.  Y. .  100  lbs. 


.im 
.OIK 


.OlJi 


.12'A 


16.00 

16.00 

16.00 

19.00 

19.00 

19.00 

.03H 

.03H 

.03>i 

♦.03 

*.03 

•.03H 

.06H 

.06H 

.07 

.03>i 

.03H 

.03J^ 

.02^ 

.02H 

.02J4 

.07 

.07 

.08 

.07Ji 

■  07H 

.07J4 

.30 

.30 

.30 

.07M 

.07M 

.07^ 

.071^ 

.07>i 

.06H 

•9.5.00 

•90.00 

•53.00 

•.06 

•.06 

•.07 

33 .  50 

33.30 

28.00 

1.60 

1.60 

2.25 

.05H 

.05K 

.05Ji 

.23 

.23 

.23 

24.50 

24.. 50 

28.75 

.06 

.06 

.06 

6.50 

7 .  r;o 

5.55 

4.20 

4.20 

3.80 

.103^ 

■  ID'A 

.11 

.15 

.15 

.15 

.08 

.08 

.08 

.07M 

■  07H 

.07Ji 

2.00 

2.00 

1.75 

.06 

.01 

.06 

55.00 

55.00 

55.00 

*.25 

*.25 

•.27 

•.26 

•.26 

♦.30 

4.25 

4.25 

4.25 

.09  3  J 

.09Ji 

.lOK 

*.lo 

•.15 

•.13 

•.04;4 

*.OiH 

•.04K 

•.06M 

•.06K 

•.05H 

•.15 
*.29 
•.24H 
17.00 

•1.85 
3.80 


Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  poird lb. 

Chlorate lb. 

Cyanide,  96-98% lb. 

Fluoride,  tech lb. 

Hyposulfite.  bbls 100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussia te,  yellow lb. 

Phosphate  (di-sod.),tech.  .lb. 

Silicate.  40° lb. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


July  1 

July  16 

Jan.  1922 

.0.-. 

.0.5 

.04 

2.00 

2.00 

2.00 

.07Ji 

.07ii 

.07Ji 

.04}i 

■  0*>A 

.04M 

.06Ji 

■  06H 

.07>i 

.24 

.23 

.28 

.09;;; 

■  09i4 

■osyi 

3.25 

3.25 

3.50 

2.55 

2.55 

2.32K 

.09K 

.09H 

.06H 

.22 

.21  <A 

.16H 

.04 

.04 

.04M 

.01 

.01 

•  OIH 

.04 

.04 

.05 

•.08 

•.08 

•.10 

3.00 

3.00 

2.75 

14.00 

14.00 

16.00 

.lOK 

■  lOH 

.09Ji 

OBGANIC  CHEMICALS 


Acetanilide,  U.  S.  P.  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial lb. 

Benzoic,    U.  S.  P lb. 

Carbolic,  cryst..  U.  S.  P., 

drs lb. 

SO-  to  110-lb.  tins lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks. ..lb. 

Pyrogallic,  resublimed lb. 

Salicylic,  U.  S.  P lb. 

Tannic,  U.S.  P.,  bbls lb. 

Tartaric,  cryst.,  U.  S.  P...lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete. gal. 

Ethyl,  190  proof,  bbls.... gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases ...  lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums. .  .lb. 

Creosote,  U.  S.  P lb. 

Cresol,  U.  S.  P lb. 

Dextrin,  corn 100  lbs. 

Imported  Potato lb. 

Ether,  U.  S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums.  .  .  .lb. 

Methanol,  pure,  bbls gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  com,  pow'd 100  lbs. 

Potato,  Jap lb. 


3.00 
.04H 


.12>^ 

.72 
3.00 

.04H 
1.75 
2.32 

.07 

.03H 


•.29 
2.37H 


.90 

.06H 

.lOH 

..43 

.40 

.14 
2.70 

.06H 

.14 

.10^ 

.14H 

.75 
4.00 

-05K 
1.75 
2.13 

.06H 

.04 


*3. 

1920 

1921 

1922 
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OILS,  WAXES,  ETC. 


Bctfwu,  putt,  while b. 

Cmltor  OU,  No.  3 o 

CeresiD.  yellow ;,;    ' '  r 

Corn  Oil,  erode.  Unh,  millj...lb. 
Cottouecd  OU,  erode,  f.  o.  b. 

mill ">■ 

Linieed  O.I,  rmw.  c/I i:«l. 

Menh'den  Oil.  erode,  mills..  .g«l. 

Ne«t'»-foot  Oil.  20° lb 

ParmSo,  12S-I30  m.  p..ref lb. 

Rodo,  "P"  trade.  280  lbs.. .  .bbl. 

Roaio  Oil.  first  ron »»!• 

ShelUc.  T.  N lb. 

Soerm  Oil,    bleached    winter, 

38" f^- 

Stearic  Acid,  double  pressed. .   lb. 

Tallow  Oil.  acidless  lb. 

Turpentine,  spirits  of gal- 


Aluminium.  No.  1,  ingots lb. 

Antimony,  ordinary 100  lbs. 

BUmutb jb- 

Copper,  electrolytic lb. 

Lake  'b. 

I.e»<l,N.  V 100  lbs. 

Nickel,  electrolytic lb. 

Platinum   refined.  so(t oi. 

Quicksilver,  flask 75  lbs.  ea. 

Silver,  foreign oi. 

Tin lb- 
Tungsten  Wolframite  . .  .per  unit 
Zinc.  N.  Y 100  lbs. 


.17H 
5.25 
2.10 

.\3H 

.13Ji 
5.75 

.39 
85.00 
55.00 

.7IH 


July  ir, 

Jan.  192: 

.40 

.33 

.11 

.lOM 

.08 

.07H 

.09H 

.06% 

.07 

.07 

.89 

.69 

.38 

.35 

.20 

.KH 

.03H 

.05 

6.05 

5.30 

.36 

.36 

.78 

.66 

1.59 

1.70 

.09M 

.09H 

.17H 

5.00 

2.10 
.\3Vi 
.13J< 

5.70 

.39 

87.00 

55.00 

.71H 

.31H 

2.00 

5.85 


PBBTILIZEB  MATESIALS 


Ammonium  Sulfate,  eipl     100  lbs  3.50 

Blood,  dried,  f.o.  b.  N.  Y...  unit  3.65 

Bone.  3  and  SO.  ground,  raw.  ton  28.00 

Calcium   Cyanamide,   unit    o(  

ammonia 2.25 

Fish  Scrap,  dried,  wks unit  3.50  &  . 

Phosphate  Rock,  1.  o.  b.  mine: 

Florida  Pebble.  88% ton  3.00 

Tennessee,  78-80% ton  9.00 

Potassium  Muriate,  80% ....  unit  .  60 
Tankage,  high-grade,   f.  o.  b. 

Chicago unit  3.65&. 


3.50 
3.65 
28.00 


.17 

4.55 

1.80 
.13J< 
.13Ji 

4.70 

.45 

78.00 

52.00 

.65K 

.32Ji 

2.00 

5.20 


2.60 
3.50 
30.00 

2.25 
3.25  8: 


3.65  &  .10      3.00  8:  .10 


COAL-TAR  CHEMICALS 


Crudes 

Anthracene.  80-85% lb. 

Bcnsene,  pure,  tanks fal. 

Naphthalene,  flake lb. 

Phenol,  droms   Il>. 


.76 
.29 

.07H 


Crudes     {concluded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 
tanks gal. 

Inter  tnedlates 

Acids- 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb 

Gamma lb 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Naphthionic,  crude lb. 

Nevile  &  Winthers lb. 

Picric lb. 

Sulfanilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) ...  .lb. 
Benzaldehyde,  tech lb. 

U.  S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

i>-Dichlorobenzene lb. 

Dictbylaniline lb. 

Dimcthylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Dipbenylaminc lb. 

GSalt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

i-Naphthol,  dist lb. 

a-Naphthylamine lb. 

6-Naphthylamine lb. 

m-Nitroaniline lb. 

^-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane) . .   lb. 

p-Nitrophenol lb. 

o-Nitrotoluene lb. 

/'-Nitrotoluene lb. 

m-Phenylenediamine lb. 

p-Phenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt lb. 

Resorcinol.  tech lb. 

U.S.  P lb. 

Schaeffer"9  Salt lb. 

Sodium  Naphthionatc lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

o-Toluidine lb. 

^-Toluidine lb. 

m-ToIuylenediamine lb. 

Xylidine lb. 


1.50 

1.50 

1.50 

1.80 

1.80 

2.25 

.75 

.75 

1.00 

1.00 

1.00 

1.60 

2.30 

2.30 

2.30 

.65 

.65 

.70 

.90 

.80 

1.35 

.10 

.10 

.10 

1.00 

1.00 

1.00 

.23 

.23 

.30 

.30 

.30 

.30 

.95 

.95 

1.05 

.72 

.72 

.86 

.75 

.75 

.77 

.10 

.10 

.10 

.75 

.75 

.76 

.12 

.12 

.15 

.60 

.60 

.70 

1.00 

1.00 

1.10 

1.50 

l.SO 

1.60 

.35 

.35 

.38 

.55 

.50 

.60 

1.30 

1.30 

1.60 

1.75 

1.75 
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EDITORIALS 


Our  Trogrcss  Number 

THIS  ISSUKitisMimrtliiiiKof  ail  iiiiuiviition  for  Tin  .loiirmil 
nf  Iwluxlriid  iiwl  Enginccriiuj  ChemiMrij.  His  an  pfTort 
(i>  iiKX't  numerous  n'(Hicst.s  from  our  readers  for  aullioritativc 
.suinniaripswhieh  will  (■nal>lelliose  interested  hut  not  .s])ecializ- 
ing  in  a  Riven  field  to  pain  some  knowledge  of  progress  therein. 
The«;  re\'iews  are  intended  not  a.s  sliort  cuts  to  information 
Imt  as  a  stimulus,  esix-cially  to  our  younger  eiieniists,  to  read 
more  thoroughly  Ix-vond  their  own  sjiecialty  or  even  to  en- 
gage upon  new  investigations.  It  is  also  an  atteniijt  t<j  ac- 
(|UHint  our  yoimger  clieniist^  with  some  of  those  whose  work 
is  recognized  h.s  authoritative.  Several  articles  received  too 
late  for  this  is.sue  will  appear  in  early  numlyers. 

If  you  like  our  idea,  your  thanlcs  are  due  not  only  to  those 
who  have  prepared  the.se  siwcial  articles,  but  also  to  our  reg- 
ular contrihutori-  who  liave  been  willing  to  have  the  publica- 
tion fif  their  articles  delayed  in  order  to  give  precedence  to 
these  summaries.  If  you  have  any  comments  or  criticisms 
to  make,  pleaj*  ^VTite  tlie  editor,  for  similar  numbers  may 
ai)pear  from  time  to  time  and  suggestions  are  wanted. 

Our  i)olicy  is  to  do  whatever  we  can  to  advance  the  cause 
of  chemistry,  to  further  the  interests  of  chemists  individually 
and  as  a  profession,  and  to  assist  in  the  establishment  and 
development  of  the  chemical  industry.  You  have  a  part  in 
the  achievement  of  these  purix)ses,  and  your  opinions  serve 
to  guide  us. 


A  Type  of  National  Service 

'T'HliRE  ARE  a  number  of  nltniistie  organizations  in 
America  in  a  position  to  investigate  impartially  and 
advise  the  Cloveriwnent  on  programs  in  special  fields. 
Officials  frr<iuently  call  into  conference  an  individual 
from  this,  that,  or  the  other  part  of  the  country,  but  the  in- 
stances where  these  national  groups  are  called  upon  for  par- 
ticular service  are  disappointingly  few  and  far  between. 
Is  the  fault  with  the  (loverimient  or  with  the  organizations? 

In  times  of  emergency,  its  in  t  he  ( "ivil  War  when  the  National 
Academy  of  Sciences  wits  chartered,  the  (iovernment  feels 
the  need  of  every  available  bit  of  information  and  ex- 
perience, but  in  times  of  jwace  actions  of  far-reaching  im- 
jMirtancc  arc  often  taken  without  paying  the  slightest  notice 
to  thoeo  in  a  position  to  render  well-considered,  sound  opin- 
ions. 

\»  a  rule,  .•icientific  organizations  lake  little  part  in  affairs 
which  may  have  a  political  aspect,  and  indeed  .some  of  them 
refrain  from  participating  if  an  industrial  aspect  is  pf)ssible. 
It  is  another  pha.se  of  the  aloofness  of  scientific  men  from 
public  affairs.  Tliey  do  little  to  command  their  rightful 
place,  yet  they  complain  at  the  lack  of  attention  given  them. 

We  do  not  favor  scientific  organizations  participating  in  ail 
sorts  of  political  and  industrial  argmnents.  That  would 
only  weaken  their  iMwitirm.  Hut  when  conditions  arise  in 
which  an  expn-ssion  of  their  opinion  would  do  much  to  clarify 
the  siluatica  .-ind  to  guide  our  public  servants,  it  .should  I.e 
Riven.  When  such  i-ondilions  ari.se  we  believe  tlial 
iKxiieslike  the  Nalionii)  Academy  of  Sciences  and  the  National 
Ilesoarch  Council  should  not  wait  to  be  calkni  upon.  Kx- 
perience  has  shown  that  such  calls  are  seldom  made.  The 
fact  that  they  are  not  a.sked  ih^-s  not  relieve  them  of  their 


duty  and  responsibility.  They  should  make  an  independent 
investigation  of  the  facts  and  frankly  state  their  findings. 
This  is  jiarticularly  true  where  questions  of  public  welfare, 
fund.-iniental  researcli,  a?i(l  the  progress  of  .science  are  directly 
or  indirectly  involved.  The  Fedciated  American  lOngineer- 
ing  Societies,  the  American  Institute  of  Chemical  lOngineers, 
the  American  Chemical  Society,  and  others  wlio  are  in 
the  habit  of  expressing  opinions  after  careful  deliberation 
have  lost  nothing  of  prestige  or  influence  by  .so  doing. 

Time  and  again  we  hear  of  the  importance  of  scientific  work 
in  the  life  of  the  re])ubhc,  and  then  too  many  of  us  go  cold 
when  we  are  asked  to  take  a  ficcisive  stand  in  jiublic  affairs 
where  .science  is  invohed.  We  need  to  develop  an  orgam'za- 
tion  consciousness  as  well  sis  an  individual  conscience. 


A  Coininendable  Experiment 

'T'lIE  Cicneral  Electric  Company  has  entrusted  to  F.  M.  Dor- 
sey  an  experiment  wliich  is  higlily  commendable  and 
unitiue.  Itisaneffort  to  promote  the  mutually  profitable  ex- 
change of  research  problems  and  ])ro(lucts  with  men  in  educa- 
tional institutions  and  with  other  industries. 

Forward-looking  industrialists  have  pointed  to  the  desira- 
bility of  engendering  more  confidential  relationships  between 
the  industries  and  our  universities.  Too  often  in  our  country 
the  college  man  has  seeii  nothing  but  a  grasping  spirit  in  in- 
dustry, while  industry  has  regarded  the  college  i)rofessor  as  a 
.somewhat  irrespoiLsible  individual  with  little  regard  for 
business  principles.  Fortunately,  academic  men  now  have 
a  greater  aiijireciation  for  the  work  of  their  colleagues  in 
industry,  which  has  been  brought  about  largely  by  the 
fundamental  work  of  such  industrial  laboratories  as  the  one 
under  W.  R.  Whitney  at  Schenectady,  and  that  directed  by 
C.  E.  K.  Moes  at  Rochester.  The  results  of  those  researches 
have  been  i)rpsented  through  monographs,  the  siientific  press, 
and  publications  such  as  the  new  volume  of  Abridged  Scien- 
tific Publications  of  the  lOastman  Kodak  Company. 

There  has  developed  abroad  between  the  industrial  chem- 
ist, the  chemical  engineer,  and  the  pure  scientist,  a  close 
relationship  with  financiers  and  executives  which  has  con- 
tributed largely  to  commercial  success.  Many  of  us  would 
like  to  see  a  similar  condition  brought  about  in  America. 

The  American  Chemical  Society,  through  its  committee 
on  Cooperation  between  Industries  and  Universities,  is  con- 
tributing toward  the  ultimate  .solution  of  this  problem. 

This  new  plan  of  the  (ieneral  Electric  Company  seems  to 
be  a  step  in  the  right  direction.  This  company  has  already 
made  a  name  for  itself  in  both  pure  and  applied  research. 
It  prop(jse.s  to  take  the  researches  of  university  men,  carry 
them  through  the  development  stage,  and  determine 
their  commercial  possibilities.  It  also  plans  to  suggest  to 
these  researcli  men  the  jiroblems  in  which  it  is  interested 
and  to  give  them  many  by-products  from  its  own  industrial 
research.  A  further  step  is  an  exchange  of  the  products  of 
research,  Iwtween  this  company  and  other  great  industrial 
groups,  which  would  api)ear  to  be  an  encouraging  beginning 
in  casting  olT  the  old  traile  secret  idea.  Fiii.ally,  coo])erativc 
research  is  contemplated. 

No  group  of  scientists  will  watch  this  experiment  with 
greater  interest  than  the  chemists;  and  that  it  may  have  a 
fair  trial  we  owe  it  our  sympathetic  cooperation. 
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Determine  America's  Foreign  Economic 

Policy 

]y/f  ANY  AMERICANS  i)r()hubly  feci  thiit  tlie  Genoa  Con- 
ference failed  because  tlie  United  States  declined  to 
take  part  in  it.  Olliers  undoubtedly  think  we  did  well  to 
stay  away,  although  a  large  number  believe  that  l)y  our 
aloofness  we  failed  in  our  duty  as  the  -strongest  nation. 

Mr.  Vanderlip,  who  has  devoted  most  of  his  time  during  the 
last  two  or  three  years  to  this  greatest  of  all  economic  proi)- 
lems,  has  been  writing  on  tiie  sul)j(M-t  for  various  American 
newspapers,  lie  has  urged  acti(Jii  of  one  .sort  or  another, 
pointing  out  the  danger  to  Ameri(vi  of  this  threatened 
collapse.  Other  individuals  and  groups  have  also  studied  the 
question.  For  instance,  the  special  committee  apiwinted  by 
the  Chicago  Association  of  Commerce  to  study  this  question 
has  prepared  an  excellent  report,  "What  Shall  Our  Foreign 
Policy  Be?,"  which  has  recently  been  published  by  that  .Asso- 
ciation.    We  commend  it  to  your  careful  consideration. 

The  unrelated  efforts  of  individuals  and  groups  indicate  a 
pressing  need.  America  would  not  go  to  Cenoa  or  to  The 
Hague.  Very  well.  Let  America  consult  herself.  It  is 
greatly  to  be  regretted  that  Congress  and  other  government 
officials  have  as  yet  been  unable  to  offer  any  solution  that 
meets  with  popular  support.  President  Hai'ding's  plan  for 
concentrating  the  best  minds  of  the  country  upon  national 
problems  could  not  l)e  better  applied  than  here.  But  we  be- 
lieve in  this  ca.se  it  would  be  better  to  let  the  best  minds  take 
the  initiative. 

Our  idea  is  that  interested  Ameri(uins  representing  ever>- 
industry  should  get  together  in  a  national  convention  or 
conference  and  submit  their  answers  to  the  question  "What 
shall  be  our  foreign  economic  policy?"  Chemists  and  the 
chemical  industry  have  a  verj'  important  interest  in  the 
question  and  are  particularly  well  organized  to  sit  in  at  such 
a  meeting.  In  the  American  Chemical  Society,  the  American 
Institute  of  Chemical  Engineers,  the  Manufacturing  Chemists 
Association,  the  Synthetic  Organic  Chemical  Manufacturers 
Association,  and  the  Chemical  Equipment  Association, 
chemists  have  an  excellent  means  for  the  expression  of  their 
views.  Other  scientific  societies  are  similarly  organized — 
particularly  the  engineers.  The  trade  bodies,  such  as  the 
National  Automobile  Chamber  of  Commerce,  and  such  a.s- 
sociations  as  the  National  Grange  and  the  ,\nierican  Fariii 
Bureau  Federation  are  in  a  position  to  consider  this  great 
question  in  orderlj'  manner  and  should  be  represented  in  this 
conference. 

The  method  of  procedure  would  be  as  easy  to  work  out  as 
was  that  by  which  the  recent  Conference  for  the  Limitation  of 
Armaments  was  conducted.  The  idea  is  simply  this;  Let 
America,  in  orderly  manner,  get  to  the  task  of  making  up  her 
mind.  Let  her  settle  upon  a  program  of  action  or  non-action, 
as  the  case  may  be,  in  Europe's  sadly  tangled  affairs. 

There  is  only  one  way  to  do  such  a  thing,  however:  If 
committees  are  appointed  to  consider  certain  questions,  let 
their  findings — both  of  the  majority  and  the  minority — be 
made  public.  One  of  the  most  disappointing  things  about 
the  Conference  for  the  Limitation  of  Armaments  was  the 
failure  to  follow  such  a  policy. 

Unquestionably,  the  reestablishnient  of  strong  governments, 
balanced  budgets,  and  work  devoted  to  the  creation  of  new- 
wealth  would  be  worth  much  to  America,  and  would  earn  for 
Europe  the  sympathetic  cooperation  otherwise  impossible. 
Such  a  conference  could  not  only  be  the  means  of  conveying 
this  idea  to  Europe,  but  could  make  suggestions  and  pos- 
sibly aid  in  the  work  of  such  reestablishnient. 


Productive  Chemistry 

TT  WOULD  be  interesting  to  know  how  many  manufac- 
tiu-ers  still  look  upon  the  chemical  laboratory  a.s  non- 
liroductive  overhead.  We  know  of  one  instance  where 
the  laboratory  director  was  indignant  when  he  learned  that 
his  department  was  clas.sed  in  its  entiret}'  as  nonproductive 
aiul  was  cited  as  one  reason  why  such  a  large  i>ercentage  had 
to  l)e  added  to  production  costs  to  cover  the  overhead  of 
doing  business. 

It  is  easily  understood  how  in  times  of  industrial  de- 
pression th(^  tlopartments  considered  to  be  nonproductive 
are  the  first  to  be  discontinued  or  curtailed.  We  believe  that 
chemists  and  jjarticularly  the  younger  men  should  have  before 
them  the  question  of  whether  their  work  is  really  productive. 

There  has  been  a  decided  change  in  this  direction  during  the 
last  generation.  The  graduate  fctrmerly  looked  forward  to 
becoming  a  unit  in  s<jme  industrial  laboratory  or  to  taking  up 
the  dignified  work  of  a  teacher.  A  little  later,  with  the 
coming  of  chemical  engineering  courses,  laboratories  of  ap- 
pUed  chemistry  and  the  like,  he  looked  forward  to  taking  an 
active  part  in  construc'tion  and  in  the  perfection  of  fac- 
tory processes  began  to  go  beyond  mere  control.  The  next 
stage  is  now  upon  us,  in  which  the  well-trained  chemist  realizes 
that  he  has  an  excellent  opportunity  to  bec^oine  an  execu- 
tive, whether  as  superintendent  of  the  |)lant,  manager  of  the 
sales  department,  or  |)resi(lenl  of  the  company. 

What  with  analysis,  synthesis,  lesearch,  control,  and  coii- 
sidtation,  (chemists  are  bt^ginning  to  re(!ognize  that  they 
are  something  more  than  a  bearded  luxury  or  a  spare  tire. 
N((wadays,  to  "get  by"  a  chemist  must  \)t)  a  i)rodueer,  or 
better,  a  productive  man.  Most  of  them  are  beginning  to 
realize  that  they  are  an  important  part  of  the  money-making 
forces  in  the  world's  work,  and  not  wholly  the  spenders,  and 
they  are  feeUng  a  commensurate  responsibility.  If  they  are 
productive  men,  they  must  know  their  depths  and  if  weak- 
ness lies  therein,  i>e  readv  t(5  correct  it. 


International  Chemistry 

'T'HE  OFFICERS  of  our  Society  were  empowered  by  a 
*■  Council  vote,  138  to  7,  to  arrange  for  the  continuation 
of  the  Journal  of  Physical  Chemistry  as  a  joint  project  with 
our  English  colleagues.  Upon  a  better  understanding  of  the 
issue,  dissent  has  disappeared  and  it  now  seems  certain  that 
the  Council  at  Pittsburgh  will  imanimously  approve  the  new 
venture  which  has  already  received  the  hearty  approval  of 
the  committee  of  the  Chemical  Society  (London). 

Too  much  cannot  be  said  in  praise  of  the  fine  spirit  shown  by 
that  society,  whose  officers  met  with  our  representative, 
Charles  L.  Parsons,  on  June  23,  1922,  to  discuss  various  de- 
tails. Arrangements  for  the  appointment  of  a  joint  editorial 
board,  the  election  of  an  editor,  and  agreements  with  respect 
to  various  policies  were  made.  The  continuation  of  this 
journal  of  research  is  to  be  without  financial  liability  to  either 
society.  All  details  will  come  before  the  Council  for  final 
confirmation. 

The  plan  does  not  run  counter  to  any  of  our  policies  re- 
garding The  Journal  of  the  American  Chemical  Society,  and  the 
editor,  A.  B.  Lamb,  has  expressed  his  full  approval  of  the 
final  plan.  The  editor  of  the  Journal  of  the  Chemical  Society 
(London)  is  also  in  full  accord.  We  are  about  to  take  an 
important  step,  not  only  in  the  publication  of  scientific 
research  in  the  English  Language,  but  in  establishing  still 
another  bond  of  friendship  and  cooperation  with  our  col- 
leagues in  Great  Britain.  It  is  a  joint  undertaking  in  which 
the  Americ.w  Chemkwl  Society  has  a  new  responsibility. 
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Pittsburgh  as  a  Chemical  Research  Center 

By  William  Alien  Hamor 

Assistant   Directok,  Mellor  Institdtb  of   Inohstrial  Research,   Uktversitv  of  Pittsburgh,   Pittsburgh,   Pa. 


THE  HISTORY  of  chouiical  researcli  in  t.lie  Pitts- 
l)Urgh  district  is  an  informative  demonstration  of 
tlie  matorinl  v.iluc  of  chemistrj'.  In  fiict,  the 
science  has  been  the  industrial  searchlight  which  illumines 
dark  comers  of  manufacturing  and  enables  technologists 
to  see,  sometimes  in  dim  outline,  but 
usually  plainly,  much  that  would  remain 
hidden  if  they  were  dcnie<l  its  aid.  Anil 
the  light  once  usal  has  been  applied 
wherever  necessarj*. 

There  has  been  a  live  interest  in  chem- 
istry in  Pittsburgh  ever  since  the  days 
when  it  was  a  frontier  town.  In  ISll. 
F.  Aigster,  an  honorarj-  member  of  the 
Columbian  Chemical  Society,  of  Plula- 
delphia,  delivered  a  series  of  lectures  on 
the  application  of  chemistry  to  industry, 
and  two  years  later  the  Pittsburgh  Chemi- 
cal and  Physiological  Society,  the  third 
chemical  society  in  the  United  States,  was 
formed  under  the  presidency  of  R.  Troost. 
a  well-known  early  scientist.  A  chemical 
firm  of  those  days,  Trevor,  Pettigrew  and 
Troost,  manufactured  alcohol,  ether, 
sweet  spirits  of  niter,  nitric  acid,  hydro- 
chloric acid,  calomel,  and  "chemical 
preparations   generally,"     thus    implying  Wiluiam 

experimental  confidence    and   equipment. 

Indeed,  chemical  research  carried  out  in  the  Pittsburgh 
district  has  given  new  industries  of  economic  importance, 
as  several  illustrations  will  show. 

In  the  first  place,  it  is  of  interest  to  mention  that  the  manu- 
facture of  bromine  was  begim  in  the  United  States  in  1845  by 
David  Alter,  of  Freeport,  Pa.,  in  partnersWp  with  Edward 
and  James  Gillespie.  Alter  was  a  physician  of  investiga- 
tional resourcefulness  who  also  conducted  original  research 
in  spectroscopy  and  devised  a  commercially  succes.sful  proc- 
ess for  the  destructive  distillation  of  bituminous  minerals. 
In  18fi6  works  for  producing  bromine  were  erected  at  Taren- 
tura,  Pa.,  and  in  the  following  year  Alter  secured  patent 
protection  for  his  retort  and  process  of  obtaining  bromine  and 
iodine  from  bittern.  In  1887  Francis  C.  Phillips,  then 
professor  of  chemistry  in  the  Western  University  of  Penn- 
sylvania, effected  t<>chnically  valuable  improvements  in 
manufacturing  bromine  and  iodine,  and  his  process  was 
adopted  by  a  company  operating  in  Allegheny. 

The  pioneer  work  of  S.  M.  Kier,  a  pharmacist  of  Pitts- 
burgh, in  distilling  cnidc  petroleum  also  deserv'es  brief  notice 
here.  Kier  Itegan  about  18.')5  to  "refine"  crude  oil  from  a 
Tarentum  brine  well,  u«ing  a  still  which  he  constnicted. 
The  "light,  wine-colored"  distillate  which  first  c.-ime  over 
was  found  useful  for  illuminating  purposes  as  "carbon  oil," 
while  the  hcft\-ier  product  was  sold  for  cleaning  wools.  Kier 
adopted  thi  Downer  process  of  refining  in  18(5(1,  obtaining 
more  satisfactory  results.  Unlike  Silliman's  classical  in- 
vestigation of  crude  pitrolr'um,  Kier's  independent  work  was 
not  systematic,  liu»  it  n:, . .  -iinc  information  on  the  economic 
value  of  crude  oil.    In  ISM)  there  were  six  "coal  oil"  plants 


near  Pittsburgh,  but  most  of  them  were  converted  into 
petroleum  refineries  soon  after  Drake  demonstrated  that 
petroleum  could  be  secured  by  drilling. 

The  bringing  of  aluminium  into  the  rank  of  the  cheaper 
metals  is  looked  upon  generally  as  one  of  the  foremost  metal- 
lurgical achievements  of  the  nineteenth 
century,  and  the  historian  of  technology 
classes  the  industrial  production  of  alu- 
minium alongside  the  invention  of  Bes- 
semer steel.  Charles  M.  Hall,  a  chemist, 
took  a  metallic  rarity  and  made  out  of  it 
a  common  metal,  and  made  the  entire 
human  race  his  debtor.  The  commercial 
development  of  the  Hall  process  was 
begun  in  1888  on  Smallman  St.,  Pitts- 
burgh, and  the  manufacture  of  aluminium 
became  a  business  success  at  New  Ken- 
sington, Pa.  Since  then  the  progress  has 
been  wonderful,  and  chemistry  has  been 
the  pathfinder. 

Another  example  is  the  discovery  of 
silicon  carbide  by  E.  G.  Acheson.  Ache- 
son  first  produced  carborundum  in  March 
1891,  at  Monongahela  City,  Pa.,  and 
began  its  manufacture  in  a  small  way. 
For  the  first  six  months  his  production 
'   """""  amounted    to    about    one-fourth     pound 

per  day;  but  the  preliminary  manu- 
facturing experimentation  proving  encouraging,  a  company 
was  organized,  and  in  1894  industrial  operations  were  trans- 
ferred to  Niagara  Falls. 

And  then  there  is  radium,  Pittsburgh's  great  gift  to  Ameri- 
can medicine.  The  commercial  production  of  radium  prep- 
arations was  begun  in  the  United  States  by  the  Standard 
Chemical  Co.,  of  Pittsburgh,  in  1913.  This  company, 
organized  by  the  late  J.  M.  Flannery,  an  enthusiastic  sup- 
porter of  scientific  research,  has  depended  upon  the  radio- 
chemical ingenuity  of  Charles  H.  Viol  since  the  inception 
of  its  activities  in  1912. 

Certain  nation.ally  important  industries  have  also  been 
richly  benefited  by  chemical  research  conducted  in  the  Pitts- 
burgh district.  It  is,  for  example,  quite  difficult  to  recall  a 
more  far-reaching  invention  than  that  of  the  dry  air-blast 
for  the  manufacture  of  iron,  devised  by  James  Gayley,  a 
metallurgical  chemist.  This  discovery  effected  a  reduction 
of  from  $0.50  to  81.00  per  ton  in  the  cost  of  producing  pig 
iron,  besides  making  it  possible  for  the  ironmaster  to  pro- 
duce, in  all  weathers,  a  metal  of  uniform  quality.  The  dry 
air-blast  was  developed  by  Gayley  between  1885  and  1904 
at  the  Edgar  Thomson  and  Isabella  furnaces  in  Pittsburgh, 
and  between  1894  and  1911  he  received  no  less  than  fifteen 
successive  patents  in  this  country. 

In  the  following  sections  of  this  paper  the  important  bearing 
of  chemical  research  upon  the  industrial  and  cixnc  welfare  of 
Pittsburgh  will  be  considered  at  some  length.  Special 
attention  will  be  given  to  the  application  of  scientific  investi- 
gation in  specific  industries. 


Sept.,  1922 
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THE  IBON  AND  STEEL  INDUSTRIES 

The  Pittsburgh  district  ijruduci's  nc'irly  40  per  cent  of  the 
country's  iron  and  steel.  In  fact,  the  capital  invested  in 
Pittsburgh  in  mills,  blast  furnaces,  and  foundries  amounts 
to  over  a  billion  dollars,  and  90,000  men  are  employed  in  its 
steel  mills. 

The  technically  important  contributions  of  chemistry  to 
the  iron  and  steel  industries  began  with  the  introduction  of 
the  great  ])neimiatic  process  of  steel-making.  The  Bessemer 
process  and  the  Siemens-Martin  open-hearth  process  pro- 
duced a  revolution  in  the  iron  industry  that  afforded  the 
chemist  his  first  real  opportunity.  Prior  to  the  days  of  steel, 
iron-making  was  largely  an  empirical  art,  and  no  manufacturi-r 
considered  the  estimation  or  control  of  the  impurities  which 
generally  accompany  the  metallurgy  of  iron  to  be  a  vitally 
important  matter.  Of  course,  it  was  known  through  the 
operation  of  the  puddling  and  crucible  processes  that  certain 
elements  imparted  hardness  and  toughness,  but  the  very 
important  quantitative  roles  in  the  metallurgy  of  iron  played 
by  carbon,  manganese,  sulfur,  phosphorus,  and  silicon  were 
not  understood.  Original  chemical  researches  into  the 
methods  for  determining  and  controlling  these  so-called 
impurities  forced  the  essentiality  of  chemistry  upon  ferrous 
metallurgists.  Indeed,  the  iron  blast-furnace  is  but  the 
chemist's  crucible  on  a  gigantic  scale,  operated  on  chemical 
principles;  and  the  application  of  chemistry  to  iron  smelting 
has  effected  such  wonderful  transformations  that  to-day  the 
chemist  occupies  the  foreground  in  directing  the  operations 
in  the  industry.  Not  only  has  inorganic  chemistry  in  its 
analytical  and  physical  branches  played  a  higlily  important 
part  in  the  steel  industry,  but  organic  chemistry  has  also 
entered  the  field  in  the  by-product  coking  of  coal.  Thermo- 
chemistry, electrochemistry,  and  metallography  are  the 
divisions  of  physical  chemistry  which  have  been  most  active 
in  promoting  the  scientific  development  of  the  metallurgy  of 
steel.  Ceramics  has  also  been  of  essential  aid  in  providing 
information  respecting  refractories. 

In  describing  the  many  difficulties  encountered  during  the 
early  operation  of  the  Lucy  furnace  at  51st  St.,  Pittsburgh, 
Andrew  Carnegie,  the  great  ironmaster,  says  in  liis  auto- 
biography that  the  undertaking  "would  have  been  post- 
poned if  we  had  realized  its  magnitude."  Little  furnaces 
could  be  run  by  rule-of-thumb  and  guess,  but  not  such  a 
monster  as  the  Lucy.  Finally  he  employed  Fricke,  a  chem- 
ist, to  assist  the  manager,  and  straightway  "Lucy  furnace 
became  the  most  profitable  branch  of  our  business,  because 
we  had  almost  the  entire  monopoly  of  scientific  management. 
It  was  years  after  we  had  taken  chemistry  to  guide  us  that  it 
was  said  by  the  proprietors  of  some  other  furnaces  that  they 
could  not  afford  to  employ  a  chemist.  Had  they  known  the 
truth  then,  they  would  have  known  that  they  could  not 
afford  to  be  without  one." 

Research  on  Iron  and  Steel  Products 

The  Carnegie  Steel  Company  has  modern  analytical  and 
control  laboratories  in  all  its  plants,  but  it  does  not  operate 
a  special  research  laboratory.  All  investigations  of  the 
Central  Research  Bureau  are  carried  out  at  the  works  of 
the  company,  with  the  facihties  of  the  plants  and  the  assis- 
tance of  their  chemical  personnel.  To  illustrate,  the  labora- 
tory of  the  Edgar  Thomson  Works  is  at  the  present  time 
giving  special  research  attention  to  refractories. 

The  .Jones  and  Laughlin  Steel  Company  follows  a  similar 
plan.  This  organization  does  not  maintain  a  research 
laboratorj',  but  chemists  are  detailed  from  the  analytical 
laboratories  of  the  South  Side  and  .\liquippa  Works  to  handle 
the  relatively  simple  problems  which  arise  in  the  plants  from 
time  to  time. 


The  A.  M.  Byers  Company's  laboratorj',  which  is  located 
at  Sixth  and  Bingham  Sts.,  Pittsburgh,  is  engaged  in  the  study 
of  corrosion  problems  and  problems  incidental  to  the  improve- 
ment of  the  quality  of  WTought  iron,  and  in  the  development 
of  processes  for  increased  production  of  wrought  iron,  wrought- 
iron  welded  pipe  being  the  i)roduct  of  manufacture.  In 
addition  to  general  equipment  for  chemical  and  metallo- 
graphic  work  and  for  physical  testing,  the  laboratory  has 
special  apparatus  for  the  study  of  corrosion  and  an  electric 
furnace  and  accessories  for  research  on  the  production  of 
special  grades  of  wrought  iron. 

Steel  tubes  and  pipe,  seamless  and  welded  high-pressure 
cylinders,  and  trolley  poles  are  the  principal  products  of  manu- 
facture of  the  National  Tube  Company,  and  accordingly' 
its  McKeesport  laboratory  is  concerned  esi)ecially  with  re- 
search on  protective  coatings  and  the  control  of  corrosion 
in  water  where  unprotected  pipe  is  u.sed,  although  mill 
materials  and  the  improvement  of  products  also  receive 
attention.  Among  the  accomplishments  of  this  laboratory 
are  a  new  method  of  finishing  welded  pijie  without  scale  and 
with  a  smooth  finish,  non-galling  steel  couplings  for  pipe, 
special  slow-corroding  steel  for  pipe,  and  methods  for  the 
"deactivation"  of  water  by  removal  of  free  oxygen,  origi- 
nally developed  in  1908  and  now  coming  into  general  use  for 
the  protection  of  pipe  in  hot-water  lines.  The  laboratory 
has  a  torsion  machine  and  a  large  tensile  machine  (600- 
ton)  which  will  take  a  piece  30  ft.  long. 


STEAM  RrruRN 


^^^ 


Hot  Water  Deactivator  Without  Filter 


The  research  laboratorj'  of  the  American  Sheet  and  Tin 
Plate  Co.,  210  Semple  St.,  Pittsburgh,  carries  out  investi- 
gations of  chemical  engineering  problems  in  the  manufacture 
of  sheet  steel,  tin  plate  and  galvanized  sheets,  and  studies 
in  the  metallurgy  and  metallographj'  of  steel,  tin,  and  zinc, 
and  their  alloys,  in  pjTometry  and  its  apphcations,  and  in 
the  recovery  of  by-products.  This  laboratory  is  particu- 
larly well  equipped,  including  precision  instruments  for  phy- 
sical testmg,  electric  furnaces,  and  metallographic  and  pjTo- 
metric  apparatus. 

Vanadium,  Tungsten,  and  Molybdenum 

^'anadium,  tungsten,  and  molybdenum  and  their  alloys 
are  manufactured  at  Bridgeville,  Pa.,  by  the  Vanadium 
Corporation  of  America.  Research  has  had  and  is  enacting 
a  most  essential  role  in  the  success  of  this  firm,  among  the 
accompUshments  of  its  laboratory  being  a  new  system  of 
electric  furnace  control,   a  process  of  reducing  vanadium 
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cxides  by  carbon  in  the  electric  furnace,  producing  low- 
carbon  alloy,  and  the  recover}-  of  vanadium  alloys  from 
wa.stc  materials,  such  as  -slag,  containing  low  percentages  of 
vanadium. 

The  investigational  work  in  progre&s  includes  the  concen- 
tration of  rare-metal  ores,  the  electrothermal  reduction  of 
rare-metal  on-s,  the  metallography  of  alloy  steels,  and  the 
improvement  of  cloctric-furuace  regulation-control  meclian- 
i-ms. 

Tool.  Steei..s 

KeiH>urch  looking  toward  improvements  in  the  composi- 
tion and  manufacture  of  tool  and  cutlery  steels,  and  the  de- 
velopmeiit  of  better  processes  of  heat  treatment,  is  undei' 
way  in  several  laboratories  in  the  district.  The  Firth  Ster- 
ling Steel  Co.,  McKeesport,  Pa.,  has  a  laboratory  proAndeil 
witli  experimenlal  melting  and  heat-treating  furnaces,  test- 
ing macliines,  and  nu-tallographic  ctiuipment.  The  Vanadium- 
.\lloys  Steel  Co.,  l.atrobe,  Ph.,  al.so  .supports  a  research  labo- 
ratory. The  l.jitrobe  l^lectric  Steel  Company  is  not  conduct- 
ing research,  althougii  it  has  a  works  laboratorj' for  control 
work. 

The  rt'search  achievements  in  the  laboratory  of  the  Cru- 
cible Steel  Company  of  .\merica  (30th  and  Smallman  Sts., 
Pittsburgh)  constitute  important  additions  to  ferrous  met- 
allurg>'.  A  number  of  spe<^ial  steels  have  been  patented. 
Two  more  patents  have  been  grante<l  on  a  new-composition 
groui>  of  stain-proof,  mine-water  and  sea-water  prcH)f,  rust- 
proof, acid-  and  lire-resisting,  nonmagnetic  .st*'els  ("Rezistal" 
steels)  which  differ  from  other  steels  in  that  they  require  no 
heat  treatment  to  l)ring  out  their  resistant  properties.  A  proc- 
ess has  been  developed  for  tlie  manufacture  of  tungsten 
[Kiwder,  which  has  been  in  conunercial  oi)eration  for  ten  years 
anil  has  now  reached  a  cipjicity  of  100  tons  of  metallic  tungsten 
content  per  month.  ,\iiot!ier  development  luislx-cn  the  busi- 
ness of  nuiniifacturing  a  sp(ii:il  cuiiipdsitidn  line  of  lalxiratory 
refractories,  consisting  of  combustion  boats,  liltering  crucibles, 
combustion  tubes,  pyrometer  tubing,  muffle",  etc.  Finally, 
mention  should  be  made  of  the  publicaticm  of  a  comprehen- 
sive ."AKt-page  treatise  on  methods  of  analyzing  special  .steels, 
many  of  which  procedures  originated  in  the  "("rucible  Steel" 
laboratory. 

The  s|)ecial  laboratory  ecjuipment  includes  i)hysical- 
tesling  machines,  a  photomicrographic  oiitfit,  experimental 
heat-treating  furnaces,  and  a  bottom-connected  electric  melt- 
ing furnace  with  capacity  and  appliances  for  casting  ingots 
of  special  alloy  steels  u|)  to  4fK)  pounds  in  weight. 

The  Cmcible  Steel  Company  of  .America  manufactures 
o|)en-hearth,  crucible  ami  electric  steels,  both  plain  carbon 
and  alloy  sl«>els  of  all  kinds,  tungsten  and  molybdemnn 
metals,  plumbaeo  crucibles,  and  laboratory  refractories. 

RADIOCHBHICAL  BESEABCR 

The  Stan<lard  Ciiciuical  Co.,  of  Pittsburgh,  was  the  first 
commercial  prixlucer  of  radium  in  the  United  States  (li)13) 
and  is  now  the  world's  largest  pHxlucer  (over  87  g.  of  radium 
element  to  May  1022).  It  als<i  manufactures  phosphores- 
cent zinc  .sulfide,  luminous  compounds,  oxides  and  salf.s  of 
uranium  and  vanadium,  ferro-uranium,  and  ferro-vanadium. 

In  l'.>20  the  Standard  Chemical  C^ompany  produce<l  IS. 2 
g.  of  riiilium  element,  breaking  the  previous  record  of  13.(i  g. 
established  by  itself  in  1!»18.  It  recjuired  575  men  working 
one  year  t.i  !ic(omplish  this,  the  quantity  of  ore  treated 
amoimteil  ■.  !tUX)  tons,  and  the  value  of  the  finished  protluct 
was  $2,lsi,i)(H).  .Seventeen  grams  of  radium  element  con- 
slitutiHl  the  l'.t21  prcxluction. 

All  the  proces.ses  in  use  by  this  organijiation  are  the  re- 
sult of  .scientific  inquiries  carried  out  in  the  Vanadium  B\iild- 
Ing  Inboralor>-,  when-  improvements  in  methods  for  the  extrac- 


tion of  radium,  uranium,  and  vanadium  from  carnotite,  and  in 
the  procedures  for  preparing  radium  for  therapeutic  and 
other  purposes  are  being  sought;  the  metallurgical  appUca- 
tions  of  uranium   are  also   receiving   study.     This   notable 
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laboratory  has  api)aratus  for  the  aii:ilytic;il  ilctermination 
of  radium  and  for  the  refining  of  radium  salts,  and  iihotomi- 
crographic  apparatus  for  met.allographic  work. 

RESEARCH  IN  THE  COKE  INDUSTRY 

Pittsl)urgU  is  suii'oundcd  by  the  richest  bituminous  coal 
section  of  tiie  United  States  and  it  is  the  cheapness  of  fuel 
which  has  attracted  so  many  industries  to  the  district. 
Within  a  radius  of  a  few  miles  are  more  than  350  coal  mines, 
which  are  cipable  of  turning  out  1IM),0(K),000  tons  a  year. 
Normally,  Pittsburgh  produces  three-fourths  of  the  bitumi- 
nous coal  in  Pennsylvania  and  over  40  per  cent  of  the  country's 
output,  while  Connellsville,  heart  of  the  coking  region  and 
an  integral  part  of  the  Pittsburgh  district,  alone  supplies  the 
country  with  25  per  cent  of  its  coke.  Fifty  per  cent  of  all 
the  coke  in  the  United  States  comes  from  the  Pittsburgh 
district. 

The  development  of  the  by-iirodm^t  oven  industry  in  the 
United  States  was  begun  by  the  Soh-ay  Process  Co.,  which, 
in  1891,  started  the  construction  of  12  Semet-Solvay  ovens  in 
Syracuse,  N.  Y.  The  design  of  this  tyi)e  of  oven  had  already 
Ijeen  well  established  in  T'lurojie.  An  initial  plant  of  Otto- 
Hoffmann  ovens  was  built  at  Johnstown,  Pa.,  in  1895,  and 
began  making  coke  in  189(i.  By  the  close  of  1900  the  number 
of  completed  ovens  included  345  Semet-Solvay,  080  Otto- 
lioffmatm,  and  60  Newton  chambers,  tiie  latter  being  a 
modified  type  of  beehive  oven  adaiited  with  apparatus  for 
by-product  recovery,  which,  like  all  similar  hybrid  designs, 
did  not  long  survive.  Of  utmost  importance  in  the  develop- 
ment of  the  by-product  oven  was  the  use  of  silica  brick, 
which  w'as  first  introduced  in  the  .lohnstown  plant  in  1899. 
This  material  was  indispensable  for  the  high  temperatures, 
rapid  coking,  and  high  jilant  yields  that  were  subsequently 
attained.  An  im])ortant  improvement  in  by-product  re- 
covery was  the  system  of  gas  seiiaratioii  intniduced  by  F. 
Schniewind  in  1S9!I  in  tlir  jilant  of  ( Jtto-llolTnmnn  ovens  at 
I'lverett,  Mass. 

For  a  mimber  of  years  the  |)nigress  of  by-|)ro(luct  coke 
making  was  slow,  being  retarded  by  ini])erfections  of  construc- 
tion, difficulties  of  operation,  and  finally  liy  the  deep-rooted 
jirejudice  of  blast-furnace  ■  men  again.st  by-product  coke. 
In  P)()S,  however,  the  indu.stry  received  a  marked  impetus 
as  the  result  of  the  activities  of  the  U.  S.  Steel  C'orporation, 
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w'liicli,  after  an  cxliauslivi'  study  of  various  iMU'Dpcan  types 
of  ovens  and  l)y-i)roduc(  apparatus,  selected  the  Koppeis 
dcsi<;n  and  built  a  '28t)-oven  i)lant  of  this  type  in  .loliet,  III. 
Thi.s  plant,  which  had  the  old  indirect  system  of  ammonia 
recovery,  was  successful  beyond  all  expectations,  and  was 
rapidly  followed  by  the  construction  of  large  jjlants  using  the 
Kop|)ers  direct  process,  at  CJary,  Ind.,  I'^airfield,  .Ma.,  and 
Dululh,  Minn.  The  European  war  caused  an  enormous  in- 
crease in  the  construction  of  l)y-pr<Mlucl  ovens,  .and  at  present 
it  would  seem  that  at,  the  close  of  another  decade  lillle  should 
remain  of  beehive  coke  mamifaclure. 

Tlic  Koiipci^s  Company  designs,  nianuf.ictures,  .uid  in- 
stals  plants  .'tiid  api)aratus  for  by-product  cok(-  and  gas 
manufacture,  concentrating  ammonia  licjuor,  annnoniiun 
sulfate  recovery,  benzol  recovery,  gasoline  aiwor|)tion  and 
recovery,  tar  distillation,  water-gas  and  ])roducer-gas  manu- 
facture, and  gas  purification  (liquid  jirocess).  Its  research 
laboratory  in  the  Mellon  Institute  is  excellently  eciuipped 
with  apiiaratus  for  coal  carbonization  at  high  and  low  temper- 
ature's, co.al  washing,  coke  research,  gas  ))urification  by  dry 
•■md  liquid  processes,  ftnnace.s  for  the  in\estigation  of  refrac- 
tory materials  at  high  temi)eratures,  laboratories  and  experi- 
mental plant  fully  equipped  for  scmicommercial  te.st.s,  and 
plants  available  for  large-scale  tests  in  relation  to  coke  and 
gas    manufacture    and    liy-prnduci     recoveiy.     ,\niong    the 


Apparatus  for  Gas  Purification  by  Liquid  Process  (Treating 

25,000,000  Cu.  Ft.  of  Gas  per  Day)  Developed  by  the 

KoppERS  Company  Laboratories 


research  accompli.shments  are  the  recovery  of  benzene  and 
toluene  from  carburetted  water-gas,  the  manufacture  of 
coumarone  and  other  resins,  motor  fuels,  and  improved 
blueprint,  purification  of  annnonia-still  waste,  improved 
methods  of  gas  purification,  recovery  of  hydrogen  sulfide,  and 
special  methods  of  coke  investigation.  ^Members  of  tliis 
organization  have  about  60  United  States  patents  issued 
or  favorably  acted  upon.  The  lines  of  research  at  present 
in  progress  are  as  follows:  coal  carbonization,  gas  production 
and  purification,  by-product  recovery,  secondaiy  treatment 


of  various  by-products,   general   fuel   researcli,   refractories, 
jiyrometry,  and  (^lal  projierties. 

RESEARCH  IN  THE  GLASS  INDUSTRY 

The  glass  industry  is  one  of  the  most  important  in  the 
Pittsburgh  distrii't,  (i2  factories  producing  window  glass, 
plate  glass,  lighting  glass,  and  innnerous  other  forms  of 
ghussware.  The  total  capital  investmiint  exceeds  a  quarter- 
billion  dollars,  and  normally  there  are  employed  more  than 
2.'),IMM)  workmen  at  a  lot.il  annual  payroll  of  over  .?2l),nnn,()(Mt. 

Though  .Vincrican  conlriiiutions  to  the  advance  of  the 
glass  industry  have  been  larg(!ly  from  the  engineering 
standpoint,  it  is  not  to  be  siqiposed  that  tht;  chemist  and  the 
physicist  have  entirely  neglected  this  great  field.  In 
fact,  the  part  of  these  scientists  lias  l)een  of  greater  impor- 
tance than  is  usually  acknowledged.  Little  has  been  written 
of  the  chemist's  acconiplishinents,  except,  perhaps,  in  con- 
nection with  the  develo])ment  of  optical  glass  during  the.  jiast 
few  years.  As  Tillotson  has  indicated,  chemical  contribu- 
tions have  been  isolated,  s[)oradic,  and,  unfortunately, 
dimmed  in  the  shadow  of  a  general  policy  of  secrecy  which 
has  resulted  partly  from  tradition  and  partly  from  fear  of 
legal  complications.  Such  conditions  do  not  make  for  real 
scientific  progress  in  this  or  any  otiier  industry;  but  it  is 
lielicved  that  the  present  is  a  perioil  of  transition,  and  it  is 
certain  that  great  opirortunities  exist  for  the  chemist  and  tliat 
his  work  in  the  future,  in  conjunction  with  that  of  tiie  i)hysi- 
cist  and  engineer,  will  transform  the  whole  asjiect  of  glass 
technology.  The  problems  which  are  to  be  solved  include 
the  basic  principles  of  all  the  operations  involved  and  of  the 
materials  employed.  The  problems  in  connection  with 
refractories,  furnaces,  fuel  and  raw  materials  are  shared  in 
common  by  all  branches  of  the  glass  industry. 

The  following  important  de\'elopments  in  glass  technology 
have  originated  in  the  Pittsburgh  district;  The  fir.st  re- 
generative pot  furnace  was  built  at  the  O'Hara  Glass  Works 
in  1865  by  J.  B.  Lyon;  natural  gas  was  first  used  in  melting 
glass  in  18S2  by  the  Bradford  Window  Glass  Co.,  and  two 
years  later  it  was  employed  for  melting  flint  glass  at  Wells- 
burg,  W.  Va.:  the  prepressed  blank  was  invented  by  Pliilij) 
Arbogast,  of  Pittsburgh,  in  1882,  and  marked  a  fundamental 
step  in  the  evolution  of  the  automatic  bottle  machine;  sele- 
nium ruby  glass- was  first  manufactured  by  Nicholas  Kopp, 
of  Pittsburgh,  in  1894;  flint  glass  was  first  melted  in  a  tank 
furnace  by  C.  H.  Runyon,  in  the  factory  of  the  Keystone 
Glass  Co.,  Rochester,  Pa.;  machine-drawm  window  glass  was 
first  made  in  1900  in  the  Arnold,  Pa.,  jjlant  of  the  American 
Window  Glass  Co.,  by  the  machine  invented  by  J.  J.  Lub- 
bers; and  machine-drawn  sheet  glass  was  first  producetl 
successfully  at  Franklin,  Pa.,  by  the  invention  of  I.  W. 
Colburn  (now  the  Libbey-Owens  sheet-glass  machine). 

Chemical  Rese.\rch  L.\boratories  in 
THE  Gl.\ss  Industry 

The  Pittsburgh  Plate  Glass  Co.,  whose  products  of  manu- 
facture include  polished  plate,  window,  optical,  and  black  and 
wliite  Carrara  glass,  and  also  refractories,  has  a  research 
laboratory  at  Creighton,  Pa. 

The  American  Window  Glass  Company  is  not  operating 
a  research  laboratory  at  the  present  time,  although  experi- 
mental work  is  in  progress  at  Arnold,  Pa.,  on  pots  and  tank 
blocks. 

The  Hazel-Atla.s  Glass  Co.,  of  Wheeling,  AV.  Va.,  manu- 
facturer of  glassware  for  packers'  use,  olive  and  vinegar 
bottles,  ink  containers,  fruit  jars,  jelly  glasses,  hotel  tumblers, 
amber  ware,  and  blue  and  opal  ointment  jars,  has  research 
laboratories  at  W.ashington,  Pa.,  and  Clarksburg,  W.  Va., 
where    research   is   centered    on    the    improvement   of  the 
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physical  and  cliemical  properties  of  glass  and  on  the 
development  of  technical  control.  Raw  materials  are  now 
purchased  entirely  by  specifications,  and  control  tests  of 
operation  are  almost  entirely  under  technical  supervision. 
Among  other  accomplishments  of  this  laboratory  may 
be  mentioned  the  production  of  some  economical  glasses 
and  the  impro\ement  of  the  physical  properties  of  glass  for 
specific  purposes.  It  is  equipped  with  apparatus  for  the 
physicochemical  .study  of  glass  and  for  the  control  of  furnace 
operation. 

The  Macbeth-Evans  Glass  ('ompany  maintains  a  research 
laboratory  at  its  Charleroi,  Pa.,  factor)'.  This  company 
profluccs  lighting,  marine,  railway,  and  laboratory  glassware. 

The  II.  C.  Fry  filass  C'ompany  and  the  Beaver  Valley  Glass 
Co.,  of  Rochester,  Pa.,  have  derived  many  benefits  from 
chemical  research,  but  the  outstanding  accomplishment  of 
their  laboratory  is  the  development  of  a  translucent  oven 
glass  for  baking  purposes  anfl  other  uses  where  heat-resisting 
glass  is  required.  Other  products  of  these  related  concerns 
are  blanks  for  the  cut-glass  trade,  cut  glass,  parabola  and 
motion-picture  len.ses,  plate  and  needle  etchings,  stemware, 
table  tumblers,  and  cylinders  for  gjisoline  pumps.  The 
laboraforj'  has  a  gla.ss  furnace  and  small  tank,  and  attention  is 
being  given  at  present  to  the  application  of  glasses  to  the 
u.seful  arts. 

THE  BBICK  AND  riBE-CLAT  PBODUCTS  INDUSTBIES 

Pittsburgh  occupies  a  dominant  position  in  the  manufac- 
ture of  face  brick,  refractories,  and  simil.ar  ceramic  products. 
The  monthly  capacity  of  the  plants  in  this  section  has  been 
estimated  to  be  approximately  20,000,000  nine-inch  bricks; 
but  at  present  the  production  is  about  70  per  cent  of  this 
figure,  or  a  monthly  tonnage  of  40,000.  The  bulk  of  ordinar)' 
and  special  brick  production  in  western  Pennsylvania  has 
an  annual  value  of  $15,648,000;  this,  taken  together  with 
other  protlucts  manufactured  from  fire  clay,  gives  a  total 
ceramic  prfxlucts  output  of  about  $20,000,000  a  j'ear. 

RkSE  \KCH  O.N  RliKU.\CTORIES 

The  Refractories  Manufacturers'  Association,  an  organ- 
ization of  08  companies,  has  been  conducting  research  in 
ri>6jx>ration  with  the  Mellon  Institute  of  Industrial  Research 
for  a  period  of  five  years.  The  problems  studied  may  be  di- 
vided into  three  distinct  cla.sses,  dealing  with  the  manu- 
facture, u.se,  and  testing  of  refractories.  Among  the  man- 
ufacturing problems  that  of  properly  classifying  the  raw 
materials  is  perhaps  the  most  important.  It  is  necessary 
to  study  each  deposit,  either  at  the  working  faces  or  l\v 
means  of  ilrill  cores,  in  order  to  obtain  accurate  information 
regarding  the  physical  and  chemical  properties  of  the  various 
sections.  Slight  variations  in  color,  hardness  or  te.vture 
have  Iktu  found  to  be  indicative  of  a  change  in  refractori- 
ness, |)lasticity,  or  burning  property.  Investigations  of  this 
kind  may  result  in  the  use  of  certain  clays  that  have  been 
rejectetl,  in  the  rejection  of  clays  that  have  lieen  accepted, 
or  in  the  separation  of  certain  portions  for  special  purposes. 

After  hnvinir  determined  the  refractoriness  of  the  various 
clays,  it  has  been  found  essential  to  study  their  burning 
properties.  Certain  flint  clays  have  little  or  no  tendency  to 
shrink,  others  have  an  inclination  to  vitrify,  and  pla.stic 
clay--^  usu.'illy  have  a  tendency  to  bum  dense  but  attain  their 
ma.Timum  density  at  different  temperatures.  When  these 
tendencies  nre  known,  it  is  possible  to  devise  mixes  that  have 
ilenae,  op.  a,  or  m'»<liiun  liurning  characteristics.  Having 
these,  the  prmhict  will  possess  either  high  resistance  to  abra- 
sion, high  resist-snce  to  spalling,  or  properties  that  recommend 
it  for  general  u.se. 

Each  step  in  the  process  of  manufacture  exerts  a   control- 


ling influence  upon  the  properties  of  the  finished  product. 
Even  the  amount  of  water  used  in  do^■eloping  plasticitj' 
affects  the  structure  of  the  burned  brick.  Insufficient  water 
gives  an  open  product,  as  does  an  excess;  an  intermediate 
quantity  gives  a  product  of  maximum  density.  Density  is 
also  influenced  by  the  texture,  molding  pressure,  and  burn 
of  the  product. 

Several  problems  pertaining  to  the  use  of  refractories  have 
been  or  are  being  studied.  While  it  is  often  difiicidt  to  apply 
the  results  because  of  lack  of  information  regarding  the  opera- 
tion of  most  furnaces,  this  objection  is  disappearing  rapidly 
vfith  the  development  of  recording  de\'ices. 

A  great  many  failures  may  be  traced  to  furnace  design, 
especially  where  brickwork  is  heated  throughout,  where  the 
radiating  surface  is  small  as  compared  with  the  b.cating  sur- 
face, or  where  the  bricks  are  heated  under  pressure.  Others 
may  be  traced  to  the  mortar  which  has  been  used  in  laying 
up  the  brickwork.  Certain  mortars  contain  high  percentages 
of  basic  fluxes.  When  fire  clay  is  used,  the  brickmason  often 
adds  lime  or  portland  cement  to  produce  a  cold  set,  little 
realizing  the  effect  of  these  additions  upon  refractoriness. 
A  reduction  in  refractoriness  of  1000°  F.  is  easily  possible 
from  this  cause;  as  a  result  the  mortar  runs  from  the  joints, 
leaves  the  brickwork  exposed,  and  gives  the  appearance  of 
high  shrinlcage. 

Quite  recently  a  relationship  between  furnace  pressure  and 
service  has  been  established,  based  upon  the  fact  that  when  a 
furnace  is  being  operated  under  draft,  cold  air  is  drawn 
through  the  brickwork,  helping  to  reduce  its  temperature. 
When  the  fuel  is  burned  under  pressure,  the  hot  gases  are 
forced  through  the  brickwork,  elevating  its  temperature, 
accelerating  spalling,  and  causing  premature  failure.  The 
disintegrating  effect  of  several  gases  under  various  conditions 
is  now  being  studied  and  the  results  to  date  indicate  the 
possibility  of  their  practical  application. 

Tests  are  being  made  constantly  in  the  hope  of  associating 
the  results  obtained  with  service.  Up  to  the  present  time 
the  success  of  this  study  has  been  encouraging,  but  the  work 
has  been  by  no  means  completed. 

Other  Research  in  the  Ceramic  Industry 

In  the  research  laboratory  of  the  Harbison-Walker  Re- 
fractories Co.,  at  Hays,  Pa.,  several  chemists  are  engaged  in 
the  development  of  refractories  and  the  study  of  special 
problems  pertaining  to  uses  of  refractories  (fire  clay,  silica, 
bauxite,  magnesite,  and  chrome).  The  special  equipment 
of  this  laboratory  embraces  test  kilns,  load  test,  spalling-test 
and  melting-point  furnaces,  and  a  Riehle  crushing  machine. 

The  Beaver  Falls  Art  Tile  Co.,  of  Beaver  Falls,  Pa.,  manu- 
facturer of  glazed  wall  tile,  maintains  a  laboratory  where 
attention  is  given  to  the  improvement  of  the  product  and 
the  minimization  of  losses  in  plant  o|)eration. 

THE    WESTINQHOUSE    LABOBATOBT 

Year  liy  year  the  annual  value  of  electrical  eciuipmcnt  man- 
ufactured in  the  district  has  increased,  until  in  1920  the  total 
reached  $1(),"),000,000.  Besides  electrical  utensils  for  the 
household,  there  are  produced  electrical  machinery,  dynamos, 
transformers,  motors,  and  turbine  (>ngines;  while  in  the  new 
branch  of  radio-equipment  manufacture  a  leading  position 
is  held,  mainly  because  of  the  researchful  attitude  of  the 
Westinghouse  Electric  and  Manufacturing  C^ompany.  This 
organization  occupies  more  than  100  acres  of  floor  space  and 
'.'inploys  l{.!i,000  jjeople. 

The  Research  Department  of  the  A\'estinghou9e  Electric  and 
Manufacturing  Company  is  located  on  Ardmore  Boulevard, 
near  East  Pittsburgli,  where  problems  under  investigation 
pertain  to  the  manufacture  of  electrical  apparatus  of  all  cla-ssea 
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Otiibr  Industrial  Rbsbarcr  Laboratoribs 


Company 

Aluminum     Com- 
pany of  America 


Duquesne  Reduc- 
tion Company 

Electrolabs  Com- 
pany 


Vulcan    Detin 
Company 


proooct3  oi" 
Manufacturs 

Lluminium,  includinf;  ingot, 
sheet,  wire,  foil,  and  other 
fabricated  forma;  bronze 
powder  and  collapsible  tubes 


Corfc  products,  cork  composi- 
tions, linoleum  and  other 
floor  coverings,  and  insula- 
tion 


Copper  and  nonferrous  alloys, 
made  from  secondary  metals 

Oxygen  and  hydrogen  generat- 
ing plants;  acetylene  appa- 
ratus 

Manufactured  (and  natural) 
gas 


Tetrachloride  and  bichloride 
of  tin.  tin  crystals,  fused 
caustic  soda,  and  detinned 
steel  scrap 

Petroleum  products 


Location  op 

Rrsbarch 
Laboratory 

ew  Kensington, 
Pa.  (main  lab- 
oratory) 


Pittsburgh,  Beaver 
Falls,  and  Lan- 
caster, Pa. 


Gross  and  Yew 
Sts.,    PitUburgh 

2635  Pcnn  Ave., 
Pittsburgh 

Appliance  labora- 
tory, 553  Sev- 
enth  Ave.,  Pitts- 
burgh; gas  man- 
ufacture labora- 
tory, Elrama,  Pa. 

Verona,  Pa. 


Neville  Island,  Pa 


54th  St.  and  A.  V. 
R.  R.,  Pittsburgh 


Important  Accomplishubnts 

Chemical  research  has  been  vital  in  the  welfare 
of  this  organization,  but  no  information  is 
available  respecting  definite  achievements  of 
the  present  laboratory.  The  fundamental 
work  of  C.  M.  Hall  has  been  described 

Perfection  of  high-temperature  insulating  brick 
and  a  material  for  cabinet-safe  insulation; 
improved  method  for  baking  low-temperature, 
cork-board  insulation;  improved  method  of 
washing  and  bleaching  cork  stoppers;  and 
new  cork  compositions 


Levin  cell;  synthesis  of  precious  stones  in  the 
corundum  family;  and  methods  for  the  detec- 
tion of  cotton  in  asbestos 


"Patents  issued 
laboratory  c 
carburizing 


^  result  of  work  done  in  t 
2te  the  manufacture 
la  in  this  country'* 


Development  of  "secret  processes"  i 
company 


Development    of    "thin-thick"  oil  or  compound 
for  internal-combustion  engines 


for  power  generation,  distriliution,  and  utilization.  The  de- 
partment lists  as  its  prominent  achievements  steel  for  magnetic 
work,  effect  of  gases  in  metals,  disk-pipe  lightning  arresters, 
radio  tubes,  electrical  ceramic  products,  iron  plating,  standard- 
ization of  bakelite,  novel  insulating  materials,  the  study  of 
heat  transmission  in  insulators,  sludging  of  transformer  oils, 
and  various  new  laboratory  devices. 

The  Materials  and  Processes  Department  of  the  Westing- 
house  Electric  and  Manufacturing  Company  has  a  million- 
volt  laboratory  for  power  work  and  much  special  equipment 
for  the  investigation  of  chemical,  physical,  and  electrical 
problems.  Among  its  important  accomplishments  are  radio 
apparatus,  insulating  materials,  new  alloys,  high-tension 
phenomena,  hghtmng  arresters,  and  design  data  in  many  elec- 
trical lines. 

The  Department  of  Standards  of  the  same  company 
is  also  of  interest,  although  strictly  electrical  in  nature  of 
work.  It  is  concerned  with  standards,  the  standardization 
of  meters,  and  the  use  of  meters  in  all  kinds  of  electrical 
measurements.  There  is  considerable  development  work 
in  progress,  but  all  real  research  is  done  in  the  fii-st-mentioned 
department. 

The  research  laboratory  of  the  Union  Switch  and  Signal 
Company  is  engaged  entirely  in  the  study  of  physical  and 
engineering  problems. 

RESEARCH  IN  OTHER  PITTSBURGH  INDUSTRIES 

While  the  production  of  coal  and  coke,  the  manufacture 
of  iron  and  steel,  their  products,  electrical  and  railroad  equip)- 
ment,  glass  and  glassware,  and  brick  and  fire-clay  products, 
constitute  the  real  strength  of  the  high  industrial  position  of 
the  Pittsburgh  district,  there  are  many  other  branches  of 
manufacture  which  have  attained  national  prominence. 
Some  of  these  industries  have  sprung  directly  from  chemical 
research,  wliile  others  of  them  have  been  and  are  being 
nurtured  by  it. 

The  Chamber  of  Commerce  of  Pittsburgh  has  reported 
that  there  are  300  Lines  of  manufacture  in  and  about  Pitts- 
burgh, most  of  them  of  a  ferro-metaUurgical  character,  but 
many  being  uniquely  different.  The  production  of  radium 
has  been  mentioned.  It  may  be  noted  here  that  the  district 
leads  the  world  in  the  production  of  finished  aluminium,  has 


the  largest  pickUng  and  pre3er\ang  plant  in  the  world,  and 
the  greatest  cork  products  manufacturing  plant. 

It  has  been  estimated  that  the  annual  production  value  of 
the  Pittsburgh  industrial  area  is  nearly  $3,000,000,000  and 
that  the  yearly  value  of  the  products  of  the  purely  diversi- 
fied industries  amounts  to  8200,000,000. 

Several  other  important  industrial  organizations  having 
plants  in  the  Pittsburgh  district  maintain  research  Labora- 
tories elsewhere.  The  American  Zinc  and  Chemical  Co., 
Langeloth,  Pa.,  manufacturer  of  spelter,  sulfuric  acid,  zinc 
oxide  pigments,  and  zinc  sulfate,  has  its  investigational  work 
carried  out  in  the  laboratory  of  the  parent  company,  the 
American  Metal  Company,  Ltd.,  in  New  York,  N.  Y.  The 
Pittsburgh  refinery  of  the  Atlantic  Refining  Co.,  manufac- 
turer of  petroleum  products,  does  no  appreciable  amount  of 
research,  laboratories  for  this  purpose  being  operated  at  the 
Philadelphia  plant.  The  Pennsylvania  Salt  Manufacturing 
Co.,  which  has  a  works  at  Natrona,  Pa.,  has  its  research 
laboratory  at  Greenmch  Point,  Philadelphia,  where  seven 
chemists  are  engaged  in  the  study  of  processes  for  manu- 
facturing heavy  chemicals.  Finally,  the  Gulf  Refining  Co., 
which  has  its  general  offices  in  Pittsburgh,  maintains  a  large 
petroleum  research  laboratory  at  Port  Arthur,  Texas. 

CONSULTINQ  RESEARCH  LABORATORIES 

The  R.  H.  Brownlee  Laboratory,  Inc.,  occupies  the  nine- 
teenth floor  of  the  Benedum-Trees  Building,  223  Fourth 
Ave.,  Pittsburgh.  This  laboratory  is  specializing  in  petro- 
leum refining,  the  design  and  iastaUation  of  special  refinery 
equipment,  the  preparation  of  utUizable  products  from  nat- 
ural gas,  and  rubber  technology.  It  is  equipped  especially 
for  investigational  work  in  hydrocarbon  and  rubber  chem- 
istry. The  R.  H.  Brownlee  Laboratory  has  developed  a 
new  mixture  of  gases  for  use  in  metal-cutting  and  welding,  a 
process  for  the  production  of  gasoline,  a  new  lubricating  oil 
for  airplane  and  automobile  motors,  and  an  improved  proc- 
ess for  making  carbon  black. 

The  Pittsburgh  Testing  I;aboratory,  616  Grant  St.,  is 
engaged  in  research  on  refractories,  glass,  and  enamels,  and 
on  gener.al  chemical  and  metallurgical  problems.  The  spe- 
cial equipment  includes  furnaces  for  the  manufacture  and 
testing  of  refractories,   a  metallographic  outfit,   apparatus 
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for  coril  if-tiie  and  rpsoarch,  and  complete  facilities  for  work 
in  analvtiral  chcinistn.'. 

The  Pittsburgli  Te!=tLng  Laboratorj'  has  perfected  improve- 
ments in  the  manufacture  of  glass,  dolomite  refractories,  and 
enamels  for  ra.st  iron.  The  metallurgical  researches  of  J.  0. 
Handy  have  Ijeen  technically  important,  his  investigation  of 
copper-bearing  steel  being  particularly  noteworthy. 

THX  PITT3BUEOH  EXPIEIMENT  STATION  OT  THE 
BUREAU  OF  MINES 

The  Pittsburgh  I'^xperimcnt  Station  of  the  Bureau  of  Mines, 
located  at  4800  Forbes  St.,  carries  out,  on  an  elaborate  scale, 
research  pertaining  to  safety  and  efficiency  in  the  mining  and 
metallurgical  industries.  Its  laboratories  are  splendidly 
equipped  with  apparatus  for  the  chemical  and  physical  testing 
of  explosives,  furnaces  for  studying  the  combustion  and  in- 
flammability of  gases  and  dusts,  and  aiip;vratus  for  research 
in  hydrocarbon  chemistn,\  There  is  a  constant-temperature 
room,  in  which  humiflity,  temperature,  and  air  movement 
can  be  accurately  controlled  for  making  studies  of  the  phys- 
ical effects  of  these  factors  in  connection  with  ventilation 
problems;  and  a  gas  chamber  for  investigations  on  gas  masks 
and  breathing  apparatus. 

The  research  accomplishments  of  this  station  are  numerous. 
Among  the  outstanding  achievements  are  the  following: 
Solution  of  the  problem  of  ventilating  vehicular  tunnels, 
such  as  the  one  imder  the  Hudson  River;  determination  of 
the  effects  of  carbon  monoxide  in  tunnels  and  mines  and  in  the 
indu.stries;  effects  of  low  concentrations  and  repeated  ex- 
posures to  carbon  monoxide,  etc.;  development  of  new  meth- 
ods for  determining  the  percentage  of  carbon  monoxide  in 
blood;  determination  of  forms  in  which  sulfur  occurs  in 
coal,  coke,  and  gas,  and  reactions  which  it  undergoes  during 
carbonization,  thus  prosiding  fundamental  data  for  the 
desulfurization  of  coke:  identification  of  the  gum-forming 
constituents  in  manufactured  gas,  with  a  view  to  the  elimina- 
tion of  gum  deposits  in  meters  and  gas-distribution  systems; 
determination  of  the  solubility  of  trinitrotoluene,  tetryl,  and 
other  explosives  in  various  organic  solvents;  use  of  silica  gel 
and  other  absorbents  in  removing  sulfur  and  gum-forming 
constituents  from  coke-oven  light  oil;  development  of  gas 
indicators  for  use  in  coal  mines;  and  development  of  gas 
masks  for  industrial  use. 

CHEMICAL  BE8EABCH  IN  EDUCATIONAL  INSTITUTIONS 
ThK  r.MVKK.SITY  OK  PiTTSUl'RUH 

C"hemi8tr>'  in  the  University  of  Pittsburgh  was  placed 
on  a  high  plane  I)y  the  lat<>  Francis  C.  Phillips,  dis- 
tinguishe<l  generally  for  his  investigations  on  natural  gas, 
petroleum,  and  iron  unil  steel,  and  the  present  staff  of  the 
Department  of  Chemistry  has  been  able  to  enlarge  the  facili- 
ties for  research  and  to  elevate  the  standards  in  accordance 
with  the  best  practice  in  chemical  petlagogy.  The  depart- 
inentnl  laUiratories,  while  small,  are  well  equipped  for  re- 
search in  organic  and  phy.sical  chemistr>'  and  in  gla.ss. 

The  Departments  of  Chemistrj'  and  Chemical  Engineering 
of  the  University  have  .several  advantageous  cooperative 
arrangements  with  the  Mellon  Institute  of  Industrial  R<-- 
wareh,  also  a  |)art  of  the  University.  The  Mellon  Institute 
provides  lecturers  on  si>eeial  technochemical  topics,  thus 
affording  direct  contact  between  the  students  and  specialists 
who  are  enu'/iged  in  studying  import.ant  problems  of  industry'. 
The  facilili 's  offertnl  by  the  Mellon  Institute  for  systematic 
training  in  research  m-HioHology  have  led  to  the  establish- 
ment of  uimlher  ■  ^ili'inship,  which  is  even  more 
vahiabl."  from  :■  Ipoint.  Reference  is  had  to 
the  provi.sicn  of                          iMant.ships  on  certain  of  the 


Industrial  Fellowships  of  the  Institute.  According  to  this 
arrangement,  properly  qualified  students  in  the  Department 
of  Chemical  Engineering  are  placed  in  salaried  assistantships 
during  the  periods  when  regular  cooperative  w-ork  is  re- 
quired. Tliis  plan  carries  the  proviso  that  the  student's 
thesis  work  is  to  be  done  under  the  direct  supervision  of  the 
Industrial  Fellow  under  wiiom  the  student  has  temporary 
emplo3'ment.  This  system  of  temporary  a.ssistantships  fur- 
nishes opportunities  for  the  well-trained  student  to  carry 
out  technically  important  research  and  thus  come  to  the 
notice  of  the  manufacturer  supporting  the  Fellowship  'on 
which  he  is  employed.    The  outstanding  importance  of  the 


Gas  Chamber   Used  for   Experimentai,   Purposes,   Pitisborch   Ex- 
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arrangement,  however,  is  that  it  gives  opportunities  for 
an  intimate  acquaintance  with  specific  industries  and  their 
I)roblems,  as  well  as  providing  intensive  training  in  scientific 
order  in  the  appUcation  of  research  procedure. 

Notable  Investigations  Conducted  at  Mellon  Institute 


Investigations 

Industrial  Fellows 

Years 

Physical  properties  of  glass 

E.  W.  Tillotson.  Jr. 

1911-  .. 

Bread  technology 

H.  A.  Kohinan  and  others 

1911-  .. 

Citrus  products 

F.  A.  McDermott 

1912-1913 

Electrical  precipitation 

W.  W.  Strong 

1912-1913 

Smoke  investigation 

R.  C.  Bcnner,  John  O'Connor 

Jr.,  and  otiiers 

1912-1914 

Pressed  glassware 

S.  R.  Scholes 

1912-1916 

Chemistry  of  petroleum 

R.   F    Bacon,  B.  T.  Brooks 

W.  F.  Faragher.  and  others 

1912-  .. 

Manufacture  of  carbon  dioxide, 

R.   H.    Brownlee  and   R.   H 

carbon  monoxide,  hydrogen 

Uhlinger 

1913-1915 

and  nitrogen 

Composition  flooring 

R.  R.  Shively 

1914-1916 

I'ractional  distillation 

M.  A.  RosanofT  and  others 

1914-1919 

Ilydrometallurgy  of  copper 

R.  F.  Bacon,  E.  R.  Weidlein 

G.  A.  Bragg,  and  others 

1914-1920 

OleGo  gases 

G.  O.  Currac  and  others 

1914-  .. 

Flotation  of  ores 

H.  P.  Corliss,  C.  L.  Perkins 

and  R.  E.  Sayre 

1915-1921 

Dental  cements 

C.  C.  Vogt 

1915-1921 

Chemistry  of  laundering 

H.  G.  Elledge,  A.  F.  Shupp 

and  others 

1915-  .. 

Naturiil  gas 

J.  B.  Garner 

1915-  .. 

Refractories 

R.  M.  Howe  and  others 

1916-  .. 

ny-product  coking 

F.  W.  Sperr  and  others 

191&-  .. 

Fiber  container 

J.  D.  Malcolmson 

1917-1921 

Heat  insulation 

G.  D.  Bagley  and  R.  H.  Heil- 

1917-  .. 

Glue 

R.  H.  Boguc 

1917-  .. 

Insecticides 

O.  F.  Hedenburg 

1917-  .. 

Food  and  beverage  flavors 

M.  DeGrootc 

1918-  .. 

Inks 

F.  F.  Rupert 

1918-  .. 

Protected  metals 

T.  H.  Young 
M.  S.  Davis 

1918-  .. 

Sulfur 

1919-1921 

Galvanizing 

W.  G.  ImhofI 

1920-   .. 

The  present  status  of  the  Industrial  Fellowship  System 
of  the  Mellon  Institute  is  presented  in  Director  E.  R.  Weid- 
lein's  Ninth  Anniml  Report,  an  abstract  of  which  appeared 
in  the  preceding  number  of  This  .Iouknal.     The  Institute 
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is  a  center  for  technical  investigation  in  chemistry  and  allied 
subjects.  Its  purpose  is  to  promote  industrial  success  through 
scientific  research ;  in  other  words,  to  find  new  materials  and 
new  processes  for  industrial  development  and  to  advance 
manufacturing  through  the  application  of  scientific  methods 
to  industry.  At  the  present  time  there  are  51  Industrial 
Fellowships,  or  distinct  lines  of  research,  in  operation,  on 
which  88  chemists  and  engineers  arc  engaged. 

Of  200  technocheinical  inventions  by  Industrial  Fellows  of 
the  Institute,  the  following  arc  considered  the  outstanding 
ones  from  an  economic  viewpoint: 


Dates  op 

Inventions 

Inventors 

Patents 

SjmtheUc  resins  ("redmanol") 

I..  V.  Redman 

1914 

"Arkady"  yeast  food 

H.  A.  Kohman,  Charles 
HoBfrnan.  T.  M.  God- 

frey, and  \.  E.  Blake 

1915 

Gtass-making  receptacle 

S.  R.  Scholes 

1916 

Hydrometallurgy  of  copper 

E.  R.  Weidlein 

1916 

Flotation  of  minerals 

H.  P.  Corliss 

1917 

Shortening  composition 

H.  A.  Kohman,  T.   M. 
Godfrey,    and    L.    H. 

Ashe 

1917    and    1919 

Flotation  of  minerals 

C.  L.  Perkins 

1917-1921 

Absorbent  material 

J.  B.  Garner 

1918 

Manufacture  of  enameled  ware 

R.  D.  Cooke 

1919 

Synthetic  acetylene 

G.  0.  Curme 

1919 

Acetaldehyde.  acetic  acid,  and 

acetone  prep-lration 

G.  0.  Curme 

1919 

Ethylene  preparation 

G.  O.  Curme 

1919 

Recovery  of  butane  and  propane 

J.  B.  Garner 

1919 

Contact  sulfuric  acid  process 

H.  H.  Meyers 

1919 

Paint  or  varnish  manufacture 

F.  W.  Sperr  and  Marc 

Darrin 

1919 

Dental  cement 

C.  C.  Vogt 

1919 

Gasoline  from  natural  gas 

T.  B.  Garner 

1920 

Dry  hme-sulfur  product 

b.  F.  Hedenburg 

1920 

Arsenate  of  lead 

O.    F.    Hedenburg    and 

D.  S.  Pratt 

1920 

Coating  materials 

J.  H.  Young 

1920 

Adhesive 

J.  D,  Malcolmson 

1921 

Flotation  of  minerals 

R.  E.  Sayre 

1921 

Liquid  glue 

D.  K.  Tressler 

1921 

Protected  metal  articles 

J.  H.  Young 

1921 

The  Carnegie  Institute  of  Technology 

The  Carnegie  Institute  of  Technology,  located  at  Schenley 
Park,  Pittsburgh,  maintains  a  Division  of  Cooperative  Re- 
search, the  function  of  which  is  to  encourage  research 
throughout  the  institution  and  to  establish  research  con- 
nections with  industrial  concerns.  The  Chemical  Research 
Section  has  laboratories  in  each  of  three  of  the  colleges  of 
the  Institute.  Chief  of  these  are  the  laboratories  of  chem- 
istry and  chemical  engineering.  These  laboratories,  located 
in  the  Science  Building  of  the  Engineering  College,  are  at 
present  occupied  primarily  with  research  on  petroleum  deriv- 
atives, and  also  the  use  of  electrohi:ic  methods  in  in- 
vestigating certain  nonaqueous  solvents,  colloids,  and  new 
alloys. 

In  the  teaching  laboratory  of  the  Department  of  Industrial 
Chemistry,  College  of  Industries,  research  is  being  conducted 
on  the  constitution  of  commercial  products  such  as  clay- 
jointing  compounds,  steel  castings,  and  alloys.  In  the 
chemical  laboratory  of  the  Margaret  ^Morrison  Carnegie 
CoUege  for  Women,  analyses  of  soaps  and  of  waters  from 
many  water  systems  are  being  made,  and  the  effects  of 
soaps  and  laundering  processes  on  various  fabrics  determined. 

The  most  important  recent  accomplishments  in  chemical 
research  at  Carnegie  Institute  of  Teehnolog\'  are  described 
in  the  article  on  "Some  New  Petroleum  Products"  by  J,  H. 
James,  published  in  the  February  1922  number  of  Chemical 
and  Metallurgical  Engineering. 

The  special  equipment  of  the  chemical  laboratories  of  the 
College  of  Engineering  includes:  double-effect  evaporator, 
Lunimus  extraction  apparatus,  Lummus  diffusion  apparatus, 
autoclaves,  large  hydrocarbon  oxidizing  apparatus.  Cook 
compressor,  motor  generator.  International  oxygen-hydrogen 
cell,  and  fractional  distillation  outfit. 

Related   laboratories   for   research   in   pure   and   applied 


science  are  maintained  by  the  departments  of  physics,  metal- 
lurgy, mining,  mechanical  engineering,  macliine  design, 
electrical  engineering,  and  civil  engineering.  Tlio  problems 
studied  are  characteristic  of  Pittsburgh  industries.  The 
physics  laboratories  are  engaged  on  problems  of  glass  manu- 
facture, such  as  the  effects  of  varying  compositions  of  boro- 
silicates  on  the  optical  properties  of  glass.  The  metallurgical 
laboratories  work  largely  on  problems  in  iron  and  steel. 
Special  equipment  for  metallurgical  research  includes  appa- 
ratus for  measuring  fatigue-resisting  properties  of  steels  in 
drill  pipe,  drill  rod,  etc.  The  geology  laboratory  is  studying 
Pennsylvanian  shales  and  coals,  and  the  faculty  of  the  De- 
partment of  Coal  Mining  has  the  cooperation  of  the  staff  of 
the  Pittsburgh  Experiment  Station  of  the  Bureau  of  Mines,  in 
directing  several  researches  on  problems  of  engineering  in 
bituminous  coal  mining.  The  Mechanical  Engineering  De- 
partment has  concentrated  chiefly  on  problems  of  lubrica- 
tion, thermodynamics,  governors,  and  steam-engine  design. 
This  department  has  detailed  plans  for  an  experimental 
rolling-mill,  the  erection  of  which  is,  however,  awaiting  the 
provision  of  additional  funds.  Such  a  mill  is  essential  for 
the  scientific  study  of  roll-pass  design  and  of  the  effects  of 
varying  pressures  and  speeds  on  the  properties  of  the  rolled 
steel. 

Allied  with  these  researches  is  the  program  of  the  depart- 
ments of  commercial  engineering  and  industrial  economics, 
which  are  at  present  engaged  in  a  comprehensive  study 
of  the  natural  resources,  power,  transportation,  labor  and 
finances  of  the  Pittsburgh  district;  while  problems  of  mar- 
keting, sales-organization  and  industrial  personnel  administra- 
tion are  studied  by  the  Bureau  of  Personnel  Research.  The 
cost  of  these  researches  is  financed  in  large  part  by  co- 
operating commercial  and  industrial  concerns. 

The  Carnegie  Institute  of  Technology  aims  to  foster  scien- 
tific research,  because  a  research  atmosphere  is  an  aid  to 
efficient  instruction  and  because  the  institution  recognizes 
its  obligation  to  utUize  to  the  full  its  facihties,  both  of 
brains  and  of  equipment,  in  the  service  of  the  industrial 
community. 

HOSPITAL  RESEARCH  LABORATORIES 

Research  in  biochemistry  is  being  carried  out  in  several 
hospital  laboratories,  in  addition  to  the  Department  of 
Physiological  Chemistry  of  the  School  of  Medicine  of  the 
University  of  Pittsburgh. 

The  William  H.  Singer  Memorial  Research  Laboratorj'  of 
Allegheny  General  Hospital,  Sandusky  Street  and  Park  Way, 
N.  S.,  Pittsburgh,  is  concerned  principally  with  the  study  of 
medical  problems,  but  several  of  the  researches  completed 
therein  are  of  chemical  interest.  Reference  is  had  to  the 
work  on  the  pathology  of  trinitrotoluene  poisoning  and  on 
the  bactericidal  action  of  arsenical  compounds  on  experi- 
mentally produced  Streptococcus  septicaemia. 

The  Magee  Pathological  Institute  of  Mercy  Hospital  is 
located  on  Stevenson  St.,  Pittsburgh.  Among  its  contri- 
butions to  biochemical  literature  have  been  the  following: 
Basal  metabolic  rate  in  constitutionally  inferior  children, 
rate  of  nitrogen  elimination,  a  micromethod  for  blood  sugar 
determination,  and  bacteriology  of  human  cystic  bile. 

The  new  chemical  laboratory  of  the  St.  Francis  Hospital, 
45th  St.,  Pittsburgh,  has  begun  research  in  biochemistry, 
although  to  date  it  has  been  engaged  mainly  in  equipping 
the  laboratory  and  standardizing  technic  for  clinical  u.se. 

The  laboratorj'  of  West  Perm  Hospital,  4800  Friendship 
Ave.,  Pittsburgh,  is  well  equipped  for  pathological,  bac- 
teriological, and  biochemical  research.  It  has  just  com- 
pleted an  important  investigation  of  the  value  of  certain 
dried  foods  in  the  prevention  of  scurvy. 
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Pittsburgh  as  an  Industrial  Center' 

By  J.  H.  James  and  W.  F.  Rittman 
Casnbcib  iKSTrrimB  of  Tbchnolocv,  Pittsbcrgh,  Pa. 


IT  WOULD  be  intcre.^ting  if  some  writer  in  the  field  of 
industrial  economics  would  trace  the  historj-  of  each 
of  the  industrial  cities  of  our  countrj',  giving  reasons, 
geographical  and  otherwise,  that  led  to  its  specialization  in 
manufacturing.  These  reasons  in  some  cases  have  no  con- 
nection with  any  stra- 
tegic .situation  of  the 
city  in  its  transporta- 
tion facilities,  or  its 
pro.ximity  to  raw  mate- 
rials, hut  depend  upon 
tlie  accidental  location 
in  that  place  in  its  early 
days  of  a  strong  indi- 
vidual with  the  enthu- 
siasm and  the  vision 
to  work  out  the  de- 
velopment of  an  indus- 
try that  later  domi- 
nated the  district. 
Location  and  Tr.vns- 
PORTATION  Facilities 
Pittsburgh,  the  ninth 
cityvvith  its  population 
of  600,000,  is  the  hub 
of  the  fifth  metropoli- 
w.  F.  Rittman  tan     district    of    the 

countrj',  which  imme- 
diate district  has  a  population  in  excess  of  1 ,200,000.  Within 
the  radius  of  a  night's  trainride  there  is  a  population  of 
over  60,000,000,  more  than  one-half  the  people  of  the  country. 
The  geographical  position  of  Pittsburgh  alone  is  sufficient 
to  have  brought  about  the  development  of  a  great  city. 
At  the  junction  of  the  Monongahela  and  Allegheny  River.*, 
with  the  great  Ohio  stretching  away  to  the  south  westward, 
and  l>cing  in  water  communication  with  all  the  valleys  of  the 
great  Missi.s.Mippi  Basin,  it  holds  a  strategic  position  for 
distribution. 

Pittsburgh  is  the  central  radiating  point  for  si.\  major 
railroads  of  the  country,  and  thereby  offers  transportation 
facilities  second  to  none.  The  tonnage  originating  in  the 
Pitt*<burgh  District  is  larger  than  the  combined  tonnage  of 
New  York  and  Boston,  and  is  far  in  excess  of  that  of  any 
European  port.  Tlie  Monongahela  River  alone  in  1920 
floated  24,000,000  tons  of  freight,  an  amount  equal  to  the 
combined  tonnage  of  the  Suez,  Panama,  and  Kiel  Canals. 
Natural  Resources 
Remarkable  as  the  factor  of  location  has  been  in  Pitts- 
burgh's military  and  political  hi.story,  this  city  would  never 
have  l)een  anything  but  a  distributing  point  for  the  great 
Middle  West,  had  it  not  also  had  easy  access  to  a  most 
wonderful  group  of  natural  resources.  These  natural  re- 
sources, coupled  with  the  location  and  the  indomitable  spirit 
of  the  people,  make  her  to-day  "The  Workshop  of  the  World," 
and  from  ( iic  earliost  days  of  the  j'oung  republic  we  find  here 
the  utilization  of  th(>s<;  nalur.il  resources  that  are  of  prime 
importance  to  the  industrial  chemist. 

'  Composltt  ol  >ddrc«<r .  bv  the  uutbors  la  ht  presented  at  the  64th 
Mectifli  of  the  Amerinn  Chrmical  Society,  Pilliburxh,  P«.,  September  i 
to  B.  1923. 


For  any  manufacturing  we  must  have,  of  course,  first  of  all, 
a  cheap  and  abundant  fuel.  Pittsburgh  is  in  the  heart  of  the 
northern  half  of  the  great  Appalachian  bituminous  coal 
field.  The  "Pittsburgh  Seam"  is  known  the  world  over,  and 
it  is  a  satisfaction  to  Pittsburghers  to  know  that  at  a  lower 
level,  and  not  yet  mined  to  any  great  extent,  we  have  the 
"Freeport  Seam,"  insuring  the  supremacy  of  this  district 
for  years  to  come.  The  annual  production  from  the  Pitts- 
burgh Seam  alone  is  over  100,000,000  tons,  approximately 
one-fifth  of  the  country's  bituminous  coal  output.  The 
importance  of  this  abundant  fuel  supply,  with  its  resultant 
cheap  power  supply,  is  in  itself  a  major  influence  and  of 
primary  importance  to  the  industrial  man,  and  more  partic- 
ularly to  the  chemical  industry  requiring  power  or  fuel  in 
a  variety  of  forms. 

The  natural  gas  of  the  district  is  being  sold  at  about  one- 
fifth  tlie  cost  of  manufactured  gas,  when  considered  on  a 
heat  or  B.  t.  u.  basis.  It  is  because  of  this  natural  gas  supply 
that  Pittsburgh  is  .of  primary  importance  as  a  glass  manu- 
facturing center. 

Industrial  Development 

It  appears  pretty  well  settled  that  as  early  as  1795  there 
was  established  a  window-glass  factory  of  eight  pots  on  the 
west  side  of  the  Monongahela  River,  and  that  General 
O'Hara  erected  his  window-glass  plant  in  the  summer  of 
1797.    At  tliis  time  the  population  of  Pittsburgh  was  1565. 

Glass  manufacture  gradually  increased  in  volume.  We 
find  that  the  glass  factories  in  1S04  turned  out  products  to 

the  value  of  S12,500, 
including  window 
glass,  bottles,  jars, 
lilue  glass,  and  decan- 
ters. In  1807  the 
O'Hara  works  alone 
turned  out  S18,000 
worth  of  products.  In 
1 8.3 1  it  is  reported^  that 
there  were  four  win- 
flow-glass  houses  and 
four  flint-glass  houses, 
employing  102  hands, 
using  7000  cords  of 
wood,  150,000  bu.  of 
coal,  and  turning  out 
jiroducts  to  the  extent 
(if  $500,000.  Without 
spending  time  to  trace 
J   H  jAMKs  tiie     glass     manufac- 

turing development 
through  the  nineteenth  century,  it  is  sufficient  to  note  that 
there  was  a  steady  and  at  times  a  phenomenal  growth  in  this 
industry  in  Pittsburgh.  For  example,  in  1886  we  find  that 
the  use  of  natural  gas  had  begun,  and  the  operators  were  con- 
gratulating themselves  on  the  more  brilliant  product  obtained, 
particularly  in  the  case  of  tablew^are  and  lamp  cliimneys. 

While  Pittsburgh  cannot  boast  of  such  a  scientific  develop- 
ment of  glass  production  as  we  have  seen  at  Jena,  yet  there 
have  been  engineering  improvements  that  represent  equally 

•  Thurston's  "Pittsburgh's    Progress,"    1886. 
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as  inucli  in  anotlicr  direction — the  writers  refer  to  the  machine 
production  of  glass  bottles,  etc.,  and  the  wonderful  window- 
glass  machine.  Pittsburgh  cai)ital  and  I'ittsburgh  technolo- 
gists have  been  closely  connected  with  these  developments, 
and  from  the  modest  beginning  in  the  early  part  of  the 
niuetoenth  century,  to-day  tiie  industry  musters  62  factories 
with  over  3000  pots,  an  cmiiloymcnt  of  2.'), 000  workers  in 
normal  times,  and  an  annual  i)ayroIl  of  over  $20,000,000. 

Altliough  glass  manufacture  preceded  that  of  iron  in  Pitts- 
burgh, it  was  not  long  before  the  iron  ores  of  the  district  were 
smelted  and  a  thriving  business  developed,  particularly  in 
making  iron  for  castings.  The  rapidly  growing  country  to 
the  westward  absorbed  the  products  of  these  early  furnaces 
and  foundries. 

It  sounds  strange  in  this  day  of  beehive  coke  and  by- 
product coke  to  hear  that  the  first  iron  ores  in  this  district 
were  smelted  with  charcoal.  George  II.  Thurston,  writing 
in  1857,  notes  that  the  first  "coke  metal"  was  of  inferior 
quality,  but  that  later  experience  both  at  the  blast  furnace 
and  the  puddling  furnace  had  obviated  this  difficulty. 

In  any  discussion  of  Pittsburgh's  iron  and  steel  develop- 
ment it  should  be  emphasized  that  the  real  inventor  of  the 
well-known  Bessemer  process  was  Kelly,  a  Pittsburgher. 

Three  imjiortant  events  took  place  in  the  latter  half  of  the 
nineteenth  century  which  placed  the  United  States  in  the 
lead  as  a  steel-producing  country. 

The  first  of  these  was  the  development  of  the  Kelly-Besse- 
mer process,  and  the  second  was  the  entrance  of  Mr.  Andrew 
Carnegie  into  the  steel  business.  Although  Mr.  Carnegie 
had  already  embarked  in  a  small  way  in  iron  and  steel  man- 
ufacture, he  at  first  opposed  the  adoption  by  his  firm  of  the 
Bessemer  process.  The  story  goes  that  a  little  later  he  stood 
in  an  English  steel  plant  w\atching  a  Bessemer  converter  in 
full  blast.  The  spectacle  of  30,000  lbs.  of  pig  iron  converted 
into  steel  in  a  few  minutes  changed  Mr.  Carnegie  from  a 
somewhat  aimless  investor  and  speculator  into  a  steel  enthu- 
siast. It  is  stUl  further  related  that  tliis  rapid  and  cheap 
production  of  steel  opened  up  for  him  the  vision  of  replacing 
all  the  wooden  bridges  of  the  Pennsylvania  Railroad  with 
steel  structures,  an  accomplishment  to  which  his  firm  later 
contributed  largely. 

The  third  great  factor  in  the  development  of  steel  manu- 
facture was  the  opening  of  the  great  Superior  ore  properties. 
The  hard  ore  mines,  opened  in  the  seventies  and  eighties, 
and  followed  by  the  Mesaba  in  the  early  nineties,  placed 
the  United  States  ahead  of  any  other  steel-producing  country 
in  the  world,  and  Pittsburgh,  because  of  the  fact  that  it  was 
already  an  iron  center,  became  the  leading  steel  center  of  the 
United  States  and  of  the  world. 

The  Bessemer  ores,  which  served  in  the  earlier  part  of  the 
period  outlined,  have  begun  to  decline,  and  we  have  had  a 
gradual  increase  in  the  basic  open-hearth  process.  Pitts- 
burgh's natural  gas  has  contributed  in  a  remarkable  manner 
to  the  cheap  manufacture  of  steel  from  the  Superior  ores. 
With  the  present  rapid  decline  in  the  natural  gas  supply, 
producer  gas  from  bituminous  coal  is  taking  an  important 
position  in  the  steel  industry. 

The  steel  man  is  primarily  interested  in  metallurgical 
coke,  and  as  a  result  the  by-product  coke  industry  has  been 
wedded  to  the  steel  industry.  We  have  had  a  great  deal  of 
loose  talk  in  this  country  about  the  belated  development  of 
by-product  coke. 

It  should  be  pointed  out  that  the  steel  industry  is  probably 
one  of  the  most  sensitive  in  the  country  to  the  fluctuations 
of  business.  The  steel  manufacturer  would  hesitate  about 
the  installation  of  an  expensive  by-product  coke  plant  which 
he  might  have  to  close  do\\-n  within  a  year  or  so.  Assuming 
a  ready  market  at  all  times  for  all  the  by-products  except  the 


gas,  he  would  be  compelled  to  stock  coke  in  ;i  time  of  depres- 
sion with  no  market  for  the  gas.  A  market  for  gas  means 
usually  a  contract  with  a  local  public  utility  corporation. 
Gas  would  be  demanded  for  domestic  purposes  in  dull  times 
and  in  good  times,  but  the  steel  man  can  use  the  gas  in  his 
own  plants  in  good  times. 

All  these  objections,  however,  diminish  when  we  see  how 
by-product  coke  manufacture  is  handled  by  the  United 
States  Steel  Corporation  at  its  local  Carnegie  plants.  At 
Clairton  is  now  the  largest  by-product  plant  in  the  world,  and 
work  has  already  begun  on  an  addition  that  will  double  its 
jjrcsent  capacity.  The  Clairton  plant  ran  all  tlirough  the 
recent  business  depression;  this  plant  sends  the  gas  to  the 
steel  mills  at  Duquesne,  Edgar  "Thomson,  and  Homestead. 
By  transferring  business  from  other  parts  of  the  country  to 
these  plants,  the  Clairton  by-product  plant  was  kept  in 
operation. 

It  seems  certain,  therefore,  that  as  far  as  metallurgical 
coke  is  concerned,  the  bj--product  development  will  succeed 
best  with  the  largest  corporations. 

It  is  but  logical  that  along  with  the  growiih  of  "tonnage" 
steel  manufacture  we  should  have  the  manufacture  of  alloy 
steels.  Crucible  steel  manufacture  is  an  important  factor 
in  Pittsburgh's  steel  activities.  At  this  point  we  should  pay 
our  tribute  to  the  man  whose  vision  and  enthusiasm  as  a 
capitalist  made  possible  the  realization  of  the  dreams  of  a 
chemist;  the  capitalist,  the  late  Mr.  .Jos.  M.  Flannery,  and 
the  chemist,  Mr.  J.  Kent  Smith,  worked  over  inuaense  ob- 
stacles to  the  successful  production  of  vanadium  alloys. 
To-day,  the  company  which  they  founded  is  the  greatest 
producer  of  vanadium  in  the  world,  and  a  monument  to  these 
pioneers  in  a  difficult  field  of  metallurgical  development. 

The  growth  of  iron  manufacturing  in  Pittsburgh  gradually 
attracted  other  industries  which  might  be  called  iron  sub- 
sidiaries: these  include  iron  galvanizing,  tin  plate,  sulfuric 
and  hydrochloric  acids,  and  in  late  years  we  have  seen  the 
interesting  development  of  zinc  and  sulfuric  acid  manufacture 
here,  as  well  as  many  other  chemical  industries  (see  table). 
The  reasons,  freight  rates,  markets,  etc.,  which  prompted 
capitalists  to  locate  the  latter  industries  in  Pittsburgh,  make 
an  interesting  study  for  the  industrial  chemist. 

Although  aluminium  manufacture  is  now  centered  else- 
where, it  should  be  remembered  that  Hall  made  his  early  ex- 
periments here,  and  that  Pittsburgh  capital  supported  him. 
The  headquarters  of  the  successor  company  is  still  in  Pitts- 
burgh, and  one  of  the  largest  ahmiinium  rolling  mills  is 
located  near  the  site  of  Hall's  early  experiments. 

Pittsburgh  is  becoming  known  as  the  "Electric  City," 
because  of  its  efficient  means  for  changing  coal  into  electricity. 
The  district  is  served  by  two  major  utility  companies,  which 
are  able  to  sell  power  on  such  favorable  terms  that  most 
manufacturers,  and  particularly  the  smaller  ones,  prefer  to 
purchase  power  in  the  form  of  electricity.  The  city  has  the 
largest  steam  power  central  station  in  America.  The  new 
Colfax  plant  has  one  operating  unit  of  80,000-h.  p.  capacity, 
with  a,  second  80,000-h.  p.  unit  now  under  construction. 
Ultunately,  as  the  power  demands  increase,  this  one  plant 
wiU  have  six  turbines  of  80,000-h.  p.  capacity,  a  total  power 
development  of  480,000-h.  p.  capacity.  The  combined  elec- 
trical horse  power  of  the  two  pubhc  utility  companies 
serving  in  the  Pittsburgh  District  will  be  about  1,000,000 
h.  p.  The  power  generating  plants  are  located  directly 
adjacent  and  in  direct  open  communication  to  the  coal  mines, 
making  power  as  cheap,  if  not  cheaper,  than  in  any  other  local- 
ity in  America. 

The  story  of  petroleum  reads  as  much  like  a  romance  as 
the  story  of  steel,  and  the  discovery  of  petroleum  and  its 
ultimate  utilization  was  the  w-ork  of  Pittsburghers.     It  seems 
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well  authenticated  that  Mr.  George  H.  Bissell  and  Dr.  F.  B.  paper  and  printing,  297;    textile  and  textile  products,  193; 

Brewerof  Pittsburgh  were  the  prime  movers  in  the  formation  clay,  stone  and  glass  products,  169;    chemicals  and  allied 

of  a  company  called  the  "Pennsylvania  Rock  Oil  Company,"  products,  1G5;   lumber  and  its  re-manufacture,  96. 

which  included  some  New  Haven  capitalists  and  Prof.  B.  „                  .                 ^ 

niuLii                                               .  1      .        I.             .u-                          »i     4-  Industries  op  Pittsbdrgh,  Au.sghbh¥  Codnty,  and  the  Pittsburgh 

Silliman,  Jr.,  who  was  president.     It  was  this  company  that  district 

employed  Colonel  Drake  of  New  Haven  to  sink  an  artesian  ^^^^  ctunfy  ofst! 

well      Work  on  this  well  was  begun  early  in  1859  and  oil  was     Aluminium  and  its  Products 2  3  8 

struck  on  August  28,  1859 ;  the  production  was  ten  barrels  a     Automobiles  and  Parts 35        4i        46 

day,  w-ithout  pumping,  and  the  oil  sold  for  fifty  cents  per  ^^^^^^^^^^ '^^^  ^^  ^ ! ' !  ^ .  ^ ! !  ^ ! !  ^  ^  ^ ! ! ' !  ^  ^  ^ !  ^  ^  ^ !  ^      13        32        32 

gallon.  Billets — Blooms  and  Slabs S  12  19 

The  rapid  growth  of  oil  refining  is  .shown  by  the  following  ifi^„^d''Bron«1J;.Sucts;  •.•.■.:::•.::::::::::::::::    23     si     II 

figures:  in  Pittsburgh,  one  year  after  the  opening  of  the  Drake      Bncks 22        37        67 

well,  .-wven  refineries  had  been  erected,  bringing  oil  into      Canned  and  Preserved  Goods 28        31        35 

■  use  a.«  an  illuminator  and  a  lubricator,"  as  one  of  the  local  i^sUng?— fron  and  steei.V.: ! ;;::.:  i!  I!  i.:.'  i.!  i!.' !      44        64        97 

historian-s  records  it;   in  1861,  17  new  refineries  were  added;     §^^^?,'^,v iJ         jg        20 

in  1862, 9  new  ones.and  in  1863, 15  additional  were  constructed,  cheroots  and  stogies! !!!!!;;;;;;;;;;;!!;;!!!!!  ii!     23        23        27 

By  the  year  1867,  the  Pittsburgh  district  liad  58  refineries     ^'^^f'  ^■"'  ^°"^  ^"^'"''" 16        22        2I 

and  supplied  over  60  per  cent  of  the  whole  foreign  expor-  gjf/ -By.produii  and  Beehive. V.  ■.■.::  i!  T.:: :::::  i!      10        12        si 

tation  of  petroleum.  Coal— Bituminous 142         207         479 

While  the  later  centralization  of  petroleum  refining  and        "'' ^  * 

the  development  of  pipe-line  transportation  of  the  crude     Forgings— iron  and  Steel 25        34        42 

have  changeil  the  aspect  of  oQ  refining  from  what  it  was      Gasoline 35        44        60 

when  Pittsburgh  boa.st«d  of  58  refineries,  this  city  is  still  a  ciSI—La'^aid  Chimneys".'.  ■.;■.:  i! :::::::::::::: !       0         "        ^9 

factor   in   the    petroleum   industry.     The   headquarters   of     §{|^ZTa*breware 2  6         le 

many  of  the  l.irge  oil  firms  are  locat-ed  here,  and  Pittsburgh's  a^s— window. ...'.y. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. '.'.'.       226 

capital  and  technical  skill  are  now  going  to  all  the  oil  countries     °'"°  """^  "^''*"° "  '  '■ 

of  the  world.  Hoops,  Bands  and  iron  Ties 7  11  14 

It  may  seem  like  an  anomaly  that,  in  a  district  dedicated      ingots^iron  and  steel 9        is        24 

to  the  element  iron  which  has  determined  our  engineering      """     '* 

and  material  development,  we  should  have  the  first  large-     ^'^^  *  *  * 

scale  development  of  the  element  radium,  whose  study  has      Machinery  and  Parts 47        55        72 

,...,,.,.,  I.  •'  Mens  Clothing 32  32  33 

revolutionized  chemical  thought.  Meters.  . 2  3  4 

In  1911,  Joseph  M.  Flaimery  of  Pittsburgh  with  his  asso-       ^°""^-  Dy°»"°^-  Generators.  Etc 6  8  8 

ciates  organized  the  Standard  Chemical  Company,  securing     R-1^~S"J?* fi        02        25 

camotite  ore  claims  in  southwestern  Colorado  and  Utah,  and  on  WeUSuppUes'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.       i          1        11 

having  in  mind  the  production  from  carnotite  of  radium  and     Paper— Printing  and  Wrapping 4  5  6 

the  associated  values,  uranium  and  vanadium.     After  large      pjp'^?  ^"^  Cubing 17        20        28 

.  J      ]■  i      ii     i  III  1     ,  Planmg  Mill  Products 39  57  90 

investments  and  niscouragcments  that  would  have  led  an      Plates— iron  and  stcci... 4  7  9 

ordinary  man  to  give  up,  the  first  production  of  radium  on  a  p^Jmp^^anS  vaiv^!''!"^-. ;.: ! ::::;::::::::::::::::  ^^8     ^°8     'U 

commercial  ."fcale  in  America  was  made  by  tliis  company  in  „   .. 

1913.    The  chemical  treatment  of  the  ore  is  made  at  Canons-  Rails— iron  and  steei. '.'.'.  '.'.'.'.\'.\'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.       i          2          2 

burgh,  21  miles  southwest  of  Pittsburgh,  and  the  final  purifi-  l^?i^L°e?afoTaiS  ice  Boxes!  i !!!!!!!!!!!!!!!!!!!!!       I        '3        i 

cation  of  the  radium  is  made  at  the  laboratory  at  Forbes      Repair  Shops 5  7         11 

Street  and  Meyran  Ave.,  Pitt.-iburgh.     The  production  of     Sand  and  Gravel 14         17        25 

radiuin  wa.M  rapidly  increased,  owing  to  the  demand  for  this  ihapl-¥t™i?umf '^.\°"".°.\"^.^.T.'!'."."! !!!!!!      13         lu         li 

material  in  Furope  just  prior  to  the  outbreak  of  the  war.  the     Sheets— iron  and  Steel 4  7         11 

I       ..  iiM  1  .•         »      n /•  r         1-  1  Ships  and  Boat  Building 8  10  10 

pnKluction  in  1914  amounting  to  9.6  g.  of  r.adium  element,     slaughtering  and  Meat  Packing is         is        21 

The  company  founded  by  Mr.  Flaimery  is  now  the  strongest  ioap^ald'soapPowd^.'.V.V.! ! !!!!:!!!!!!!!!!!!!!!       s         i         8 

ronceni  engaged  in  refining  carnotite  ore,  having  prfxluced     Springs 9         12        14 

,w,  f        1-  loi'j  1  •  ,,  Supplies — Electrical 22  23  32 

90  g.  of  radium  .nmce  191.<,  and  [w.-^-icssing  ore  nwrvos  capable      stoves,  Heaters  and  Ranges 14         14         2i 

of  pnKlucing,  on  the  lowest  estimate,  OV,-r  1000  g.  of  radium       Terra  Cotta  and  Fire-Clay  Products n  14  38 

element  in  the  nmslie<l  product.  Tin  and  Tcme  Plates 6  8        12 

I  I  .  ,  I,.,,   II  ^       ■        1  Toys  and  Games 3  4  6 

In  speaking  of  Pittsburgh,  one  may  refer  to  the  corporate 

city,  the  county,  or  thn  metropolitan  Pittsburgh  District.  w"^,??:i;rhi"et  and  wrinTiS*;-.: !!!!!!!!!!!!!!!       I         I        'I 

The  following  table  gives  a  list  of  Pittsburgh  industries  with     wire  Products 12         iti        22 

,1  I  fill         .1-  1/..I  .  Woolen  and  Worsted  Yarns 0  2  1 

the  number  of  plants  locat<>d  in  each  of  these  sections. 

A  study  of  this  table  shows  that  the  metal  and  metal  ■  includes  Pittsburgh.     '^°''*'' '""'      '''^     ^'^^ 

products  industries  hold  first  place.  With  391  of  these  in- 
dustries in  Pittsburgh,  119  in  Allegheny  County  outside  of  Financial  Facilities 
r^tt.sburgh,  and  a  total  of  6<)  I  in  the  Pittsburgh  District,  most  Despite  the  generally  accepted  axiom  that,  given  time, 
of  whi.-h  are  fabn.-almg  iron  and  steel  and  their  prwlucts,  finance  follows  industry,  the  element  of  the  credit  and  financial 
It  1.S  apparent  why  Pittsburgh  is  called  the  Steel  City  and  the  facilities  of  aiiv  community  is  important  to  the  industrial 
Pittsburgh  District  is  a  st«-l  center.  These  comprise  32  leader,  more  particularly  when  the  pioneer's  facilities  are 
per  cent  ol  the  industries  of  the  district.  such  that  he  cannot  wait  on  the  "time"  element.     In  making 

A8  might  be  exp.cte<l,  the  next  largest  industrial  activity,  the  financial  appraisal  of  a  comiiuiiiity  with  a  view  of  estab- 

measurtHl  by  the  miniber  of  industries  in  the  district,  is  th.at  lishing   an    industry,    the   controlling   elements   are   three: 

of  mines  ami  quarnc-,  |.iim.i|vJIv  coal,  an.l  numbering  519  facihties  for  credit  information,  facilities  for  marketing  com- 

in  the  (li.strict.      .  !»■  im,,,,.-  mi  ,,  .l.wtnes  ranking  next  are:  mercial  paper  on  a  national  scale,  and  availability  of  New 
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York  finance.  Through  the  evohition  of  various  credit 
information  bureaus,  Pittsburcjh  to-day  has  facihties  in  this 
direction  second  to  none  in  the  country.  Of  tiie  fifteen 
commercial  paper  houses  in  America  to-day,  four  are  located 
in  Pittsburgh.  Tliis  means,  that  should  money  be  cheaper 
in  San  Francisco,  or  in  any  other  community  in  America, 
than  in  Pittsburgh,  by  means  of  these  commercial  paper 
liouses,  the  Pittsburgh  manufacturer  can  get  the  benefits 
of  that  market. 

In  the  element  of  finances,  it  is  to  be  noted  that  the  authors 
refer  to  availabiUty  to  New  York  finances.  This  is  a  direct 
recognition  of  New  York  as  the  center  of  all  major  financing. 
Many  cities  attempt  to  show  themselves  as  major  elements  in 
national  financing  projects,  but  a  consideratiim  of  the  trans- 
actions of  their  local  stock  markets  and  their  achievements 
in  financing  large  new  industries  as  compared  with  New  York, 
shows  such  claims  to  be  without  foundation.  The  effort  of 
Pittsburgh  financial  leaders  in  dealing  with  national  financial 
problems  has  not  been  one  of  financial  comp(>tition  with  New 
York,  but  instead  the  effort  and  the  result  has  been  that  Pitts- 
burgh financial  institutions  to-day  are  able  to  offer  their 
clients  all  the  advantages  of  New  York,  Boston,  and  Phila- 
delphia, as  well  as  of  Pittsburgh,  either  for  the  purposes  of 
home  manufacture  or  foreign  trade. 
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Pittsburgh  Bank  Clearings,  1911-1921 

Regardless  of  this,  Pittsburgh  as  a  financial  community 
is  in  the  forefront  of  American  cities.  With  bank  clearmgs 
in  1911  of  about  $2,500,000,000  these  have  grown  to  more 
than  three  times  that  much  during  the  past  decade.  Pitts- 
burgh has  78  banks  and  trust  companies,  with  a  capital  of 
S63,000,000  and  a  surplus  of  $95,000,000,  and  with  sa\-ings 
deposits  of  $323,000,000.  One  institution  alone  has  a  com- 
bined capital  and  surplus  of  S39,000,000,  a  figure  which 
compares  favorably  with  any  financial  mstitution  in  the 
world.  The  assessed  valuation  of  Allegheny  County's 
property  Is  §1,800,000,000,  an  amount  greater  than  any  one 
of  34  states  of  the  United  States. 

Such  is  a  brief  account  of  the  industrial  development  of 
Pittsburgh.  Enough  has  been  given  to  show  that  the  people 
who  settled  in  this  district  have  risen  to  the  occasion  in  the 
development  of  their  resources,  and  have  met  ever>'  challenge 
imposed  by  the  city  with  reference  to  the  developing  valleys 
to  the  westward.  To-day,  Pittsburgh  stands  one  of  the 
industrial  giants  of  the  world,  having  satisfaction  for  work 
well  done,  and  seeing  even  greater  promise  for  future  develop- 
ment. 


Tlie  Paint  Industry 

By  A.  H.  Sabin 
Consulting  Ciikmist,  National  LBad  Co..  Nbw  York,  N.  V. 

RELATIVrCLY  little  can  be  said  of  progress  in  the  paint 
industry.  During  1921  titanium  oxide  became  im- 
portant enough  commercially  to  be  recognized  i)y  the 
l)aint  trade.  It  is  produced  by  a  single  company;  is  obtained 
from  a  deposit  of  ilmenite  (double  oxide  of  titanium  and  iron) 

found  in  Florida  asso- 
ciated with  zircon, 
rutUe,  garnet,  mona- 
zite,  etc.,  from  which 
it  is  separated  by  mill- 
ing and  concentrating; 
and  then  shipped  to 
Niagara  Falls,  where  it 
is  treated  in  an  electric 
furnace,  and  then 
leached  with  dilute 
sulfuric  acid  to  make 
a  crude  titanium  oxide. 
This  is  dissolved  in 
strong  sulfuric  acid, 
and  is  then  partly 
diluted  with  water. 
Barium  sulfate  (blanc 
fixe)  is  added,  more 
water,  and  then  treated 
until  hydrated  ti- 
A  H  Sabin  taiiium  oxide   precipi- 

tates in  intimate  mix- 
ture with  the  barium  sulfate.  It  is  dewatered,  calcined, 
and  pulverized.  The  finished  product  contains  75  per  cent  of 
barium  sulfate  and  25  jier  cent  of  titanium  oxide  and  is  sold 
under  the  trade  name  of  Titanox.  As  in  the  case  of  hthopone, 
the  opacity  of  the  final  product  is  nearly  as  great  as  that  of  its 
opaque  ingredient.  Hydrofluoric  is  the  only  common  acid 
which  attacks  it.  It  makes  a  soft  film  iivith  oil,  and  is  mixed 
with  25  to  40  per  cent  of  zinc  oxide  to  harden  it.' 

The  makers  of  hthopone  claim  that  they  are  progressmg  in 
making  it  less  Uable  to  change  by  the  action  of  hght,  and  this 
seems  to  be  generally  conceded.  It  is  said  to  be  due  not  so 
much  to  any  new  discovery  as  to  increased  care  and  knowledge 
of  the  processes  involved.  Lithopone  is  used  to  some  extent 
in  outside  paints,  but  two  of  the  foremost  makers  express 
doubt  as  to  its  value  for  this  use. 

There  appears  to  be  nothing  new  in  the  paint  vehicles. 
Perilla  oil  seems  to  have  secured  a  permanent  place,  so  much 
so  that  all  offerings  are  taken,  usually  at  a  price  above  that  of 
linseed  oil;  it  is  chiefly  used  in  the  varnish  industry. 


Research  in  Wood  Finishing 
Dr.  A.  H.  Sabin,  working  in  cooperation  with  the  Forest  Prod- 
ucts Laboratory,  the  Engineering  Foundation,  and  the  National 
Research  Council,  is  largely  responsible  for  the  organization  of  a 
committee  which  is  going  forward  with  the  organization  of  re- 
search in  wood  finishing. 

We  have  groups  of  men  who  are  well  versed  in  the  character- 
istics of  different  woods  and  others  who  through  research  and 
experience  have  important  data  on  finishing  materials,  but  the 
two  groups  have  not  combined  their  knowledge  on  the  solution 
of  the  problem  of  making  articles  of  wood  more  enduring.  There 
is  much  research  still  to  be  done,  but  the  first  work  of  the  com- 
mittee is  the  assembling  of  data  in  the  literature,  the  reports  of 
experienced  painters  and  finishers,  and  in  general  the  collection 
of  what  is  known  of  the  present  state  of  the  art.  The  initial  work 
is  being  underwritten  by  industries  concerned  in  the  use  of  wood 
finishers  and  the  work  of  research  is  being  initiated  at  the  Forest 
Products  Laboratory,  Madison,  Wis. 
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Pittsburgh  as  a  Center  of  Chemical  Education 

By  E.  H.  McClelland 

Technolocv  Librarian,  Carnegie  Library  op  Pittsburgh,  Pittsburgh,  Pa. 


PrrrSBUllGH,  by  reason  of  its  industrial  supremacy,  has 
long  been  characterized  as  "The  Workshop  of  the 
World."  The  city  has  won  wide  fame  also  as  a  cen- 
ter of  enpneering  activity.  There  is  an  old  but  unveri- 
fiable  tradition  that  one  in  five  of  the  engineers  in  this  coun- 
try spend.s  some  part  of  his  life  in  Pitts- 
burgh, and  monuments  to  the  ability  of 
Pittsburgh  engineers  exist  in  the  form  of 
important  engineering  achievements  in  all 
parts  of  the  world. 

Despite  the  recognition  of  Pittsburgh's 
preeminence  in  industrial  and  engineering 
lines,  there  has  been  little  general  reali- 
zation of  her  importance  as  a  center  of 
chemical  work  and  chemical  training. 
This  may  be,  in  part,  because  the  chem- 
ist's work,  however  important,  is  not 
spectacular  and  the  results  are  not  con- 
spicuous, and  because  the  layman  does  not 
understand  the  nature  of  chemical  work 
and  thus  the  public  in  general  remains  un- 
informed regarding  the  true  significance  of 
the  chemist's  achievements. 

It  hiis  been  said  that  60  per  cent  of  manu- 
facturing is  chemistry.  This  statement 
applies  with  particular  force  in  the  Pitts- 
biirgh  region  where  the  manufacture  of  the 
more  important  products,  such  as  steel, 
glaos,  and  coke,  is  under  chemical  control. 

As  a  matter  of  fact,  Pittsburgh  Ls  an  important  center 
of  chemical  industry,  as  will  be  competently  set  forth  elst»- 
where  in  this  issue  of  the  Journ.^l.  In  the  scientific  control 
of  this  indus'try,  as  well  as  in  chemical  consultation  and  re- 
search, Pittsburgh  employs  thousands  of  chemists,  and  she 
is  in  very  largo  measure  training  them  to  meet  the  demand. 

From  a  recent  survey  of  "Investment  in  Chemical  Educa- 
tion in  the  United  States,  1920-1921"'  con.sidering  all  the 
larger  colleges  and  universities,  it  appears  that  Pennsj'l- 
vania  leads  in  the  number  of  institutions  reporting  (33),  is 
fourtli  in  valuation  of  buildings  and  equipment  ($1,854,852), 
and  fifth  in  total  investment  in  chemic-al  education  ($2,404,- 
521).  A  considerable  part  of  these  totals,  of  course,  repre- 
sents institutions  in  the  eastern  part  of  the  state,  but  there  is 
a  large  number  of  colleges  in  western  Pennsylvania,  outside 
of  Pittsburgh  luit  within  what  is  generally  recognized  as  the 
'■l'itt.8burgh  DLstrict,"  and  in  Pittsburgh  alone  the  total 
college  enrollment  is  approximately  14,000. 

Academic  Education 

Univeiwity  of  Pittsburoh — The  Univer.=ity  of  Pitts- 
burgh, formerly  the  Western  University  of  Pennsylvania, 
first  organized  classes  in  engineering  80  years  ago,  and  was  the 
first  institution  west  of  the  Allegheny  mountains  to  grant 
engineering  degrees.  Of  the  older  graduates,  half  of  those 
now  livinc  are  in  executive  positions,  and  approximately 
onc-thiKl  ::"•  engaged  in  the  steel  industry.' 

The  teacliing  of  chemistry  was  inaugurated  at  an  early 
dote,  but  the  n-cords  are  very  scanty.    A  catalog  of  1822 

'  This  Joirmai..  14  (IdOTi.  2.')7. 

•  "Piirt*  from  the  Knuincer^  of  To-dny  to  the  EnKtneen  of  To-morrow." 
A  pamphlet  published  b^  the  Unirenity  of  Pittsburgh.  June  1022. 


W.  O.  Brcckon  Sludi 
H.  McCl.aLl,ANO 


lists  Rev.  Robert  Bruce  as  "Professor  of  Natural  Philosophy, 
Chemistrj',  Mathematics,  etc."'  The  first  laboratory  courses 
were  introduced  by  John  W.  Langley  (a  brother  of  Samuel 
Pierpont  Langley),  professor  of  chemistry,  mineralogy,  and 
geologj',  in  1872-1873.  Francis  C.  Pliillips  took  charge  of 
the  work  in  chemistry  in  1875.    He  says: 

In  my  early  teaching  the  complete  lack  of 
equipment  proved  a  serious  obstacle.  In 
answer  to  my  earnest  appeal  for  apparatus 
and  chemicals  the  Chancellor  was  able  to 
quote  Sir  Humphry  Dav>',  who  had  publicly 
declared  that  a  chemist  needed  only  a  few 
tobacco  pipes  and  teacups  in  order  to  per- 
form the  most  varied  experiments.  Assuredly 
this  wicked  and  thoughtless  remark  of  Davy's 
has  done  more  to  obstruct  the  progress  of 
academic  chemistry  than  did  all  his  discov- 
eries to  advance  it:  because  University  pres- 
idents have  made  it  a  practice  to  know 
Davy's  words  by  heart  and  have  used  them 
with  appalling  effect  when  the  estimates  for 
supplies  were  being  pared  down  for  next 
year's  budget — a  plain  warning  to  us  that 
we  should  in  a  spirit  of  kindness  guard  and 
jjrotect  our  college  presidents  from  reading 
the  harmful  literature  of  such  undesirable 
citizens  as  Sir  Humphry  Davy.* 

Dr.  PliilliiJS  taught  chemistry  here  for 
forty  years.  He  won  high  renown  as  a 
teacher,  wliile  his  research  work  brought 
liim  an  international  reputation,  particu- 
larly in  the  field  of  gas  chemistry.  His 
work  was  so  thorough  that  to-day  gas  chemists  admit  the 
accuracy  of  his  results,  and  feel  that  they  can  with  assurance 
begin  investigation  at  the  point  where  Dr.  Phillips  left  off. 
The  University  of  Pittsburgh  offers  courses  in  chemistry 
and  chemical  engineering,  and  also  trains  men  for  M.S.  and 
Ph.D.  degrees.  Dr.  Alexander  Silverman  is  head  of  the 
Department  of  Chemistry,  and  the  faculty  includes  5  pro- 
fessors, 6  instructors,  and  14  assistants.  Members  of  the 
professorial  group  hold  the  Ph.D.  degree  or  have  its  equiv- 
alent in  experience,  while  most  of  the  remaining  members  of 
the  faculty  have  the  master's  degree. 

The  Department  of  Chemistry  offers  14  undergraduate 
and  22  graduate  courses  and  certain  special  courses  are  offered 
by  senior  fellows  in  the  Mellon  Institute  of  Industrial  Re- 
search. The  courses  for  chemists  and  chemical  engineers 
devote  two  years  to  each  of  the  fundamental  subjects — inor- 
ganic, organic,  analytical,  and  physical  chemistry — and  in- 
clude courses  in  sanitary  chemistry,  fuels,  and  industrial 
chemistry.  One  requirement  of  these  courses  is  tliree  years' 
work  in  modern  languages.  About  120  students  were  enrolled 
in  chemistrj'  and  chemical  engineering  during  the  college 
year  just  ended. 

In  the  work  for  advanced  degrees,  two-thirds  of  the  work 
must  be  done  in  courses  and  one-third  in  research.  The 
research  may  be  conducted  either  at  the  University  or  in 
certain  approved  industrial  laboratories  in  the  vicinity. 
Forty-five  graduate  students  were  enrolled  in  these  courses 
last  year. 

•  "The   Western    University  in    1922,"   by   Francis   C.   Phillips,   1919. 
'  "The  Old  Western  University  at  the  Corner  of  Diamond  and  Ross 
Streets,  Pittsburgh."  1914. 
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The  Department  of  t'hemistry  also  provides  training  for 
undergraduates  planning  to  enter  engineering,  medicine,' 
and  other  fields,  and  the  enrollment  from  these  sources  is 
950.  Some  of  the  si)ecial  engineering  courses  require  con- 
siderable chemistry;  for  example,  the  course  in  oil  and  gas 
engineering — the  pioneer  course  of  its  kind— goes  pretty 
fully  into  organic  chemistry  and  certain  branches  of  chemical 
technology. 

Caunegie  Institute  of  Technology — Here  courses  in 
chemistrj'  were  taken  by  some  1800  students  during  the  past 
college  year.-  Sixty  were  registered  in  chemical  engineering, 
in  which  an  excellent  course  is  offered  under  Dr.  J.  H.  James, 
and  a  smaller  number  majoring  in  chemistry  in  the  four-year 
course  in  science.  (These  figures  do  not  include  freshmen,  as 
selection  of  courses  is  not  made  until  the  end  of  the  first 
year.)  Considerable  attention  is  given  to  judicious  guidance 
in  the  choice  of  these  courses.  In  the  former,  encouragement 
is  given  to  those  whose  qualifications  are  such  that  they  are 
likely  to  be  successful  in  the  operating  field,  while  the  latter 
course  is  recommended  to  the  more  scholarly  type  of  student 
who  gives  promise  of  developing  into  a  research  worker. 
The  latter  course  naturally  offers  less  of  mechanics  and  engi- 
neering, and  more  of  chemistry  and  physics,  and  in  the 
senior  year  prescribes  a  brief  research.  Both  courses  include 
technical  French  and  German. 

The  course  on  chemistry  offered  in  the  College  of  Indus- 
tries is  interesting  and  .somewhat  unusual.  Instruction 
deals  chiefly  with  the  chemical  properties  of  the  materials 
employed  in  the  three  major  departments  of  the  College, 
namely,  machinery  production,  building  construction,  and 
printing.  The  work  of  these  departments  stresses  methods 
of  economic  production  rather  than  creative  design,  the  in- 
tent being  to  give  such  training  as  will  enable  the  student  to 
work  into  an  executive  position  after  a  suitable  period  of 
employment  in  the  industry.  The  chemistry  taught  is,  in 
brief,  the  chemistry  of  materials  in  service.  Prof.  R.  B. 
licighou  is  in  charge  of  this  work,  and  liis  book,  referred  to 
elsewhere  in  this  paper,  is  to  some  extent  based  on  the  course 
of  instruction. 

Following  a  foundation  in  general  chemistry,  organic, 
inorganic,  and  electrochemistry  are  introduced  as  the  subject 
discussed  may  demand.  ^Manufacturing  processes  are  not 
emphasized;  only  such  phases  as  have  a  notable  effect  on 
the  properties  of  the  products  are  studied  in  detail.  For 
example,  in  discussing  steels,  attention  is  called  to  the  fact 
that  of  two  steels,  one  acid  and  the  other  basic  open-hearth,  the' 
latter  would  be  less  suitable  for  castings,  since  it  would  proba- 
bly be  more  oxidized  because  of  the  longer  period  in  the  furnace 
and  the  fact  that  it  could  not  be  deoxidized  in  the  furnace  on 
account  of  the  phosphorus-bearing  slag.  In  the  accompany- 
ing laboratory  work,  for  example,  the  permeability  of  paint 
films  is  determined;  iron  castings  are  examined  for  segrega- 
tion of  sulfides  by  making  sulfur  prints;  and  polished  samples 
of  steel  are  sealed  up  in  air-free  water  to  show  that  the 
steel  will  not  corrode  in  the  absence  of  free  oxygen,  thus  in- 
dicating the  effect  on  the  metal  in  closed  heating  systems  as 
compared  with  those  in  which  the  water  is  frequently  changed. 

In  the  Margaret  Morrison  Carnegie  School  for  Women, 
chemistry  is  in  charge  of  Prof.  Charles  Watkins.  In  ad- 
dition to  chemistry  the  young  woman  who  is  graduated  from 
the  Department  of  General  Science  has  also  had  three  years 
of  training  in  biology,  including  bacteriology.  Her  training 
admits  her  to  the  best  medical  colleges  and  to  the  graduate 
schools  of  universities,  and  fits  her  for  commercial  work  or 
for  teaching.  Many  graduates  now  hold  positions  in  hos- 
pital, industrial,  and  research  laboratories. 

The  Carnegie  Institute  of  Technology  has  just  announced 
two  fellowships  in  mining  research,  and  two  in  teaching  and 


research  in  cooperation  with  the  Pittsburgh  Experiment 
Station  of  the  United  States  Bureau  of  Mines.  The  fel- 
lowsliips  are  open  to  graduates,  and  it  is  evident  that  chem- 
istry will  play  an  important  part  in  the  work,  since  the 
list  of  investigations  announced  includes  such  subjects  as 
by-product  coking  and  acid  mine  waters.' 

Other  Institutions— Pittsburgh  has  two  other  institu- 
tions of  collegiate  rank,  Duquesne  University  and  the  Penn- 
sylvania College  for  Women,  and  the  curricula  of  both  in- 
stitutions include  courses  in  chemistry. 

The  teaching  of  chemistry  in  Pittsburgh's  secondary 
schools  must  not  be  overlooked.  One  of  the  recent  high- 
school  buildings,  "Schenley  High,"  cost  the  city  nearly 
$1,500,000.  It  ranks  among  the  first  ten  high  schools  in  the 
United  States,  and  its  equipment  for  science  teaching  is 
vastly  superior  to  that  of  many  colleges  and  universities. 
Evidence  of  the  thorough  instruction  in  chemistry  may  be 
found  in  the  character  of  the  material  in  Pugh  and  Miller's 
"Problem  Course  in  Chemistry" — a  text  which  two  of  the 
instructors  have  prepared  for  their  courses  there. 

Corporation  Training 

Concise  but  definite  and  systematic  instruction  in  chem- 
istry and  metallurgy  now  forms  a  part  of  the  required  train- 
ing of  many  sale.smen  and  other  nontechnical  employees  of 
the  large  steel  companies.  The  pioneer  development  of 
these  courses  was  the  work  of  a  Pittsburgh  chemist,  and 
the  instruction  now  given  here  goes  far  to  increase  the  com- 
petency of  many  employees  who  will  never  engage  directly 
in  chemistry  or  metallurgy. 

Practical  Training 

Pittsburgh's  contribution  to  chemical  education  is  by  no 
means  confined  to  academic  education.  The  industries  of 
the  Pittsburgh  region  maintain  a  very  large  number  of  chem- 
ical laboratories  and  each  of  these  is  a  center  of  chemical 
training.  The  chief  chenust  of  every  industrial  laboratory 
is  a  graduate  teacher  of  the  young  coUege-trained  chemist 
and,  to  an  even  greater  extent,  the  instructor  of  the  un- 
trained practical  chemist. 

The  staff  of  a  large  steel  works  laboratory  may  number 
50  employees,  many  of  whom  enter  with  no  training  but  with 
the  well-defined  purpose  of  becoming  chemists.  The  train- 
ing is  intensive  and  the  textbooks  in  many  cases  are  the 
"Standard  Methods"  of  the  United  States  Steel  Corporation. 
The  number  of  entrants  is  very  large  and  many  of  the  ablest 
survive  and  pass  on  to  positions  of  considerable  responsi- 
bility. One  who  has  been  long  acquainted  with  the  steel 
laboratories  can  point  to  many  men  who,  beginning  as 
"carbon  boys,"  are  now  assistant  chemists,  assistants  pre- 
paring special  solutions,  etc.;  and  to  a  lesser  number  who  have 
become  able  chief  chemists  or  successful  furnace  superin- 
tendents. Though  this  practical  work  cannot  be  recom- 
mended as  a  substitute  for  theoretical  training,  it  remains 
a  highly  important  element  in  the  education  of  chemists  in 
industrial  regions  such  as  Pittsburgh. 

Writing  of  Books 

The  creation  of  authoritative  textbooks  and  reference 
books  is  an  important  factor  in  chemical  education,  and  the 
service  of  good  textbooks  is  by  no  means  limited  to  theii- 
use  in  schools  and  colleges.  Probably  few  Pittsburghers  real- 
ize the  extent  to  which  the  literature  of  science  and  tech- 
nology has  been  enriched  by  the  contributions  of  local  au- 
thors. Several  hundred  such  books  and  monographs  are 
catalogued  in  the  Carnegie  Library  of  Pittsburgh  and  many  of 
these  are  concerned  wth  chemistry  and  allied  subjects. 
A  mere  Ust  of  these  would  in  itself  afford  worthy  e\'idence  of 
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PitUburgh's  influenci^  on  chemical  education.'  Ob\-iously 
complete  enumeration  cannot  be  undertaken  here,  but  a  few 
works  may  be  nientionp<l  as  illustrative. 

The  »-idely  read  book*  of  the  late  Robert  Kennedy  Duncan 
have  be«>n  a  source  of  instruction  and  inspiration  to  chem- 
ists and  laymen,  and  by  reason  of  their  popular  appeal  have 
doubtless  been  instrumental  in  bringing  many  new  disciples 
to  the  shrine  of  chemistry.  "Chemical  German,'"  by  the 
late  Franci.^  C'.  Phillips,  has  been  adopted  as  a  textbook  in 
28  educational  institutions,  and  thousands  of  copies  have  been 
sold.  "Techi\ical  Examination  of  Crude  Petroleum,"  by 
W.  A.  Ilamor  and  F.  W.  Padgett,  has  been  adopted  in  seven 
in-stitutions  and  has  a  large  .sale  abroad.  II.  B.  Leighou's 
"Chemistiy  of  Materials  of  the  Machine  and  Building 
Industries"  is  a  valuable  book,  which  in  scope  and  treatment 
is  not  paralloiwl  by  any  other  American  work.  C.  M.  .lohn- 
son's  "Rapid  Methtxls  for  the  Chemical  Analysis  of  Special 
Steels"  is  the  standard  work  in  its  field.  H.  P.  Tiemann's 
"Iron  and  Steel"  is  without  a  rival  as  a  concise  encyclopedic 
dictionarj'  of  temiinology  and  processes  in  ferrous  metal- 
lurgy. S.  L.  Goodale's  "Chronologj'  of  Iron  and  Steel"  is 
unique  in  its  field  and  constitutes  a  valual)le  reference  work. 
"The  Making,  Shaping  and  Treating  of  Iron  and  Steel," 
by  J.  M.  Camp  and  C.  M.  Francis,  is  the  best  existing  work 
on  American  steel-mill  practice.  Privately  published,  and 
with  no  attempt  at  direct  publicity,  some  12,000  copies  have 
been  sold  since  the  appearance  of  the  first  edition  in  1919. 
Its  high  value  in  educational  work  is  evinced  by  the  fact 
that  it  has  been  adopted  in  more  than  20  colleges,  some  of 
which  have  ordered  well  above  300  copies.  The  senior 
author,  formerly  chief  chemist  of  one  of  the  largest  steel 
works  in  the  Pittsburgh  district,  is  also  chairman  of  the 
Chemists'  Committee  of  the  United  States  Steel  Corpora- 
tion, and  is  thus  in  charge  of  editing  the  standard  methods  of 
analysis  issuerl  by  the  Corporation.  These  "Methods"  have 
apjjeared  in  8  pamphlets,  some  of  which  have  reached  a  cir- 
culation of  nearly  3000  copies. 

Able  specialists  at  the  Pittsburgh  Experiment  Station  of 
the  Unitinl  States  Bureau  of  Mines  are  continually  adding  to 
their  already  valual)le  contribution  to  chemical  literature, 
and  among  the  forthcoming  books  by  other  Pittsburgh  au- 
thors are  important  works  on  fuels,  glue,  glass,  and  metal- 
lurgical heating  furnaces,  ou  most  of  which  subjects  there  are 
now  few  satisfactory  books  in  the  English  language. 

Lectures  and  Society  Meetings 

Public  lectures  con.'titute  an  important,  if  unsystematic, 
means  of  education.  When  delivered  by  men  of  culture  and 
experience,  they  have  a  broadening  influence,  very  efficacious 
in  retleeming  the  prosaic  life  of  the  individual  overburdened 
by  routine.  Pittsburgh  is  fortunate  in  ha\ing  a  wealth  of 
thU  serN'ice  concerned  more  or  less  directly  with  chemistry. 

Most  of  the  imiKirtant  national  societies  have  regular 
section  meetings  in  the  city,  and  in  addition  there  are  sev- 
eral locjj  f)rganizafions.  The  Engineers'  Society  of  Western 
Pennsylvania,  one  of  the  strongest  local  engineering  societies 
in  the  country',  has  many  addres-ses  on  metallurgy  and  other 
subjects  of  interest  to  the  industrial  chemist.  Fifty  Pitts- 
burgh women  chemists,  the  largest  group  in  any  city  of  the 
United  States  who  have  completed  regular  courses  in  chem- 
istry- and  are  making  it  their  life  profession,  have  applied  for 
an  Iota  Sigma  Pi  charter  and  expect  as  a  feature  of  the 
ooming  S4i>iiiuV><'r  convention  of  the  /VMEiac.\N  Chemical 
Society  I  "    '  i^  a  n-gulnr  chemical -society  of  women, 

of  which  •  ily  f,.\v  in  the  Unit<Kl  States. 

The  Unit.      -  .  .uroau  of  Mines  contributeji  generously 
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to  education  by  means  of  its  motion-picture  films  (concerned 
largely  with  chemical  technology)  and  its  mine-safety  lec- 
tures and  demonstrations  (based  in  part  on  chemistrj'). 
These  acti\'ities  are  nation-wide  in  service  but  both  are  en- 
tirely in  charge  of  the  Pittsburgh  Experiment  Station  of  the 
Bureau.  The  station  is  also  responsible  for  numerous  pub- 
lic lectures  wliich  in  many  cases  are  on  chemical  subjects. 
The  Mellon  Institute  of  Industrial  Research  is  a  prominent 
feature  in  any  survey  of  Pittsburgh's  resources  in  the  field  of 
chemical  education.  The  acti^ties  of  the  Institute  will  not 
be  elaborated  here,  since  elsewhere  in  this  issue  of  the  Journal 
this  subject  will  be  ably  presented.  Aside  from  the  systematic 
research  work  of  the  Institute,  however,  during  the  past 
season  the  public  were  admitted  to  some  30  technical  lec- 
tures by  sta.fi  specialists,  and  to  a  series  of  12  lectures  on 
"Scientific  Method"  by  Dr.  Walter  Libby,  one  of  the  high- 
est authorities  on  the  liistory  of  science. 

LiBR.\RT  Resources 

Chemical  education,  in  the  fullest  .sense,  is  broader  than 
instruction  in  colleges  and  training  in  laboratories.  In  a  very 
recent  paper  on  "Aims  and  Means  in  College  Education," 
Dr.  Madimir  Karapctoff'  saj's,  "Every  item  of  our  knowledge 
is,  or  will  be,  contained  in  books  and  magazines,"  and  indi- 
cates that  the  student's  future  success  will  depend  very  largely 
on  his  having  learned  how  to  use  the  resources  available  in 
literature. 

Mr.  Charles  L.  Reese,  in  discussing  the  work  of  the  Re- 
search Information  Service,  in  Washington,  says:' 

If  the  scientific  and  technological  literature  of  the  world  were 
regularly  and  systematically  abstracted  and  listed,  and  if  all  this 
condensed  information  were  available  ***  it  is  reasonable  to  an- 
ticipate that  from  70  to  90  per  cent  of  all  requests  could  be  an- 
swered directly  and  with  reasonable  satisfactoriness  from  this 
single  master-key. 

Any  city,  therefore,  which  is  to  acquire  and  retain  high 
prestige  as  a  center  of  chemical  education  and  scholarly  chem- 
ical work,  must  have  adequate  library  facilities  to  enable  its 
workers  to  get  effectively  in  touch  with  the  rich  resources 
in  the  literature. 

Pittsburgh  is  fortunate  in  having  exceptional  library  ad- 
vantages in  the  field  of  chemistry.  The  various  research 
activities  of  the  region  (discussed  elsewhere  in  this  issue) 
in  many  cases  include  libraries.  The  Mellon  Institute  of 
Industrial  Research,  the  Aluminum  Company  of  America, 
the  United  States  Bureau  of  Mines,  the  Pittsburgh  Testing 
Laboratory,  and  other  laboratories  have  well  equipped 
library  collections  in  their  special  fields. 

The  most  important  reference  collection,  however,  is 
that  of  the  Technology  Department  of  the  Carnegie  Library 
of  Pittsburgh,  wliich  was  the  first  public  library  to  establish 
a  department  devoted  solely  to  scientific  and  technical  lit- 
erature. Something  of  what  this  library  offers  the  chemist 
is  set  forth  in  an  earlier  paper'  and  only  a  brief  review  can  be 
attempted  here.  Though  this  department  is  concerned  with 
."ill  branches  of  pure  and  applied  science,  it  is  especially  strong 
in  chemistry  and  metallurgy.  Evidence  of  its  strength  in 
current  chemical  periodicals  is  shown  by  the  fact  that  it 
contains  ajjproximately  80  per  cent  of  the  material  abstracted 
in  Chemical  Ahslracls.  The  greatest  weakness  is  probably 
in  medical  and  biological  chemistry,  but  this  gap  is  to  some 
extent  filled  by  the  two  local  medical  libraries  (in  the  Pitts- 
burgh Academy  of  Medicine  and  the  Medical  School  of  the 
University  of  Pittsburgh),  and  as  the  Technology  Depart- 
ment of  the  Carnegie  Library  maintains  a  "union"  card  cat- 
alog of  current  scientific  and  technical  periodicals  in  other 

'  Eitgintering  Education,  IS  (1922),  398. 
'  This  Journal,  14  (1922).  368. 
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local  libraries,  it  is  enabled  to  put  patrons  proniptlj'  in  toucli 
with  this  supplementary  material. 

In  the  selection  of  books  the  Carnegie  Library  of  Pitts- 
burgh probably  makes  more  use  of  book  reviews  than  does 
any  other  library,  and  in  connection  witii  this  work  the  Tech- 
nology Department  publishes  a  quarterly  "Technical  Book 
Review  Index,"  wliich  is  the  only  pubhcation  in  the  world 
devoti.'d  to  recording  reviews  of  new  scientific  and  teclinieal 
books. 

The  Carnegie  Library  of  Pittsburgh  is  the  only  large  li- 
brary that  regularly  publishes  a  classified  catalog  in  book 
form.  The  sections  of  this  catalog  dealing  with  scientific 
and  technical  l)i)oks  may  be  purchased  separately,  the  latest 
series  including  books  added  to  the  collection  during  the  years 
1912-1916,  inclusive.  Tliis  catalog  is  brought  up  to  date  by 
a  "Monthly  Bulletin,"  which  is  annually  provided  with  a  sub- 
ject index.  These  publications  enable  patrons  at  some  dis- 
tance from  this  library  to  keep  much  more  closely  in  touch 
with  the  resources  and  growth  of  the  book  collection  than  is 
possible  with  most  libraries. 

The  Technology  Department  has  compiled  and  pubhshed 
many  bibUographies  on  special  technical  topics.  Among 
the  subjects  included  are  Lampblack;  Bj'-product  Coking; 
Sewage  Disposal;  Mica;  Sand;  and  Refuse  and  Garbage  Dis- 
posal. A  list  of  nearly  600  references  on  water-glass  is  now 
in  press.  The  Technologj^  Librarian  compiles  annual  lists 
of  new  books  on  iron  and  steel  and  on  the  coal  industry. 
The.se  lists  are  published  in  local  trade  journals,  and,  through 
the  courtesy  of  the  editors,  reprinted  and  distributed  by  the 
library.  This  department  makes  use  of  a  "classified"  card 
catalog — a  type  found  in  only  two  other  large  technical  li- 
braries, but  which  affords  better  service  than  the  card  cata- 
logs generally  found  in  libraries. 

That  the  Teclmology  Department  is  of  some  definite  value 
to  the  chemists  in  the  community  is  evidenced  by  the  atti- 
tude of  the  local  membersliip  of  the  American*  Chemical  . 
Society.  In  1921,  a  general  reduction  of  municipal  ap- 
propriations affected  the  library  to  some  extent.  Realiz- 
ing that  the  funds  available  for  technical  literature  were 
insufficient  to  maintain  the  service  which  this  community 
deserves  and  rightfully  expects,  the  Pittsburgh  Section  or- 
ganized a  Library  Committee  which,  under  the  able  leader- 
ship of  Mr.  J.  0.  Handy,  raised  among  the  local  industries 
a  fund  of  $2500  for  supplementing  the  resources  of  the 
technology  department,  thus  making  possible  the  purchase 
of  some  important  reference  material.  This  fund  was  drawn 
upon  also  to  finance  an  undertaking  w-hich  enables  this 
lilorary  to  offer  a  special  service  not  available  elsewhere. 
A  list  has  been  made  of  the  actual  numb.ers  identifying  all 
patents  in  48  complete  classes  of  the  U.  S.  Patent  Office 
classification.  These  classes  comprise  approximately  200,000 
patents,  covering,  in  general,  the  entire  field  of  chemistry 
and  metallurgy.  This  is  a  field  of  great  local  importance  and 
within  its  limits  users  of  the  library  are  now  enabled  to  make 
a  complete  patent  search  by  subjects — a  ser\ace  not  possible 
with  the  printed  indexes  issued  by  the  Patent  ( )ffice. 

So  far  as  is  kno-rni  to  the  writer  of  this  article,  this  work  of 
the  Pittsburgh  Section  is  unprecedented  in  the  history  of 
any  public  librai-y  in  America.  Such  action  is  a  source  of 
great  gratification  and  encouragement  to  the  library  staff, 
and  such  constructive  cooperation  will  go  far  to  improve  the 
library  service  in  the  community. 

Conclusion 
The  character  of  the  instruction  in  Pittsburgh's  educa- 
tional institutions,  the  close  contact  with  her  basic  indus- 
tries, and  the  superiority  of  her  resources  in  chemical  lit- 
erature combine  to  make  Pittsburgh  an  exception."dly  fav- 
orable field  for  chemical  education,  while  the  nature  and 


extent  of  her  industries  afford  an  important  outhit  for  the 
product  of  this  education.  In  confirmation  of  this  state- 
ment, one  interesting  bit  of  evidence  is  found  in  the  fact  that 
many  thouglilful  technical  students,  after  a  year  in  contact 
witli  Pitt-^burgh  conditions,  eliange  to  courses  in  chemistry. 
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IN  191S,  in  the  midst  of  the  Great  Warj  a  society  for 
chemical  industry  was  organized  in  France.  In  one 
of  the  early  numbers  of  the  journal  published  by  the 
society  an  estimate  was  given  of  the  number  of  chemists  in 
the  leading  countries  before  the  war.  According  to  this  es- 
timate there  were  30,- 
000  chemists  in  Ger- 
many, 5000  in  Eng- 
land, 2500  in  France, 
and  about  16,000  in 
America.  The.se  num- 
bers indicate  very 
clearly  that  if  America 
will  use  her  oppor- 
tunity she  may  soon 
hold  the  position  of 
preeminent  importance 
in  chemistry  held  by 
Germany  before  the 
war.  At  such  a  time 
we  should  inquire  on 
what  foundation  we 
must  build  if  we  are 
to  seize  the  chance 
which  surely  lies  with- 
in our  grasp. 
Almost  exactly  one  hundred  years  ago  a  young  German  of 
nineteen  took  his  doctor's  degree  at  Erlangen  in  Germany. 
After  that  he  went  to  Paris  to  study  with  Gay-Lussac,  for 
chemistry  was  at  a  very  low  ebb  in  Gennany  in  those  days 
and  he  chose  to  work  with  one  of  the  greatest  chemists  of 
his  time.  There  is  such  a  thing  as  scientific  heredity.  It 
differs  from  physical  heredity  in  that  a  man  may  choose  his 
own  father.  And  so  Liebig  chose  Gay-Lussac,  just  as  Wohler, 
his  intimate  friend  of  Later  years,  chose  Berzehus,  the  Swed- 
ish chemist — the  greatest  chemist  of  that  time.  It  is  worth  ou  r 
while  to  remember,  too,  that  it  was  only  six  years  after  the 
close  of  the  Napoleonic  wars,  when  France  and  Germany 
had  been  bitter  enemies — but  Liebig  went  to  Paris  to  study 
chemistry.  Two  years  later  he  returned  home  and  at  the  age 
of  twenty-one  he  was  made  assistant  professor  in  Giessen, 
and  in  another  year  he  was  appointed  full  professor. 

There  in  Giessen  he  founded  a  new  school  of  chemistry. 
It  was  not  so  much  a  place  where  students  were  taught  what 
was  known  of  their  science,  as  a  workshop  where  students 
and  teacher  worked  side  by  side  in  the  endeavor  to  add 
something  to  the  world's  knowledge.  To  that  laboratorj' 
men  came  from  all  over  the  world  and  from  that  laboratory 
went  out  influences  that  touch  every  chemist  and,  it  might 
almost  be  said,  every  individual  in  the  world  to-day. 

One  of  the  students  in  Liebig's  laboratory,  A.  W.  Hoffman, 
was  called  to  London  in  1845  by  Prince  Albert,  to  fill  a  chair 
in  the  newly  founded  College  of  Chemistrj'.  Ten  years  later 
he  had  an  assistant  bv  the  name  of  William  H.  Peikin,  only 
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nineteen  years  of  age.  Young  Perkin  fitted  up  a  small  lab- 
oratory at  home,  and  there  he  tried  some  experiments  to 
convert  aniline  into  quinine.  We  know  now  that  there  w^as 
not  the  slightest  pa^wibility  of  doing  what  he  attempted. 
Instead  he  obtained  a  beautifully  colored  compound,  the  sub- 
stance we  call  mauve.  He  tells  us  that  at  that  time  when 
chemists  got  a  colored  compound  in  their  operations  they 
were  accustomed  to  throw  it  in  the  slop  jar  or  remove  it  with 
bonebtack.  Perkin  was  struck  with  the  beauty  of  the  sub- 
stance and  he  conceived  the  notion  that  it  might  be  profitable 
to  manufacture  it  for  a  dye. 

The  storj'  of  Perkin's  difficulties  and  success  is  one  of  the 
romances  of  science  and  of  industry.  Benzene  was  not  made 
by  the  ton  then,  as  it  is  to-day.  It  was  necessarj'  to  trans- 
form laboratory  test-tube  reactions  into  factory  operations. 
Even  when  all  these  troubles  were  over  and  the  mauve  had 
been  produced  in  quantity,  the  dyers  who  had  been  accus- 
tomed to  Turkey  red  and  fustic  and  indigo  and  other  dyes  of 
natural  origin  did  not  know  how  to  use  it,  and  Perkin  had  to 
go  into  their  dyehouses  and  teach  them. 

Soon  afterwards  two  German  chemists,  Graebe  and  lieb- 
ermann,  demonstrated  that  anthracene  is  the  mother  sub- 
stance of  alizarin,  the  Turkey  red  ol)tained  from  madder  root. 
They  also  succeeded  in  making  alizarin  from  anthracene, 
but  they  did  not  succeed  in  establishing  commercial  pro- 
duction on  the  basis  of  their  scientific  discovery.  Once 
more  it  was  Perkin  who  did  this  in  his  factory,  and  within 
a  few  years  the  manufacture  of  alizarin  from  coal  tar  was 
so  successful  that  the  Dutch  farmers  had  to  give  up  raising 
madder  root.  Even  as  early  as  1880  it  was  estimated  that 
the  alizarin  which  was  manufactured  from  anthracene  at  a 
cost  of  $8,000,000  a  year  would  have  cost  S28,000,000  if  it 
had  been  prepared  from  madder  root.  It  is  scarcely  an  ex- 
aggeration to  say  that  enough  has  been  saved  from  this  to 
pay  for  all  the  university  laboratories  in  the  world. 

With  such  a  beginning  one  would  think  that  the  coal-tar 
dye  industry  belonged  to  England.  The  initial  great 
success  was  achieved  there,  and  the  coal  tar  from  which 
the  dyes  were  made  was  produced  in  much  larger  quan- 
tities in  England  than  on  the  continent.  But  within  a  few 
years  the  new  industry  was  almost  completely  transferred  to 
Germany.  At  the  beginning  of  the  Great  War  the  value  of  the 
product  of  this  manufacture  was  estimated  at  about  $100,- 
000,000  annuidly,  from  two-thirds  to  three-fourths  of  the  whole 
amount  being  made  in  Germany.  We  used  in  America  dyes 
to  the  value  of  about  S17,(XX),000,  but  manufactured  only 
about  $;j,000,000  worth  ourselves.  Why  should  Germany 
so  far  surpass  all  other  countries  in  this  industry?  The 
chief  reason  undcjubtedly  was  that  Germany  had  a  larger 
number  of  chf-mists  trained  in  methods  of  research  in  the 
spirit  of  Liebig's  laboratory.  There  were  other  reasons  that 
wc  do  not  like  so  well.  Over  and  again  American  manufac- 
turers tried  to  make  aniUne  and  other  substances  called  "in- 
termediates" which  are  used  for  the  preparation  of  various 
dyes.  In  every  case  German  manufacturers  took  care  that 
the  price  of  tlie  article  made  was  put  so  low  that  the  Ameri- 
can manufacturer  was  forcetl  out  of  the  business. 

A  few  years  ago  our  sailors  were  in  danger  of  going  to  meet 
the  submarines,  bhnd,  because  we  could  not  manufacture 
the  optical  gla.ss  nee<led  to  make  the  necessary  instruments. 
In  such  an  emergency  to  whom  did  we  turn  for  help?  To  the 
manufacturers  of  glass?  No,  we  appealed  instead  to  men 
trained  ly  msiMV  yc.'irs  of  research  at  the  Bureau  of  Standards 
and  at  the  CiMpliysiial  Laboratory  in  Wasliington,  where 
they  had  \m-i\  studying  silicates,  not  for  the  purpose  of  mak- 
ing glass,  but  in  order  to  discover  how  the  rocks  have  been 
fonned.  These  men  were  able  to  attack  the  problem,  and 
with  the  aid  of  a  manufacturer  they  were  readv  to  furnish  six 


different  kinds  of  glass  witliin  a  few  months.  Then  a  seventh 
different  glass  was  called  for.  Meanwhile,  they  had  worked 
out  the  so-called  triaxial  diagram  for  silica,  potash,  and 
litharge,  by  means  of  which  thej'  could  predict  the  relation 
between  the  composition  of  a  glass  made  from  these  ingre- 
dients and  its  index  of  refraction  and  dispersion.  They 
located  on  this  diagram  the  composition  of  the  glass  having 
the  desired  properties,  put  the  materials  together,  and  it 
came  out  right  the  first  lime.  Such  is  the  difference  between 
the  old  cut  and  dry  methods  of  so-called  practical  men  and  a 
genuine  scientific  method. 

Universities  are  not  the  only  institutions  where  researches 
are  prosecuted.  It  was  at  the  Royal  Institution  of  London 
that  Sir  Humphry  Davy  made  those  brilliant  discoveries  in 
electrochemistry  which  he  at  the  foundation  of  the  great 
electrochemical  industries  of  our  time.  There  Faraday 
discovered  the  laws  of  electrical  induction,  that  an  elec- 
trical current  could  produce  mechanical  motion,  and  that  me- 
chanical motion  could  produce  an  electrical  current.  Those 
were  principles  which  carried  the  germ  of  every  machine 
used  to  generate  electricity  and  of  every  electrical  motor  in 
use  to-day. 

Not  long  ago  the  Dean  of  a  College  of  Commerce  in  one 
of  our  state  universities  made  the  statement  that  there  are  two 
ideals  in  vogue  in  these  schools.  One  is  that  the  students  shall 
be  trained  primarily  to  do  some  specific  tiling — to  be  a 
stenographer,  a  bookkeeper,  an  accountant  or  something  of 
that  sort — in  short,  that  the  training  shall  be  vocational. 
The  other  idea  is  educational,  the  laying  of  a  broad,  thorough 
foundation  for  future  work.  He  spoke  emphatically  in 
favor  of  the  second  ideal.  Tliirty  years  ago  many  of  us  got 
the  impression  that  the  steel  industry  was  calling  for  chemists 
who  could  make  steel  analyses  just  as  those  analyses  were 
made  in  a  works  laboratory.  That  was  training  for  a  trade, 
not  for  a  profession,  and  many  young  men  trained  in  that  way 
found  that  they  were  soon  displaced  by  high  school  lads  or  boys 
of  even  less  training,  who  could  carry  out  the  mechanical 
manipulations  required  as  well  as  they.  It  was  only  those 
with  a  broader,  professional  training  who  continued  suc- 
cessfully in  work  as  chemists.  We  often  tell  our  students 
that  it  is  fully  as  important  to  secure  good  training  in  math- 
ematics, physics,  German,  and  French  as  it  is  to  study  chem- 
istry while  in  college.  If  they  are  successful  as  chemists  they 
will  continue  to  study  chemistry  all  their  lives  but  they  will 
probatjly  never  again  find  such  a  good  opportunity  to  study 
the  other  things  essential  as  a  foundation  for  their  work. 

A  thorough  knowledge  of  chemistry  and  of  related  sciences 
is  not  enough.  It  was  not  knowledge  of  chemistry,  merely, 
nor,  indeed,  chiefly,  which  made  the  men  trained  in  Liebig's 
laboratory  so  efficient.  It  was  not  knowledge  alone  which 
made  many  of  our  chemists  and  physicists  so  efficient  in  the 
emergencies  of  war.  The  factor  of  far  greater  importance  was 
the  habit  of  research,  the  ability  to  attack  new  and  strange 
problems  and  solve  them  quickly.  Chemical  knowledge  was 
much  more  limited  one  hundred  years  ago  than  it  is  to-day 
and  the  young  men  in  Liebig's  laboratory  were  given  the 
joy  of  research  work  after  comparatively  brief  preliminary 
training.  It  now  takes  several  years  to  gain  that  elementary 
knowledge  of  inorganic,  analytical,  organic,  and  physical 
chemistry  which  we  think  essential.  Our  students  cer- 
tainly do  not  get  a  too  comprehensive  knowledge  of  these 
subjects  but  it  is  a  question  whether  we  do  not  cany  the 
process  of  cramming  too  far  before  we  give  them  an  oppor- 
tunity to  begin  constructive  work.  As  teachers,  too,  there 
may  be  a  question  whether  we  are  not  sometimes  more  anx- 
ious that  they  should  get  results  of  interest  to  us  rather  than 
that  they  should  acquire  the  habit  of  solving  difficulties  for 
themselves  with  a  miniminn  of  guidance  from  others. 
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Progress  in  the  Chemistry  of  Naval  Stores,  1920-1921' 

By  F.  P.  Veitch  and  V.  E.  Grotlisch 
Chsuist  in  Charob  and  Assistant  Chbmist,  Lbatiisr  and  Paper  Laboratory.  Burbau  o»  CusuisTRy,  Wasuihoton,  D.  C. 


F.  P.  Veitch 


DURING  the  past  two  years  there  have  been  numerous 
contributions  to  our  knowledge  of  the  chemistry  of 
naval  stores,  of  which  oil  or  spirits  of  turpentine  and 
rosin  are  the  most  important.  Probably  because  of  its  more 
widespread  and  divers  uses,  and  also  liccausc  of  the  fact  that 
its  composition  and 
constitution  are  less 
well  understood  than 
is  the  case  with  turpen- 
tine, more  work  has 
been  done  on  rosin 
than  on  turpentine. 
Even  now  the  consti- 
tution and  exact  com- 
position of  rosin  are 
not  definitely  settled. 
We  shall  consider  the 
subject  at  hand  under 
three  major  headings: 
first,  the  crude  resin  or 
gum;  second,  turpen- 
tine oil  or  its  constit- 
uents and  closely  re- 
lated compounds;  and 
third,  rosin  and  its 
products. 

Resin  and  Gum 
Among  the  less  well-known  sources  of  turpentine  and 
rosin  are  the  pine  forests  of  China.  There  is  quite  an  ap- 
preciable quantity  of  rosin  exported  from  China,  principally 
to  Japan  and  Australia.  Shinosaki  and  Ono'-*  obtained  the 
following  results  from  a  sample  of  crude  Chinese  resin:  es- 
sential oil,  8.5  per  cent;  rosin,  84.35  per  cent;  loss,  impurity, 
and  water,  7.5  per  cent.  The  essential  oil  consisted  largely 
of  I-a-pinene,  with  a  trace  of  dipentene  and  about  11  per 
cent  of  a  new  tricyclic  sesquiterpene.  Heurich^  has  examined 
the  oleoresin  from  the  Norway  phie,  P.  sylvestris,  the  source 
of  turpentine  in  Germany,  Poland,  and  Russia.  The  yield 
of  essential  oil  and  rosin,  as  well  as  their  composition  and 
properties,  is  stated  to  correspond  to  those  of  American 
turpentine  and  rosin,  except  that  the  oil  is  levorotatory,  in 
this  respect  simulating  French  turpentine.  A  possible  new 
source  of  naval  stores  in  India  is  the  tree  known  as  Boswellia 
serrata,  or  Salai  tree.  The  resinous  exudation,  known  locally 
as  salaigugul,  is  a  gum-resin  containing,  beside  essential  oil 
and  rosin,  about  20  per  cent  of  soluble  gum.  Fowler  and 
Malandkar^  have  worked  out  a  method  of  separating  the 
rosin  and  the  gum,  after  removal  of  the  oil  by  steam  distilla- 
tion, in  which  the  resin  is  hydrated  by  heating  with  water 
under  pressure.  The  hydrated  resin  floats  on  the  surface 
and  can  be  removed  as  a  solid  on  cooling.  The  gum  forms 
a  flocculent  precipitate  on  the  bottom  of  the  vessel.  It  has 
weak  adhesive  power.  The  hydrated  resin  is  subsequently 
dehydrated  by  heating.  It  differs  from  ordinary  pine  rosin 
principally  in  acid  and  saponification  numbers,  which  are, 
respectively,  51.6  and  61.3.  These  low  values  make  the  rosin 
useless  for  soap  making,  but  it  may  be  useful  for  varnish 
making. 

»  Published  by  permission  of  the  Department  of  Agriculture. 
*  Numbers  in  the  text  refer  to  Bibliography  at  end  of  paper. 


In  a  series  of  articles,  G.  Dupont^-M  describes  the 
results  of  his  investigations  on  the  resin  of  the  French 
maritime  pine.  The  two  isomeric  acid  constituents,  d-  and 
Z-pimaric  acids,  sliow  marked  difference  in  the  stability  of  their 
rotatory  power.      The  rotation  of  rf-piraaric  acid   was   not 

changed  by  the  action 
of  very  dilute  HCl,  but 
Z-pimaric  acid  showed 
decreasing  rotatory 
power  according  to 
the  length  of  time  in 
contact  with  the  hydro- 
chloric acid,  up  to  24 
hrs.,  after  which  the 
rotation  increased 
again  slightly.  He 
considers  the  abietic 
acid  in  rosin  as  a  mix- 
ture of  isomorphous 
acids  which  he  desig- 
nates as  pimarabietic 
acid,  produced  by  the 
action  of  heat  on  the 
pimaric  acids  of  the 
crude  resin. 

V.  E.  GROT1.ISCH 

Turpentine 

The  terpenes,  of  which  pinene,  the  principal  constituent  of 
turpentine,  is  probably  the  best  known,  constitute  a  large 
and  complex  class  of  compounds.  Only  those  bearing  a 
direct  relation  to  turpentine  and  its  constituents  are  consid- 
ered in  tliis  review.  Simonsen'  has  found  a  new  bicycUc 
terpene,  d-carene,  and  a  new  tricyclic  sesquiterpene,  which  he 
calls  longifolene,  in  the  Indian  turpentine  oU  obtained  from  the 
Chir  pine,  P.  longifolia.  The  author  ascribes  to  these  two 
new  compounds  the  two  properties  of  Indian  turpentine  which 
make  it  inferior  to  the  American  or  French  product,  namely, 
ease  of  oxidation  and  high  per  cent  of  residue  on  evaporation. 
Although  not  oxidized  by  a  mixture  of  dichromate  and  sul- 
furic acid,  d-carene  readily  absorbs  oxygen  from  the  air,  as 
shown  by  the  fact  that  one  cc.  of  this  compound,  when  placed 
in  a  closed  vessel  (dimension  not  stated),  absorbed  all  the 
oxygen  from  the  air  in  three  days.  Analytical  constants  for 
the  new  compounds  are  given. 

The  preparation  of  synthetic  rubber  and  synthetic  camphor 
has  occupied  the  attention  of  chemists,  more  particularly 
in  Europe,  for  many  years.  If  economically  successful,  it 
would  open  up  a  wide  field  for  the  use  of  turpentine.  In 
order  to  throw  some  light  on  the  conditions  governing  the 
formation  of  isoprene,  as  well  as  to  check  up  a  theory  ad- 
vanced some  years  ago  that  limonene  or  dipentene  gives  better 
yields  of  isoprene  than  pinene,  Mahood'  passed  the  vapors  of 
turpentine,  both  from  gum  spirits  and  steam-distiUed  wood 
turpentine,  through  heated  tubes,  with  and  without  catalysts, 
under  carefully  regulated  thermal  conditions.  His  results 
indicated  that  limonene,  or  rather  the  turpentine  fractions 
consisting  largely  of  limonene,  did  not  give  any  marked 
increase  in  the  yield  of  isoprene,  and  that  gum  turpentine 
was  just  as  good  as  wood  turpentine.  The  small  yields  of 
both  isoprene  and  toluene  preclude  any  economic  disposal 
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of  turpriitinc-  in  this  way.  The  production  of  sjiithetic 
camphor,  however,  ha.«  shown  con.-;ideral)ly  more  promise, 
from  an  economic  point  of  view,  than  tlie  manufacture  of 
synthetic  nil)t>er  from  isoprene.  Luttringer  and  Dubosc,'"'"' 
in  a  series  of  articles,  have  described  a  number  of  methods 
of  treating  turpentine  or  derivatives  thereof,  principally 
pinene  hydrochloride,  to  obtain  esters  which  can  be  e.isily 
converted  into  camphor.  Along  this  same  line,  Wesson"  has 
patented  a  process  of  converting  pinene  hydrochloride  into 
isobomyl  esters,  based  on  the  action  of  certain  organic  acids 
in  the  presence  of  zinc  as  a  catalyst.  An  interesting  re\'iew 
of  the  patent  literature  on  the  manufacture  of  sjTithetic 
camphor  has  been  published  by  Witte,"  the  author  going 
back  to  some  of  tiie  earliest  patents  taken  out  in  Germany. 
The  practicability  of  .some  of  the  patents,  in  the  light  of  our 
present  knowledge  on  the  subject,  is  also  discussed.  The 
Fabrique  de  Pro<l.  Chim.  de  Thann  et  Mulhouse"  has  pat^ 
entcfl  in  I'.ngland  a  prr)ccss  for  obtaining  optically  active 
Ixjnieol,  free  from  isoborneol,  based  on  the  reaction  of  pinene 
and  tetrachlorophthalic  acid. 

Pariselle"  has  separated  a-  and  /3-pinene  from  a  large 
volume  of  French  turpentine  by  verj'  careful  fractionation 
in  vanio,  and  checked  up  their  physical  constants.  By  the 
ui'tion  of  hydrogen  bromide  both  compounds  gave  the  same 
two  hydrobromide.s,  one  solid  and  the  other  liquid.  Bromine 
in  carbon  tetrachloride  solution,  at  low  temperature,  gave 
a  complex  mi.vture  of  addition  and  substitution  products, 
containing  both  bromides  and  hydrobromides.  A  mono- 
brotnide  and  two  diljromides  were  isolated. 

Henderson  and  Marsh"  obtained  three  pinene  dichlorohy- 
drins,  soluble  in  water,  by  the  action  of  a  dilute  aqueous 
solution  of  hypochlorous  acid  on  pinene.  In  one  of  the 
papers  of  their  extended  .series  on  the  chemistry  of  jjinene, 
Ruzicka  and  Trebler"  dispute  the  constitutional  formula 
for  nitrosopinene  advanced  by  Wallach,  and  advance  one 
ba.scd  on  their  own  observations. 

Analysis 

The  analysis  of  turpentine  is  largely  confined  to  detection 
and  estimation  of  adulterants  and  for  compliance  with 
specifications.  Hofman"  has  described  a  simple  method 
of  detecting  adulteration  of  certain  essential  oils,  among 
them  being  turpentine.  These  oils  are  relatively  insoluble  in 
alcohol  at  ordinary  temperatures.  The  oil  is  dissolved  in 
four  vohuncs  of  alcohol  l>y  warming,  the  concentration  of 
the  alcohol  depending  upon  the  oil  under  observation. 
Ninety  per  cent  alcohol  is  used  for  turpentine.  If  the  tur- 
pentine is  pure,  the  solution  should  start  to  become  turbid, 
indicating  .separation,  at  about  00°  C.  .Vllina  and  Sal- 
vjiterru"  and  Salvaterra"  have  described  methods  of  deter- 
niitiing  mineral  oil  in  turpentine,  for  which  they  claim  greater 
accuracy  tlian  is  shown  by  most  of  the  practical  methods 
now  in  u.se.  Their  meth(Kls  are  based  on  the  formation  of 
nonvolatile  compounds  by  the  absorption  of  bromine  or 
iinline  by  the  terpenes  to  the  point  of  complete  saturation. 
The  volatile  unchanged  mineral  oil  is  then  removed  by 
steam  distillation.  The  application  of  the  methods  (es- 
pecially Salvaterra's  ifxline  method)  is  rather  expensive, 
however,  on  account  of  the  high  cost  of  the  reagents  used, 
since  turpentine  absorbs  over  three  times  its  weight  of  iodine, 
and  considerable  excess  must  be  used  to  insure  complete 
reaction. 

Very  few  methods  have  been  published  on  the  determi- 
nation of  ro.'il-iar  oils,  such  as  toluene,  xylene,  and  .solvent 
naphthas,  in  tur|>entiiR',  probably  on  account  of  the  relative 
infrequency  of  such  adulteration.  Grotlisch  and  Smith=* 
have  worke<l  out  a  im!',  :  ,>';,■  h  is  not  only  applicable  to 
adulteration  with  small  p-m  iit;it:r>  ,>{  coal-tar  oil,  but  also 


detects  the  presence  of  mineral  oil.  Some  of  the  pinene 
of  the  turpentine  is  removed  by  conversion  into  the  solid 
pinene  hydrochloride,  and  the  adulterant  concentrated  by 
fractional  distillation  of  the  filtrate  at  reduced  pressure. 
The  distillate  containing  the  adulterant  is  then  sulfonated 
to  destroy  the  remaining  terpenes  and  to  form  .sulfonic  acids  of 
the  coal-tar  hydrocarbons.  Steam  distillation  of  the  sulfona- 
tion  mixture  separates  any  unchanged  mineral  oil  that 
might  be  present.  Finally,  the  sulfonic  acids  of  the  coal-tar 
hydrocarbons  are  broken  up  with  recovcrj'  of  the  oils  them- 
selves, by  direct  heat  distillation. 

Specifications  for  turpentine  have  heretofore  been  far 
from  uniform.  Based  on  the  results  of  examining  a  con- 
siderable number  of  commercial  pure  turpentines,  the  U.  S. 
Interdepartmental  Committee  on  Paint  Specification  Stand- 
ardization" has  adopted  and  pubUshed  a  set  of  "Recom- 
mended Specifications  for  Turpentine,"  wliich  have  been 
adopted  by  various  bureaus  of  the  Government  and  other 
agencies  as  standard  specifications  for  turpentine.  In- 
structions for  sampling,  analysis,  preparation  of  reagents, 
and  a  basis  of  purchase,  which  take  account  of  the  expansion 
and  contraction  of  turpentine  •mth  changes  in  temperature, 
are  given.  A  handbook  on  turpentine  has  been  pubhshed 
by  Veitch  and  Grotlisch^*  containing,  besides  the  above 
sjjecifications,  a  review  of  the  principal  sources  of  tur- 
pentine throughout  the  world,  the  principal  uses,  process 
of  manufacture,  methods  of  transportation,  expansion  tables, 
simple  methods  of  detecting  adulteration,  re\'iew  of  state 
laws  covering  the  sale  of  turpentine,  statistics  on  production 
and  exports,  and  a  method  of  calculating  capacity  and  outage 
of  tanks. 

Uses  of  Turpentine 

By  far  the  largest  proportion  of  turpentine  is  used  as  a 
tliiimer  in  paint  and  varnish.  Several  interesting  new  uses 
have  recently  been  described.  An  anonymous  article^ 
describes  the  use  of  turpentine  in  a  bleaching  liquor  said  not 
to  affect  the  strength  of  the  fiber  of  the  cloth,  as  chlorine 
often  does.  Several  formulas  for  preiiaring  the  "ozonized" 
turpentine  are  given.  Another  interesting  new  use  is  de- 
scribed in  a  patent  by  Pratt.*"  A  sulfur-terpenc  compound 
known  as  "toron,"  in  the  form  of  a  black  viscous  liquid  or  semi- 
solid, is  prepared  by  heating  turpentine  vnth  sulfur.  It  is 
used  for  waterproofing  canvas,  i)rei)aring  rubberized  cloth, 
and  as  a  bond  for  attaching  or  coating  metal  surfaces  with 
genuine  rubber.  The  physiological  effects  of  turpentine 
vapors  when  turpentine  is  used  in  quantity  as  an  extraction 
medium  for  fats,  waxes,  etc.,  are  discussed  by  Lewin." 
Turpentine  is  classed  as  a  narcotic  type,  producing 
depression  of  the  nervous  system,  and  may  cause  eruption 
of  the  skin  and  mucous  membrane. 

Rosin 

One  of  the  less  well-known  constituents  of  rosin  is  a  body 
called  retene.  Virtanen'^  has  attempted  to  throw  some  light 
on  the  relationship  between  retene  and  the  resin  acids  by 
Iireparing  hydrogenated  retenes  and  studying  their  chemical 
l)roperties.  One  peculiarity  brought  out  is  the  stability  of 
the  hydrogenated  retenes  toward  permanganate,  although 
they  are  unsaturated  bodies.  Asclian  and  his  co-workers'^''*'" 
have  described  and  investigated  a  new  resin  acid,  called 
pinabietic  acid,  which  they  obtained  from  a  Swedish  pine  oil. 
Its  molecular  weight  indicates  the  formula  C20H30O2,  thus 
being  isomeric  with  abietic  acid.  It  does  not,  however, 
show  tlie  same  color  reaction  by  the  Macht  test  as  abietic 
acid.  A  striking  peculiarity  is  the  difference  in  rotation  in 
various   solvents.     It   is   dextrorotatory   in    the    aromatic 
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hydrocarbons,  and  levorotatory  in  alcohols,  ether,  and  chloro- 
form. By  adding  absolute  alcohol  to  the  .solution  in  ben- 
zene, the  rotation  can  be  chanRed  from  positive  to  negative, 
with  a  zero  reading  in  a  mixture  of  92  per  cent  of  benzene 
and  8  per  cent  of  alcohol.  It  is  nearly  insoluble  in  petroleum 
ether  and  ligroin.     A  constitutional  fornuila  is  given. 

Aschan"*  claims  to  have  discovered  and  describes  a  new 
series  of  acid  Ixidies  in  rosin  which  he  calls  colophcnic  acids, 
with  a  general  formula  C„Il2„_io04.  Several  methods  of 
separating  them  from  rosin  are  described.  The  author  be- 
lieves that  it  is  owing  to  the  presence  or  formation  of  these 
acids  that  the  dark  color  of  low-grade  rosins,  as  well  as  the 
bitter  taste,  is  due.  The  dark  color  of  the  "leim-galle,"  the 
precipitate  which  forms  on  boiling  a  solution  of  rosin  size,  is 
also  supposed  to  be  duo  to  these  bodies.  They  are  amor- 
phous, highly  unsaturated,  and  instantly  decolorize  per- 
manganate. Fahrion^  has  taken  issue  with  Aschan  as  to  the 
originality  of  the  discovery  of  these  bodies  in  rosin.  He 
claims  that  they  are  identical  with  the  so-called  oxyabietic 
acids  described  l)y  him  in  a  llrc^^ous  worktt  on  the  atmos- 
pheric autoxidation  of  powdered  rosin.  In  a  later  article 
Aschan'*  refutes  Fahrion's  claim  to  priority,  and  shows  that 
there  is  no  relation  between  Fahrion's  oxyabietic  acid  and 
the  colophenic  acids. 

Griin,''  on  the  basis  of  his  observations,  has  attempted  to 
formulate  a  structural  formula  for  abietic  acid  to  show  its 
relation  to  a-  and  /3-pinene.  He  discusses  the  possibility 
of  the  formation  of  abietic  acid  by  the  union  of  one  molecule 
each  of  a-  and  j3-pinene.  Stock*"  has  distilled  rosin  under 
the  high  vacuum  of  the  green  cathode  ray,  i.  e.,  practically 
a  complete  vacuum.  It  was  possible  to  distil  it  almost 
completely  without  appreciable  decomposition.  The  rela- 
tively small  difference  in  temperature  between  the  boiling 
hquid  rosin  and  the  vapors  proves  that  rosin  does  not  contain 
polymerized  bodies  of  abnormally  high  molecular  weight. 
He  obtained  crystaUine  acids  from  amorphous  rosin  by 
heating  in  vacuo,  the  time  required  to  effect  complete  change 
depending  on  the  temperature  used.  Among  his  conclusions 
is  the  following  on  the  composition  of  rosin:  a-abietic  acid, 
31  per  cent;  ^-abietic  acid,  31  per  cent;  7-abietic  acid, 
19  per  cent;  rescues  (or  retenes)  10  per  cent;  essential  oil 
and  bitter  principles,  0.5  per  cent;  impurities,  0.5  per  cent. 

Analysis 

The  detection  and  determination  of  rosin  in  mixtures  and 
preparations  is  probably  the  most  important  phase  of  rosin 
analysis,  since  it  is  seldom  bought  on  specification  and  not 
much  subject  to  adulteration.  Wolff*'  has  described  a 
method  of  detecting  and  approximately  estimating  the  rosin 
in  oil  varnishes.  He  finds  it  necessary  to  isolate  the  resin 
acids,  since  boiled  linseed  oil,  especially  in  the  presence  of 
manganese  driers,  sometimes  gives  a  reaction  with  the 
Storch-Morawski  test  which  closely  approaches  that  of 
rosin.  Neither  rosin  which  has  been  heated  to  high 
temperature  for  some  time  nor  rosin  esters  give  a  charac- 
teristic color  test.  McNieoU"  has  published  a  method  for 
determining  resin  acids  in  fatty  mixtures,  depending  on 
the  esterification  of  the  fatty  acids  by  naphthalene-j3-sul- 
fonic  acid,  lea\'ing  the  resin  acids  unchanged.  These  are 
titrated  or  separated  and  determined  gra^•imetrically. 
More  reliable  results  are  claimed  than  by  former  methods, 
such  as  TwitcheU's. 

Use  of  Rosin 

The  three  principal  uses  of  rosin  in  order  of  their  impor- 
tance in  the  United  States  are  the  manufacture  of  soap,  paper 
size,  and  varnish,  soap  makers  using  about  as  much  as  the 
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other  two  industries  together.  A  bibliography  on  the  use  of 
rosin  in  soap-making  ha.s  been  published  by  .lungkunz,*' 
which  also  includes  a  discussion  of  the  methods  of  determin- 
ing rosin  in  soap.  German  rosins,  prepared  in  Germany 
from  the  resin  of  P.  sylvestris,  seem  not  to  have  measur(!d 
up  to  the  imported  American  and  French  i)ioducts, especially 
from  the  soap-makers'  standpoint.  Goldschmidt  and  Weiss" 
have  examined  several  samples  of  German  pine  resin,  from 
which  they  prepared  the  rosin  by  the  use  of  solvents.  Their 
analysis  of  these  lirings  them  to  the  conclusion  that  German 
rosin  is  not  greatly  inferior  to  American  or  French  rosin, 
so  far  as  acid  and  saponification  values  and  per  cent  of  un- 
saponifiable  are  concerned.  Goldschmidt"  found  that 
rosin,  when  left  in  lump  form,  showed  up  better  on  the 
"stearin"  method*  for  available  rosin  substance,  i.  e.,  the 
soap-making  power  or  value  of  the  rosin,  than  powdered  rosin. 
They  conclude,  from  the  results  obtained  on  powdered  rosin 
which  was  exposed  to  moist  air  for  some  time,  that  a  water- 
soluble  oxidation  product  is  obtained,  which  is  lost  during 
the  analysis  by  escaping  solution  with  other  resin  acids  in  the 
ether. 

The  application  of  rosin  to  the  sizing  of  paper  has  brought 
out  a  number  of  new  ideas.  Thindon"  concludes  from 
recently  published  data  that  the  sizing  property  of  rosin  is 
due  to  free  rosin  which  in  turn  is  protected  by  a  film  of 
aluminium  hydroxide  or  resinate.  Traquair*'  states  that  by 
dissolving  the  size  and  alum  in  a  suitable  starch  solution  the 
quantity  of  rosin  required  can  be  reduced  by  about  50  per 
cent.  Sutermeister*^  seems  to  think  that  high-grade  rosins 
gave  better  sizing  efficiency  than  low  grade,  but  the  difference 
between  them  hardly  warrants  the  payment  of  any  material 
difference  in  price. 

Sieber*'  has  investigated  the  beha\dor  of  a  suspension  of  free 
rosin  toward  various  electrolj-tes.  The  suspension  was  pre- 
cipitated by  Al2(S04)3  at  a  concentration  of  0.00261  mols.  per 
liter.  Calcium  and  magnesium  salts  required  0.025  and  0.015 
mols.  per  liter,  respectively,  to  precipitate  the  rosin.  From 
this  he  concludes  that  hard  water  does  not  materially  affect 
the  suspension  of  free  rosin.  Schneider**  also  discusses  the 
bad  effect  of  hard  water  on  size  emulsions  containing  a  high 
percentage  of  free  rosin,  and  further  points  out  that  a  size 
emulsion  should  not  get  above  100°  F.,  since  aluminium 
resinate  starts  to  solidify  or  coagulate  at  this  temperature, 
losing  its  finely  divided  form.  Miles*'  has  taken  out  a 
patent  for  oxidizing  rosin  by  agitation  with  H^Oe  until 
it  is  capable  of  forming  an  ammonium  compound  which 
may  be  diluted  indefinitely  with  water,  thus  being  adapted 
to  paper  sizing. 

Within  the  past  five  or  six  years  the  use  of  rosin  in  varnish- 
making  has  increased  markedly,  owing  to  the  discoverj-  that 
rosin  could;be  esterified,  reducing  its  acid  value  and  increas- 
ing its  hardness  and  weather  resistance.  Verj'  satisfactorj' 
varnishes  are  now  made  from  rosin  esters  and  tung  oil. 
Gardner  and  Coleman*^  have  described  a  process  for  the 
esterification  of  rosin  with  glycerol  and  tung  oil  in  the  open 
varnish  kettle,  using  hydrated  lime  or  calcium  soaps  as 
catalysts.  Formulas  for  several  different  classes  of  varnish 
are  given. 

Sterling,  GrotUsch,  and  Veitch"  have  patented  a  process  of 
esterif  jdng  rosin  with  glycerol  using  zinc  as  a  catalyst,  whereby 
very  low  acid  values  are  obtained.  Murray**  has  investi- 
gated the  various  conditions  governing  the  esterification  of 
rosin  with  glycerol.  A  very  satisfactory  product  is  obtained 
by  esterifying  with  somewhat  less  than  the  required  quantity 
of  glycerol  for  complete  neutrahzation,  and  completing  the 
latter  with  lime.  An  interesting  point  brought  out  is  the 
fact  that  a  good  rosin  ester  approaching  kauri  can  be  ob- 
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tained  by  esteri/jing  a  mixture  of  one  part  rosin  and  three 
parts  Congo  copal,  but  the  process  must  be  carried  out  in  an 
aluminium  vessel  instead  of  copper,  since  the  latter  acts  in  a 
catalytic  manner,  settmg  the  mixture  of  resins  before  esteri- 
fication  can  take  place. 

Jahn"  has  examined  the  properties  of  mixtures  of  rosin  and 
beeswax,  and  found  that  under  certain  conditions  soUd  solu- 
tions are  formed,  or  mixtures  in  which  the  soUd  solution  of 
roain  in  wax  is  in  equihbrium  with  pure  wax.  Changes 
taking  place  on  storage  of  such  mixtures  are  described. 
Gerstacker**  has  examined  what  he  terms  a  "distilled  rosin," 
the  residue  or  product  obtained  by  only  partially  breaking 
dowTi  rosin  and  volatihzing  the  oil  formed.  He  gives  the 
properties  of  the  bodies  obt.iined  by  heating  the  rosm  at  310°  to 
320°  C.  and  at  350°  to  370°  C.  Strange  to  say,  the  latter  prod- 
uct is  the  harder  of  the  two.  Neither  is  entirely  soluble  in 
a  mixture  of  alcohol  and  chloroform. 

Miscellaneous 

Hiibscher"  describes  a  product  obtained  in  Sweden  as  a 
by-product  in  the  manufacture  of  chemical  wood  pulp,  which 
is  known  as  "tall-ol,"  or  Swedish  rosin  oil  or  pine  oil.  The 
crude  product  is  refined  by  distillation  leaving  a  so-called 
"tall-6l  pitch."    Recipes  for  using  the  products  are  given. 

Shippen  and  Griffen**  have  investigated  the  properties  of 
emulsions  made  from  pine  oil  and  other  oils  obtained  by  the 
distillation  of  pine  wood,  \vith  reference  to  their  value  as 
antiseptics  and  bactericides,  along  the  line  first  pointed  out 
by  Stevenson.**  They  substantiate  some  of  the  earlier 
findings  of  Stevenson,  notably  that  steam-distilled  pine  oil 
gives  a  more  active  disinfectant  than  the  destructively  dis- 
tilled oils.  They  conclude,  however,  that  disinfectants  of 
this  type  have  only  a  Umited  value,  since  they  failed  to  kill 
Micrococcus  aureus  and  B.  anthracis  in  any  dilution  capable 
of  emulsification.  For  killing  B.  typfiosus  in  a  limited 
time,  a  dilution  of  Vioo,  or  1  per  cent,  is  recommended  even 
though  a  Vsoo  dilution  killed  when  in  contact  with  the  or- 
ganism for  a  longer  time. 
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A  Department  Store  Laboratory 

By  E.  B.  MUlard 

Consulting  Cbbmist,  Massachushtts  Institutr  op  TiccnNoi.ocv,  Camdridgb,  Mass, 


PERHAPS  it  is  because  the  clieinist  lias  been  sucli  a 
poor  salesman  of  his  services,  even  thougli  he  is  work- 
ing in  a  productive  field  where  he  should  be  of  great 
value  to  his  employer,  that  so  few  department  or  retail 
stores  have  chemical  laboratories  of  their  own,  or  regularly 
seek  the  advice  of  a  chemist  as  to  the 
quality  of  the  merchandise  they  buy. 
Nearly  all  such  stores  have  cf)llege-trained 
mechanical  or  architectural  engineers  in 
charge  of  their  engineering  problems;  ;ill 
of  them  have  specialized  advertising  men. 
Yet  neither  the  mechanical  features  and 
attractiveness  of  the  building  and  its  con- 
tents nor  the  selling  value  of  advertising 
is  nearly  so  important  as  a  reputation  for 
handling  all  tlie  time  a  dependable  line  of 
goods.  Such  a  reputation  depends  upon 
the  abUitj'  of  the  buying  staff  to  judge 
merchandise;  but  "judging"  as  applied  to 
materials  is  practically  a  matter  of  the 
"feel"  of  materials,  a  mixture  of  intuition 
and  pre^^ous  experience  with  other  simi- 
lar material  which  has  given  more  or  less 
satisfaction.  \\Tien  stocks  are  to  be  main- 
tained steadily  at  certain  standards,  es- 
pecially if  this  must  be  done  by  purchas- 
ing from  several  sources,  these  standards 
should  be  carefully  defined  in  terms  of 
measurable  quantities,  and  deliveries  of 
merchandise  checked  constantly  to  see 
that  they  meet  the  established  standards.  The  merchant  who 
really  knows  his  goods  are  all  wool,  or  all  silk,  fast  to  per- 
spiration, and  of  a  specified  weight  or  strength,  consults  a 
chemist  constantly.  Unless  facilities  for  testing  are  con- 
stantly and  quickly  available,  it  is  a  rare  merchant  who  will 
not  take  his  chances  or  accept  the  word  of  a  salesman  as 
to  what  he  buys  to  sell  to  his  customers.  Yet  his  reputa- 
tion as  a  dealer  in  reliable  merchandise,  the  good  will  of 
his  trade,  is  at  stake  on  every  sale  he  makes. 

The  writer  h.as  been  for  some  years  in  charge  of  a  chemical 
laboratory  maintained  in  a  department  store  as  an  aid  to 
its  buying  staff  in  the  selection  of  suppUeii  for  its  own  use 
and  for  sale  to  its  customers.  The  testing  facilities  of  the 
laboratory  are  available  without  charge  to  any  buyer  who 
wants  them;  the  laboratory  has  no  authority  over 'any 
purchases  on  which  it  passes.  It  gives  an  opinion  as  to  the 
percentage  of  wool  or  silk,  based  upon  an  analysis  of  a  sample, 
or  as  to  the  fastness  of  a  color,  or  the  probable  wear  to  be 
expected  of  a  material  of  a  given  mechanical  strength. 
The  buyer  may  or  may  not  be  guided  by  this  opinion.  TMien 
goods  of  any  kind  are  purchased  from  a  sample,  it  is  custom- 
ary for  the  buyer  to  send  a  specimen  of  the  material  deliv- 
ered to  the  laboratory,  where  comparative  tests  are  made 
for  him  to  see  if  the  delivery  is  of  the  same  grade  as 
the  sample.  Checking  of  this  kind  has  often  eliminated 
material  from  stock  which  would  not  have  given  the  service 
expected  of  it. 

It  should  be  understood  by  all  chemists,  as  it  is  not  now 
understood,  that  to  the  laj-man  there  is  no  such  thing  as  an 
organic  chemist,  a  phj'sical  chemist,  or  a  biological  chemist. 
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He  is  a  Chemist,  and  he  should  realize  the  compliment  im- 
plied by  the  capital  letter;  he  should  be  far  more  ready 
than  he  is  now  to  say,  "I  v\ill  find  out  for  you,"  and  less  ready 
to  say,  "That  isn't  in  my  line."  A  department  store  chemist 
must  be  in  addition  an  informal  microscopLst,  a  physicist 
of  a  kind,  something  of  a  skilled  ques- 
tioner, a  laundryman  when  need  presents 
itself,  and  an  ever-ready  consultant 
of  the  chemical  literature  to  find  out  what 
is  wanted.  More  often  than  not  the 
questions  presented  to  him  are  vague, 
poorly  put,  or  indefinite;  many  times 
they  do  not  concern  what  a  chemist 
would  call  chemistry  at  all.  But  the 
man  who  comes  to  a  chemist  with  these 
questions  has  faith  in  his  science  or  he 
wouldn't  come  with  the  question.  If  the 
chemist  can  answer  the  question,  or 
partly  answer  it,  or  even  appear  to  be 
answering  it  while  the  conversation  brings 
out  what  the  other  fellow  is  trying  to  ask 
in  the  first  place,  he  has  made  a  friend 
for  chemistrj'.  If  he  laughs  at  the  ques- 
tion, or  rules  it  out  of  the  field  of  chem- 
istry because  he  is  too  lazy  to  look 
it  up,  he  might  better  give  up  chemis- 
try and  turn  to  a  trade  which  is  con- 
tent to  limit  itself  to  that  which  is 
already  known. 
On  the  day  our  laboratory  was  in- 
stalled, a  boj'  came  up  from  the  wash  dresses  department  and 
asked  the  chemist,  "Can  you  analyze  this  dress  for  fading?" 
Ask  yourself  as  a  chemist,  what  you  would  have  told  him? 
Would  you  have  asked  him  to  leave  it  for  a  while  and  tried 
to  find  out  for  him,  or  would  j^ou  have  ruled  that  problem 
out  of  chemistry?  The  laboratory  had  a  wash  pan,  a  bar  of 
soap,  and  hot  water;  with  such  "apparatus"  the  chemist 
"analj'zed"  the  dress,  dried  it  on  a  piece  of  string,  took  it 
to  the  alteration  room  and  had  it  pressed.  The  color  was 
the  same  as  before  and  the  dress  showed  an  average  shrinkage 
of  2  or  3  per  cent  in  the  half  dozen  places  where  it  had  been 
measured  before  and  and  after.  To  the  man  who  sent  up 
the  dress  that  was  an  analysis,  but  "the  separation  of  a 
substance,  by  chemical  processes,  into  its  constituents" 
(Webster)  would  have  been  a  catastrophe.  A  chemist 
must  daily  choose  his  words  very  carefully,  on  account 
of  such  differences  as  between  chlorates,  chlorides,  chlorites, 
etc.,  but  he  should  remember  that  a  questioner  of  non- 
chemical  training  knows  hardly  more  than  that  a  chemist 
performs  in  his  laboratorj'  a  variety  of  mysterious  oper- 
ations which  the  outsider  doesn't  hope  to  understand,  but 
which  he  thinks  of  as  "analysis." 

The  ordinary  work  of  a  department  store  laboratory 
consists  largely  of  determinations  of  the  wool  or  silk  in  ma- 
terials, and  especially  the  detection  of  artificial  silks,  together 
with  tests  of  the  fastness  of  dyed  fabrics  to  perspiration, 
sunlight,  washing  or  water  spots.  For  such  service  it  is 
of  tremendous  advantage  to  have  the  laboratory  located 
within  the  store  building  and  immediately  accessible  to  all 
departments  by  telephone  or  messenger  boy  at  aU  times. 
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Most  of  the  tests  requested  of  such  a  laboratorj'  are  "rush" 
tests,  but  the  laboratorj-  also  controls  the  deliveries  of  sup- 
plies of  many  kinds.  A  daily  determination  of  ash  and  mois- 
ture in  the  coal  affords  a  valuable  check  upon  the  quality 
delivered;  determination  of  the  butter  fat  in  the  milk  and 
cream  is  also  effective  in  its  own  way.  There  is  a  certain 
pride  in  saying,  "Our  own  laboratory  reports  so  and  so." 

Wlirn  now  materials  appear  upon  the  market,  or  new  names 
arc  attachiil  to  modifications  of  old  materials,  the  store 
laboratory  is  available  at  once  to  determine  the  composition 
of  these  materials  and  their  suitability  for  the  purposes  to 
which  they  are  put.  Salespeople  are  pro^^ded  with  this 
information,  so  that  they  may  answer  promptly  the  inquiry 
of  a  prospective  purchaser  as  to  whether  an  article  is  of  one 
material  or  another.  Such  service  is  important  to  a  store, 
even  if  it  only  serves  to  keep  out  of  stock  articles  which  are 
of  attractive  appearance,  but  which  may  not  be  properly 
dyed  or  properly  finished  for  outdoor  wear,  or  which  are 
not  well  chosen  for  their  particular  class  of  service. 

One  of  the  most  important  acti\'ities  of  a  store  laboratory 
is  in  connection  ^\-ith  adjustments  of  claims  of  unsatisfactory 
materials.  These  claims  occasionally  arise  from  the  abuse 
of  materials,  often  innocently,  by  the  customer;  more 
often  they  are  to  be  traced  to  the  wrong  use  of  materials 
or  dyes  in  the  manufacture  of  the  goods,  or  to  the  defective 
material  being  made  into  a  garment  together  with  gf)od 
material.  In  service  the  faulty  fabric  .soon  fails  or  a  fugitive 
dye  spreads  or  comes  off  on  other  clothing.  It  is  the  aim 
of  the  laborator>'  to  trace  the  fault  to  its  proper  source, 
as  a  protection  for  the  good  name  of  the  house,  and  as  a 
service  to  the  customer.  If  the  customer  has  used  bleach 
in  the  colored  wash,  or  used  corrosive  toilet  preparations, 
or  u.scd  stockings  as  a  pen  wiper,  the  laboratory  saves  the 
store  an  expensive  adjustment  claim;  if  the  lining  of  a  suit 
or  coat  fades  or  crocks  off  on  white  clothing,  or  an  under- 
garment gives  way  on  its  first  wasliing  it  is  the  laboratory's 
place  to  report  the  probable  cause  to  the  proper  person  within 
the  store,  who  recommends  that  adjustment  be  arranged 
with  the  customer. 

In  common  with  almost  everj'  chemist  who  has  tried  his 
hand  at  t<;.\tile  matters  of  any  kintl,  our  laboratory  lias 
designed  a  wearing  machine.  Doui)tless  a  mechanical 
engineer  would  not  approve  of  the  details  of  the  design, 
but  it  has  been  our  experience  that  of  two  pieces  of  similar 
material,  the  one  which  uill  wear  longer  on  our  machine  will 
wear  longer  in  service.  The  plan  is  verj'  simple:  a  canvas 
lielt  is  driven  at  a  speed  of  about  six  feet  a  minute  from  a  wide 
faced  pulley  to  which  a  revolution  counter  is  attached,  and 
the  specimens  under  test  are  stretched  over  caiivjis-eovered 
Weights  placed  on  the  moving  canvas  belt.  After  many 
comparative  tests  we  have  foimd  that  a  gofxl  coat  lining  should 
not  wear  through  before  a  certain  number  of  revolutions  on 
the  driving  wheel;  one  which  wears  out  in  half  the  standard 
number  is  a  |x>or  lining.  Perhaps  this  is  not  chemistry, 
and  it  is  not  much  of  a  test  anyway.  The  liuyer  of  linings 
will,  however,  be  content  to  call  this  test  an  "analysis;" 
and  if  by  doing  this  for  him  we  can  pick  out  the  better  linings 
from  the  iHK)rer  ones  we  have  raised  the  general  standard  of 
linings  in  the  store.  It  will  lie  chemistry  to  him,  and  it  is 
through  his  opinions  and  similar  opinions  from  others  that 
the  laboratory  is  left  unmolestitl  on  the  roof  from  week  to 
week  while  it  does  hundreils  and  hundreds  of  tests  which 
anyone  would  call  chemical  work. 

At  the  tinw'  our  laUiratory  was  installed,  the  cliief  execu- 
tive of  the  .store  confided  in  the  writer  that  he  was  not  sure 
why  they  were  having  a  laboratorj-,  but  they  were  willing  to 
bear  the  e.xpcna*-  of  a  -'n  i!!  .!:(  for  a  ywir  or  two  as  an  ex- 
periment to  see  if  it  woulii  l,r  „i  any  benefit.     Two  or  three 


items  of  a  chemical  program  were  outlined,  but  the  main 
part  of  the  list  was  left  blank  and  for  the  future  to  develop. 
After  four  years  the  laboratorj'  is  handling  over  a  thousand 
inquiries  a  month  upon  almost  every  activity  of  the  store 
except  the  two  or  three  in  the  original  plan.  Many  of  these 
are  very  informal,  the  kind  of  test  one  might  make  Satur- 
day afternoon  on  a  tiny  piece  of  cloth  clipped  from  the 
inside  of  a  coat  where  it  wouldn't  show.  An  unspecified 
number  of  the  rush  tests  (together  with  some  of  the  more 
deliberate  ones  also,  no  doubt)  have  been  incorrect,  but  the 
large  majority  of  them  have  unquestionably  been  of  benefit 
in  the  selection  of  materials  about  to  be  purchased,  or  in  con- 
firmation of  the  stock  already  on  hand. 

It  seems  probable  to  the  writer  that  many  retail  stores  will 
sooner  or  later  find  it  to  their  advantage  to  maintain  their 
o-rni  small  laboratories,  with  simple  equipment  and  two 
or  three  men,  or  a  man  and  a  boy,  as  a  service  to  their  staff 
and  their  customers.  It  will  be  many  years  in  the  experience 
of  an  active  store  laboratory  before  surprises  are  not  of  almost 
daily  occurrence.  The  recent  splendid  improvements  in  the 
manufacture  of  artificial  silks  have  made  its  distinction  from 
real  silk  more  and  more  difficult;  the  dyes  used  in  most 
"novelty  goods"  will  probably  always  require  closer  inspection 
than  the  stable  colors  in  more  common  use;  and  the  ever-in- 
creasing variety  of  finishing  processes  vvill  unquestionably 
need  some  watching  through  chemical  eyes. 


A  Metric  Dozen 


It  has  been  observed  that  objection  is  being  offered  by  many 
retail  merchants  against  the  metric  system  of  packing.  Con- 
tention is  made  that  it  is  more  convenient  to  buy  "By  the  Dozen" 
than  "By  the  Box  of  Ten"  or  "By  the  Carton."  It  is  true  that 
the  carton  does  not  specify  any  certain  number,  and  equally 
true  that  long  usage  has  made  the  dozen  an  easy  term  to  think 
by,  hence  the  reluctance  to  adopt  any  system  that  does  away 
with  such  a  convenient  term.  Those  of  us  who  would  hasten 
the  universal  adoption  of  the  metric  system  would  undoubtedly 
further  the  cause  a  little  by  adopting  some  term  as  a  standard 
to  designate  "a  package  containing  ten  articles" — -a.  metric 
dozen. 

The  word  "Dekon"  is  suggested  as  such  a  term.  It  is  ex- 
pressive, easily  remembered,  easily  abbreviated  as  "Dk.,"  and 
if  adopted  and  used  by  manufacturers  now  using  the  metric 
system  of  packing,  and  given  notoriety  through  the  press,  would 
soon  displace  the  "dozen"  and  score  another  point  for  "Metric," 
and  others  would  no  doubt  soon  see  the  wisdom  of  falling  in  line. 
"Methanol"  was  adopted  almost  over  night,  even  by  the  laity. 
The  Dekon  could  be  made  the  standard  small  package,  and  ten 
Dekons,  or  a  multiple  thereof,  depending  upon  the  size  of  the 
article,  a  standard  "case."  The  druggist  could,  with  just  as  much 
ease,  say  "Send  me  down  three  dekons  of  helanthyol  at  once" 
as  "three  dozen"  of  the  same  article,  and  he  would  unconsciously 
be  using  the  metric  system.  [  W.  Carl  Matthews,  Jacksonville,  Fla  ] 


Commercial  Methods  of  Making  Carbon  Black 

In  commercial  practice  there  are  four  different  processes  of 
manufacturing  carbon  black  from  natural  gas,  states  the  Bureau 
of  Mines  in  a  recently  issued  bulletin.  Classified  according  to  the 
quantity  of  carbon  black  produced,  these  are:  (1)  Channel 
process;  (2)  small  rotating  disk  process;  (3)  large-plate  process, 
and  (A)  roller  process.  These  methods  differ  mainly  in  the  size 
and  shape  of  the  surface  upon  which  the  carbon  is  collected  and 
the  rate  of  travel  of  the  moving  devices.  The  chaimel  process 
is  probably  the  best  method  and  is  the  one  most  extensively  used. 
.At  present  the  production  of  carbon  black  by  cracking  or  thermal 
decomposition  methods  is  not  extensive. 


The  Trench  Senate  has  unanimously  voted  2,()()(),0()0  francs 
for  the  observance  of  the  hundredth  annivcrsar>'  of  the  birth  of 
Louis  Pasteur,  this  year.  In  voting  the  appropriation,  Pasteur 
was  described  as  the  "symbol  of  French  science." 
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Potash  in  America — Two  \'ears'  Progress 

By  John  E.  Teeple 
Consulting  Ciiumist.  50  East  41st  St..  New  York.  N.  Y. 


787 


Prodvctiox 

SUCH  PROGRESS  as  we  have  to  rocord  is  not  in  increased 
production.  In  1915  our  production  was  practically 
nothing;  in  191S  it  reached  a  maximum  of  54,000  tons 
of  KjO;  in  1919  it  was  32,000;  in  1920  it  was  48,000;  and  in 
1921  it  amounted  to  about  8000  tons  from  less  tlian  20  plants. 

To-day,  in  July  1922  as  I  \\Tite  this, 
only  one  commercial  plant  is  in  full  oiJcr- 
ation  making  potash  as  a  main  product. 
This  is  the  American  Trona  Corporation 
plant  on  Searles  Lake  in  California.  In- 
cidentally, this  company  has  probal^ly 
spent  more  time  and  money  on  systematic 
and  fundamental  research  and  develop- 
ment work  than  any  other,  which  may 
account  for  its  being  in  operation. 

The  by-product  plants  in  commercial 
operation  include  the  molasses  distilleries, 
of  which  the  U.  S.  Industrial  Chemical 
Company  is  probably  the  chief  producer, 
the  cement  plants  and  blast  furnaces,  the 
Santa  Cruz  Portland  Cement  Company  in 
the  lead,  and  the  sugar  companies  using 
the  Steffens  process.  That  is  about  the 
whole  story  of  production  in  America 
to-day.  Of  the  128  plants  reporting  pro- 
duction in  1918,  over  100  made  nothing 
in  1921.  Some  few  were  abandoned  as 
war  babies  that   could  not  live  in  peace  ^°'"'  ^' 

times,  but  many  are  simply  standing  by  continuing  the 
study  of  their  problems  and  hoping  for  Congress  to  give 
them  the  temporary  protection  that  will  carry  them  over 
this  distressing  period  and  enable  them  to  make  a  permanent 
potash  industry  here. 

The  year  1921  was  the  worst  we  expect  to  see  in  potash 
production.  The  outlook  for  1922  is  better.  The  American 
Trona  plant  alone,  although  it  only  recently  reopened, 
should  produce  more  in  1922  than  all  America  did  last  year. 
It  has  already  exceeded  50  tons  of  K2O  per  day  and  in  Sep- 
tember, after  some  minor  troubles  are  worked  out  and  a 
third  smaller  unit  is  in  operation,  it  should  be  going  at  a 
rate  of  22,500  tons  of  K2O  per  year,  or  over  60  tons  of  K20 
per  day.  This  is  equivalent  to  about  the  output  of  the  three 
largest  German  mines,  or  5  average-producing  mines,  or  15 
to  20  small  ones. 

Possibilities 

Mention  should  be  made  of  some  nonoperating  plants 
which  look  promising.  The  Eastern  potash  plant  to  operate 
on  New  Jersey  greensand  has  been  in  construction  several 
years,  represents  a  large  amount  of  money,  and  is  not  j'et 
finished.  Little  idea  can  be  formed  regarding  its  position  in 
a  permanent  industry  until  it  has  an  operating  historj^  back 
of  it.  The  plant  and  the  hopes  of  its  owners  have  been 
repeatedly  described.' 

None  of  the  plants  in  Nebraska  are  now  operating  com- 
mercially, but  some  of  the  companies  are  understood  to  have 
given  careful  thought  to  their  problems  in  recent  years. 

■  Sci.  American.  July  16.  1921;  This  Journai,,  13  (1921),  693;  Chem. 
Met.  Ene..  »6  (1921),  1036. 


Tlu'ir  particular  hope  of  success  lies  in  recovering  soda  ash  and 
other  by-products.  Cheap  fuel  i-;  also  a  necessity  here  and  an 
oil  well  is  now  being  put  dowTi  to  furnish  it.  The  Nebraska 
lakes  have  been  fully  described^  and  there  is  no  doubt  that 
they  will  play  an  imijortant  part  in  permanent  production. 
The  alunite  beds  of  Utah  have  been  receiving  a  good  deal 
of  attention  from  both  promoters  and 
technical  men.  The  manufacture  of  pot- 
ash and  alumina  or  aluminium  salts  from 
.'dunite  is  a  perfectly  feasible  operation. 
When  someone  is  willing  to  spend  the  time 
and  money  necessary  to  get  systematic 
information  and  work  out  manufacturing 
details  this  should  be  a  real  part  of  our 
industry.  If  anyone  has  done  this  up  to 
the  present  it  has  not  become  a  matter 
of  public  knowledge.  The  prospectuses 
that  happened  to  be  presented  to  me  so 
far  have  cf]nsisted  of  partial  information 
and  half-baked  details.  One  large  com- 
pany seems  to  be  making  real  progress. 

The  storj'  of  Wyoming  leucite  is  much 
the  same  as  that  of  alunite.  Leucite  is  a 
proper  source  of  potash,  and  one  company 
seems  to  be  making  real  headway  in  the 
solution  of  the  problem. 

The  Inyo  Chemical  Company  of  Deep 
Springs  Valley,  Calif.,  has  had  a  pilot 
plant  working  on  a  natural  potash  brine 
The  method  is  refrigeration  to  remove 
sulfate,  then  concentration  bj'  evaporation.  They  announce 
that  the  experiments  have  been  successful  and  that 
they  are  now  constructing  a  10-ton  per  day  plant.'  Other 
natural  brines  rich  in  potash  could  be  worked  if  people  would 
study  them. 

Texas  potash  deposits  have  received  as  much  newspaper 
pubhcity  as  a  prima  donna.  No  doubt  soluble  potash  is 
there  but  no  one  seems  to  know  whether  it  exists  in  com- 
mercially workable  quantities.  There  is  no  reason  why  it 
should  not  and  we  certainly  hope  it  does.  Under  the  method 
of  taking  samples  with  core  drills  outlined  by  the  Bureau 
of  Mines,  future  oil  wells  will  serve  as  prospect  holes  for  potash 
and  in  a  short  time  we  will  know  just  what  we  have  to  ex- 
pect from  Texas. 

De^t;lopment  Work 

Something  of  the  progress  made  by  nonoperating  com- 
panies has  been  previously  mentioned.  Of  more  interest, 
however,  is  the  development  of  the  ones  who  have  already 
succeeded,  who  are  now  working.  A  tj^iical  statement  of 
the  problems  encountered  in  a  by-product  potash  plant  and  a 
successful  solution  of  the  difficulties  is  found  in  the  description 
of  the  Santa  Cruz  Portland  Cement  Company's  methods.* 
Given  .35,000  cu.  ft.  of  gas  per  min.  at  750°  C.,  containing  five 
lbs.  of  K2O  and  a  lot  of  other  material  that  you  do  not  want, 

2  Am.  Fertilizer,  April  23,  1921. 

3  Chem.  Mel.  Eng.,  26  (1922).  1034. 
<  Ibid..  2S  (1921),  316. 
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how  would  you  recover  the  potash  at  a  profit?'  If  you  are 
interested,  read  the  solution  in  their  article. 

The  problems  of  a  brine  working  plant,  like  that  of  the 
American  Trona  Corporation,  were  described  last  year.' 
Progress  since  that  report  has  been  good.  Equilibrium 
study  of  the  system  sulfates,  chlorides,  and  carbonates  of 
sodium  and  potassium  between  20°  and  100°  has  been  com- 
pleted for  our  purpose.  Other  equilibrium  studies  have 
included  borax,  metaborate,  carbonate,  bicarbonate,  and  other 
combinations.  Of  some  scientific  interest  is  the  discovery 
by  Mr.  W.  E.  Burke  of  still  another  double  salt,  NaiBjO*.- 
2NaC1.4HiO,  to  which  he  has  temporarily  given  the  eupho- 
nious name  of  "tcepleite."  Some  practical  applications  of 
these  studies  have  been:  (1)  An  improvement  in  the  grade 
of  potash  produced  (for  the  last  two  months  the  product 
made  has  not  in  any  week  dropped  below  95  per  cent  of 
KCl  and  several  weeks  has  reached  98  per  cent) ;  (2)  increase 
in  the  percentage  of  potash  recovered;  (3)  simplified  method 
of  making  borax;  and  (4)  cheap  and  simple  method  of  making 
boric  acid. 

Work  on  the  other  difficulties  has  been  equally  successful. 
Foaming  in  the  evaporators  has  been  entirely  under  control 
for  a  long  time.  The  presence  of  borax  as  an  impurity  in 
pota.sh  has  not  been  a  problem  for  nearly  three  years,  in  spite 
of  the  fact  that  our  friends,  the  recent  enemy,  are  still  talking 
about  it.  Dr.  Whitney,  Chief  of  the  Bureau  of  Soils,  re- 
cently issued  another  official  statement  on  the  high  purity 
of  American  potash  to  counteract  their  propaganda,  and 
agricultural  experiment  stations  all  over  the  country  have 
been  doing  the  same  thing.  It  is  amazing  how  many  re- 
statements of  truth  it  takes  to  kill  one  lie. 

Other  improvements  in  evaporating,  cooling,  handling,  and 
control  have  all  reduced  production  costs.  Much  research 
work  is  under  way,  directed  toward  recovery  of  other  val- 
uable products  from  Scarles  Lake,  and  this  is  progressing 
favorably. 

Cost  and  Market 

Potash  is  one  of  the  very  few  materials  that  is  cheaper  now 
than  it  was  before  the  war — 64  cents  per  unit  to-day  com- 
pared with  an  average  of  about  80  cents  formerly.  Converted 
to  marks,  this  is  about  330  marks  to-day  compared  with  3.3 
marks  in  normal  times.  The  German  workman  used  to 
receive  3.50  to  5  marks  ($0.84  to  $1.20)  for  a  day's  work. 
Now  he  receives  150  to  300  marks,  say,  30  to  60  cents.  In 
marks  his  wages  have  been  multiplied  by  50,  while  the  price 
of  potash  has  been  multiplied  by  100.  In  dollars  he  receives 
less  than  half  what  he  did  before,  and  works  a  whole  day  for 
what  the  American  workman  receives  per  hour.  It  takes  on 
the  average  12  to  15  days'  work  in  Germany  to  produce  100 
units  or  one  ton  of  actual  KiO.  This  sells  here  at  364  and 
the  labor  cost  for  the  12  to  15  days'  work  is  about  $6  or  $7. 
In  .Vmerica  we  would  pay  for  that  same  amount  of  labor  about 
$40.  As  a  matter  of  fact,  tlie  labor  spent  to  produce  a  ton  of 
KiO  in  America  is  less  than  four  days  in  a  good  plant.  We  can 
turn  out  four  times  as  much  potash  per  man-day  as  they  do, 
but  we  pay  the  man  eight  times  the  price  the  German  re- 
ceives. This  is  bound  to  continue  so  long  as  the  value  of  the 
mark  is  falUng  faster  than  the  price  of  German  labor  in 
marks  i.s  rising.  There  will  always  be  a  discrepancy  because 
the  American  workman  demands  and  we  want  him  to  have 
a  higher  standard  of  living  than  any  other  workman.  This 
ia  why  the  industry  needs  temporary  protection  now.  It 
will  continu.  to  need  it  until  the  production  costs  can  be  cut 
atill  lower,  if  we  had  a  standard  by  which  we  could  measure 
co«t  in  tenns  of  nmnKlays,  power,  and  steam  on  an  even  basis, 
America  could  probably  .^ll  ..^t  ;i  profit  to-day  at  any  price 

•Tbii  Joohmal.  is  ilfl.'l).  249. 


that  Germany  coxild.  But  with  the  American  man-day 
costing  8  to  10  times  what  the  German  one  does  we  are  caUing 
for  temporary  help. 

Propag.vnda 

In  a  review  of  this  kind  it  should  not  be  necessary  to  discuss 
propaganda  and  possibly  it  ought  not  to  be  done,  but  it  is 
necessarj'  and  is  going  to  be  done.  Last  fall  we  were  deluged 
\vith  a  series  of  interviews  from  bankers,  college  professors, 
and  business  men.  All  agreed  that  there  was  no  American 
potash  industry,  never  had  been,  and  never  would  be,  and 
anyTvay  American  potash  was  bad  and  dangerous  and  God 
had  given  Germany  good  potash  and  plenty  of  it.  It  was 
almost  sacrilegious  to  consider  any  potash  but  the  German. 
For  such  a  wide  diversity  of  men,  none  of  them  directly  con- 
nected with  potash,  there  was  an  astonishing  unanimity  in 
ideas,  and  even  in  words  and  figures  used.  One  could  almost 
believe  the  interviews  were  mimeographed  in  one  office. 
Then  some  interviews  from  fertilizer  men  complaining  of  the 
impurities  in  American  potash,  and  specif  jing  borax  and  salt. 
At  that  very  time  the  nitrate  of  soda  they  were  using  often 
contained  more  borax  than  any  American  potash,  and  the 
German  potash  they  used  frequently  contained  more  salt 
than  it  did  potash.  Again,  about  June  first,  we  find  ad- 
vertisements in  papers  like  the  Rural  Neiv  Yorker  and  the 
Louisiana  Planter  still  harping  on  borax  in  potash,  apparently 
in  the  hope  of  influencing  some  poor  ignoramus  who  had  not 
seen  the  repeated  official  government  denials  that  harm 
could  come  from  American  potash  more  than  from  any  other. 
These  advertisements  were  signed  "United  States  SoU  and 
Crop  Service,  Potash  Syndicate."  This  name  looks  harmless 
and  patriotic  but  it  is  the  official  name  of  the  Propaganda 
Office  for  North  America  of  the  German  Kalisyndikat. 

I  would  not  bother  you  with  this  recitation  except  that  it 
is  a  part  of  the  struggle  for  existence  that  American  potash 
has  been  making  for  the  last  two  years,  and  an  appreciable 
amount  of  time  of  technical  men  in  the  industry  has  been 
consumed  in  combating  just  that  kind  of  stuff. 

Many  of  us  hoped  that  with  the  departure  of  the  Kaiser 
from  German  affairs  God  and  His  Providence  would  no  longer 
be  restricted  to  Germany,  but  might  be  allowed  to  operate 
elsewhere.  But  not  so !  Within  a  month,  two  German  bus- 
iness men  assured  me  that  'Germany  had  a  world  monopoly 
on  potash  which  could  never  be  taken  away.  God  had  given 
it  to  her  and  she  could  starve  or  feed  any  part  of  the  world 
she  chose.  This  is  of  course  hard  on  America.  Who  put 
the  potash  in  the  Nebraska  and  California  lakes,  the  Utah 
marshes,  the  cement  rock  and  the  molasses,  the  greensand, 
alunite,  and  leucite?  Are  they  not  as  natural  as  anything 
the  other  side  of  the  Rhine?  And  are  they  not  more  ac- 
cessible, being  on  the  surface  instead  of  far  underground? 
German  propaganda  is  meant  for  the  unthinking  and  the 
unthinking  often  swallow  it,  particularly  if  it  is  signed  with 
what  looks  like  an  American  name. 

The  Future 

The  foregoing  is  a  picture  of  the  American  potash  industry 
during  the  last  two  years  as  I  see  it.  To  be  a  large  industry 
that  will  protect  Americans  against  future  high-priced  potash 
it  needs  some  .'■upport  and  encouragement  now.  Some  part 
of  it  mil  live  whether  it  gets  that  support  or  not,  but  may  be 
not  enough  to  be  a  real  protection.  These  plants  cannot 
start  operation  again  suddenly  if  they  are  allowed  to  die  now. 
It  takes  time  and  money,  and  money  does  not  lightly  reenter 
an  industry  that  has  been  allowed  to  fail  from  lack  of  public 
support  at  a  critical  time.  We  wll  have  a  large  industry 
if  we  support  it  now,  and  a  small  one  whether  it  is  supported 
or  not. 


Sept.,  1922 
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The  Fertilizer  Industry 

By  Wm.  H.  Waggaman 

SCIKNTIST    IN    FBRTtLIZSR    INVS3TIGAT10N3,    IlUKSAU    OP    Soil.9,    WASnlNGTON,     D.    C. 


IN  THE  PURCHASE  of  no  other  commodity  offered  on  the 
market  to-day  is  the  consumer  more  dependent  upon 
chemistry  to  protect  him  against  fraud  than  he  is  in  tlie 
buying  of  fertilizer.  Before  the  advent  of  state  fertilizer 
control  enormous  tonnages  of  relatively  valueless  materials 
were  sold  at  a  high  price  on  the  basis  of  an  attractive  name,  a 
rich  bro'rni  color  and  a  strong  disagi'ecable  odor,  and  even  up 
to  the  present  time  certain  brand  names  persist  which  give 
the  impression  that  the  product  offered  has  pecuhar  prop- 
erties or  mysterious  power  rendering  it  particularly  well 
adapted  for  gi\dng  bumper  yields  of  special  crops. 

Chemical  control  was  first  inaugurated  in  this  country  by 
the  Connecticut  Experiment  Station  in  1876,  and  laws  were 
passed  requiring  the  fertilizer  manufacturer  to  state  on  his 
containers  the  actual  quantities  of  fertilizer  ingredients  present 
in  his  goods.  The  other  experiment  stations  soon  recog- 
nized the  advantage  of  such  regulations  and  chemical  con- 
trol is  now  in  effect  in  almost  every  state,  and  the  guaranteed 
composition  of  fertilizer  mixtures  are  so  constantly  checked 
up  in  laboratories  of  the  state  cheinists  that  it  is  practically 
impossible  for  an  unprincipled  manufacturer  to  perpetrate 
a  flagrant  fraud  upon  the  consumer.  Chemical  control, 
therefore,  has  proved  a  boon  both  to  the  reputable  manufac- 
turer and  his  customer  by  forcing  the  dishonest  dealer  out  of 
business  and  increasing  the  efficiency  of  factory  and  field 
practice.  It  has  also  educated  the  farmer  so  that  he  is  more 
familiar  with  the  actual  value  of  the  various  fertilizer  ingre- 
dients, and  brands  with  alluring  titles  no  longer  have  the  same 
psychological  effect  as  of  old.  He  wants  definite  assurance 
and  actual  proof  that  "Excelsior"  contains  something  more 
than  exceOent  filler,  that  "Champion"  has  the  substance  to 
deliver  a  real  punch  in  the  field,  and  that  "Black  Giant"  is 
backed  up  by  something  more  substantial  than  an  over- 
powering odor. 

Up  until  the  past  few  years,  however,  there  was  Uttle  ten- 
dency toward  the  use  of  high-analysis  fertihzers,  owing  to 
two  main  causes:  First,  many  farmers  found  it  difficult  to 
realize  that  bulk  has  little  significance  and  that  it  was  often 
poor  economy  to  purchase  a  low-priced  fertilizer;  second, 
there  were  many  low-grade  materials  which  for  a  long  time 
were  considered  suitable  only  for  fertilizer  purposes  and 
though  they  had  unquestionable  value  as  soil  amendments  it 
was  practically  impossible  to  use  them  in  large  quantities  for 
the  manufacture  of  high-grade  goods. 

The  Stimulus  of  War 

Conditions,  however,  are  now  changing  materially.  The 
farmer  has  learned  the  significance  of  potash,  nitrogen,  and 
phosphoric  acid,  and  reaUzes  that  more  labor  and  expense  are 
involved  when  he  handles,  hauls,  and  spreads  fertilizers  con- 
taining low  percentages  of  these  ingredients  than  when  he 
uses  smaller  quantities  of  higher  grade  goods.  The  producer 
of  low-grade  organic  ammoniates  such  as  tankage,  cottonseed 
meal,  and  rendered  garbage,  has  also  found  that  these  materials 
are  much  more  valuable  and  bring  a  higher  price  when  put 
into  stock  food  rather  than  into  fertilizer,  and  so  the  with- 
drawal of  large  amounts  of  such  products  from  the  fertilizer 
market  has  caused  the  manufacturer  to  turn  to  other  sources 
of  nitrogen  to  make  up  this  deficit. 


It  is  a  curious  paradox,  but  perhaps  a  fortunate  fact,  that 
so  many  of  the  materials  necessary  in  the  manufacture  of 
explosives  and  other  instruments  of  destruction  are  equally  im- 
portant in  the  production  of  fertilizers,  to  which  we  must  now 
look  to  help  make  up  the  deficit  caused  by  the  ravages  of  war. 
The  world-wide  conflict,  either  by  draining  our  natural  sources 
of  fertilizer  materials  or  by  cutting  off  the  suppUes  normally 
imported  from  abroad,  stimulated  chemical  research  on 
methods  of  producing  potash,  nitrogen  compounds,  and 
phosphoric  acid  as  nothing  else  would  or  could.  There- 
fore it  may  be  said  that  while  the  recent  advances  in  the  pro- 
duction of  fertflizers  are  largely  due  to  chemistry,  the  rapidity 
of  these  advances  we  chiefly  owe  to  war. 

Potash  Salts 

Before  the  war  the  suppUes  of  potash  salts  imported  into 
tliis  country  from  the  enormous  deposits  in  Stassfurt,  Ger- 
many, were  more  than  ample  to  meet  our  fertilizer  require- 
ments, and  the  price  of  these  natural  salts  was  so  low  that  little 
encouragement  was  offered  to  develop  methods  of  obtaining 
potash  from  domestic  sources.  Chemical  processes  for  the 
production  or  recovery  of  potash  from  sUicate  rocks  and 
organic  materials  were  little  known  outside  of  the  laboratory, 
and  while  patented  processes  for  extracting  this  fertflizer  in- 
gredient from  such  sources  existed  the  quantity  thus  pro- 
duced was  inconsiderable  when  compared  to  the  enormous  ton- 
nage annually  imported. 

With  the  advent  of  war,  however,  conditions  completely 
changed.  Our  chief  source  of  potash  was  suddenly  and  com- 
pletely shut  off  and  the  spectacular  rise  in  the  price  of  this 
material  rendered  it  economically  impossible  to  use  more  than 
the  smallest  quantities  in  mixed  fertilizers.  Even  then 
the  limited  supphes  on  hand  were  soon  exhausted  and  we  were 
confronted  with  the  possibflity  of  a  serious  curtailment  in 
our  agricultural  output. 

Chemistry  was  called  upon  to  help  out  in  this  real  emer- 
gency and  nearly  every  possible  source  of  potash,  both  organic 
and  inorganic,  was  given  consideration  and  close  study.  The 
feverish  energy  expended  in  research  was  not  long  in  bearing 
fruit.  Substantial  quantities  of  potash  were  extracted  from 
the  mineral  alunite,  of  which  we  have  large  deposits  in  south- 
em  Utah.  Improved  processes  for  recovering  this  fertilizer 
ingredient  from  such  organic  sources  as  kelp  and  sugar-beet 
waste  were  de^sed.  Chemical  investigations  established  the 
fact  that  we  possessed  in  our  blast  furnace  and  cement  in- 
dustries immense  potential  sources  of  soluble  or  available 
potash  and  the  latter  industry  was  soon  contributing  a  con- 
siderable annual  tonnage.  Finally  the  recovery  of  potash 
from  the  brines  of  certain  saline  lakes  in  Nebraska  and  Cali- 
fornia was  found  to  be  economically  feasible  and  when  the 
armistice  was  signed  a  number  of  plants  were  turning  out 
potash  from  this  source. 

Within  four  years  an  American  potash  industry  was  bmlt 
up  where  none  previously  existed  and  in  1918  we  turned  out 
50,000  tons  of  actual  potassium  oxide  or  about  one-fifth  of  that 
normally  consumed  for  agricultural  purposes.  While  it  is 
generally  beheved  that  this  industry  is  not  yet  sufficiently 
firmly  estabMshed  to  meet  foreign  competition  unless  it  has 
a  protective  tariff,  the  potash  producers  claim  that  such  pro- 
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■    .'  1  will  be  needed  for  a  limited  time  only  or  until  they  have 

'  i«l  or  increased  theeliiciency  of  their  chemical  processes. 

\\  ill  t  her  or  not  the  United  States  continues  to  produce  a 

large  tonnjijje  of  potash  is  an  open  question,  but  we  have 

learned  that  we  have  resources  of  tliis  fertilizer  ingredient  and 

in  case  of  emergency  we  know  where  and  how  to  get  it. 

XiTBOGEX  Carriers 

The  production  or  recover}-  of  compounds  of  nitrogen  by 
chemical  processes  is  one  of  prime  importance  to  the  fertilizer 
industr>-.  Tlu-oughout  the  war  difficulty  of  obtaining  ade- 
quate quantities  of  fixed  nitrogen  caused  the  allied  nations 
considerable  alarm.  N'one  of  the  large  nations,  with  the  pos- 
sible exception  of  Gennany,  was  producing  sufficient  amounts 
to  meet  its  requirements  and  the  imports  of  Chilean  nitrate 
upon  which  they  were  so  largely  dependent  were  always 
threatened  by  the  menace  of  the  submarine.  The  withdrawal 
of  much  of  our  supply  of  organic  ammoniates  for  stock  feed- 
ing purposes  had  already  placed  an  added  strain  on  our  normal 
output  of  nitrogen  products,  and  this,  coupled  with  the  sud- 
den demands  of  war,  brought  us  face  to  face  with  the  danger  of 
a  shortage  for  fertilizer  purposes. 

In  order  to  enhance  our  owTi  nitrogen  output  every  effort 
w!is  niade  to  increase  our  production  of  ammonium  sulfate  by 
the  replacement  of  the  old  "beehive"  coke  ovens  with  the 
by-product  type,  and  so  vigorous  and  successful  were  these 
efforts  that  \vithin  a  period  of  two  years  our  output  of  this 
product  was  pushed  from  197,128  tons  to  348,654  tons  annually. 
Thus  an  almost  criminal  industrial  waste  which  had  been 
going  on  for  many  years  was  materially  reduced.  Nothing 
but  the  emergency  of  war  could  have  brought  about  this 
rapid  increase  in  the  recover}'  of  the  by-products  of 
bituminous  coal. 

But  our  own  supply  of  nitrogen  products  was  still  far  short 
of  that  required.  Moreover,  the  importance  of  making  our- 
selves independent  of  foreign  sources  gave  an  added  stimulus 
to  researches  for  the  .synthetic  production  of  nitrogen  com- 
pounds from  the  inexhaustible  supply  in  the  air.  The 
cyanamide  process  was  the  only  one  of  these  methods  which 
had  been  commercially  successful  in  America  and  this  was 
not  in  operation  in  the  United  States.  The  knowledge  and 
advice  of  the  foremost  chemists  and  technologists  in  the  coun- 
try were  sought,  and  no  effort  and  expense  spared  to  soh-e 
this  iiroblem  so  vital  to  the  public  safety.  While  the.se  in- 
vestigations are  still  being  continued,  much  progress  has 
\)Wi\  made,  particularly  on  the  Haber  process,  of  manufac- 
turing ammonia,  and  there  is  little  doubt  th.at  within  the  next 
decade  we  will  be  producing  synthetic  nitrogen  compounds  at 
a  price  sutficiently  low  to  compete  with  the  natural  nitrate 
deiK)sits  of  South  America  and  the  ammonium  sulfate  ob- 
taine<l  from  our  by-product  coke  and  gas  plants. 

Phosphoric  Acid  .\nd  Phosphates 

While  chomiral  proce.s.<ies  were  u-sed  in  the  manufacture  of 
phosphatic  fertilizers  long  before  they  were  employed  in 
the  prmluction  of  either  of  the  other  two  fertilizer  ingredi- 
ent«,  it  was  not  until  about  the  middle  of  the  hist  century 
that  we  advanced  licyond  the  application  of  natural  sources 
of  phosphoric  acid. 

In  I.vJO  I.iebig  and  Iawcs  proposed  treating  bones  and  phos- 
phate rock  with  sulfuric  acid  in  order  to  render  the  phosphate 
water-sohible  and  more  quickly  available  to  crops.  So  suc- 
cc3.sful  has  this  simple  chemical  process  provwl  that  it  is 
now  almost  uiuvers.'\l!y  employed,  and  fully  .50  jxtr  cent  of 
the  sulfuric  acid  pro<luco<i  in  this  countr>'  is  used  in  the  man- 
ufacture of  arid  yihi>s|.l,rito. 

Hiusic  phosphiitu  ~1  ii;  v  I'lr^t  produced  in  IS75,  and  while 
merely  a  by-product  ol>!.iiiied  in  the  manufacture  of  steel  by 


the  basic  Bessemer  process,  it  has  been  a  very  valuable 
supplement  to  acid  phosphate.  The  disco\'ery  of  basic  slag 
was  largely  due  to  an  intimate  knowledge  of  the  chemistry  of 
iron  and  a  close  study  of  the  nature  and  properties  of  its 
impurities. 

Wlien  war  was  declared  the  demand  for  sulfuric  acid  so  in- 
creased that  we  were  hard  pressed  to  produce  sufficient  quan- 
tities for  both  munitions  and  fertilizer  purposes,  and  this  led 
to  the  investigation  of  other  methods  of  producing  soluble  and 
available  phosphates.  The  indications  are  tliat  at  least  one 
of  these  general  processes  is  going  to  play  an  important  part 
in  future  fertilizer  practice.  The  pyrolytic  method  of  produc- 
ing phosphoric  acid,  wherein  mixtures  of  phosphate  rock, 
silica,  and  coke  are  heated  at  high  temperatures  and  the  phos- 
phoric acid  distilled  off  and  collected,  has  already  proved  com- 
mercially successful,  and  though  most  of  the  acid  thus  pro- 
duced is  consumed  in  the  manufacture  of  baking  powder  chem- 
icals and  other  relatively  high-priced  phosphate  products,  this 
process  has  so  many  advantages  over  the  sulfuric  acid  method 
where  cheap  power  and  fuel  are  available  that  there  is  little 
question  it  will  eventually  be  widely  employed  in  the  pro- 
duction of  phosphate  fertilizers.  Bj'  the  use  of  tliis  process 
many  deposits  of  low-grade  rock  that  are  considered  unfit  for 
the  manufacture  of  acid  phosphate  will  be  made  available,  and 
the  "run  of  mine"  phosphate  can  be  used  directly  without  the 
expense  and  losses  entailed  in  the  washing  and  screening  proc- 
esses now  so  extensively  employed.  Moreover,  the  fact  that 
the  pjTolytic  process  yields  a  concentrated  product  wliich 
can  stand  the  cost  of  long  shipments  may  make  it  possible  to 
develop  more  quickly  our  immense  reserves  of  phosphate 
rock  in  tlie  far  west  that  have  as  yet  been  exploited  to  only  a 
limited  extent  because  of  their  distance  to  the  fertilizer  mar- 
ket. The  success  of  this  method,  however,  depends  on  close 
chemical  control,  and  a  careful  study  of  the  reactions  that 
take  place  between  phosphate  of  liine,  silica,  iron,  and  alumin- 
ium at  high  temperatures  under  both  reducing  and  oxidiz- 
ing conditions. 

Concentrated  Fertilizers 

The  trend  of  the  fertilizer  industry  to-day  is  toward  the 
manufacture  and  use  of  more  concentrated  products.  While 
increased  freight  rates  and  higher  labor  costs  are  partially  re- 
sponsible for  this  movement,  a  better  understanding  of  the 
chemistry  of  fertilizers  and  the  economies  effected  by  the 
emjjloyment  of  new  and  improved  proccs.ses  arc  the  main 
causes  for  our  advance.  Along  with  the  direct  manufacture 
of  phosphoric  acid  and  the  synthetic  production  of  ammonia 
must  come  the  wider  use  of  definite  and  relatively  pure  chem- 
ical compounds  for  fertilizer  purposes,  for  these  two  fertilizer 
ingredients  must  be  combined  with  a  base  and  an  acid,  re- 
spectively, in  order  to  handle,  ship,  and  distribute  them 
successfully.  The  practice  in  tlu;  past  has  been  to  partially 
neutralize  phosphoric  acid  with  lime  and  to  fix  ammonia  with 
sulfuric  acid  in  the  form  of  ammonium  sulfate,  but  such  pro- 
cedure appears  foolishly  extravagant  when  we  consider  that 
neither  of  these  materials  adds  anything  to  the  value  of  the 
product.  The  logical  procedure  is  to  combine  the  phosphoric 
acid  with  ammonia  to  form  ammonium  phosphate  or  with 
potash  as  potassium  phosphate,  and  where  both  ammonia  and 
nitric  acid  are  produced  combine  them  to  form  ammonium 
nitrate.  In  every  case  a  salt  is  obtained  wherein  both  the 
acid  and  the  base  contribute  their  share  to  the  market  value  of 
the  fertihzer. 

It  is  recognized,  of  course,  that  great  care  must  be  exercised 
in  distributing  such  concentrated  fertilizer  compounds  in  the 
field,  and  it  may  be  necessary  or  ad\'isable  to  dilute  such 
products  before  they  are  actually  applied  to  the  soil,  but  this 
can  be  done  near  the  point  of  consumption  and  the  needless 
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expense  of  shippiiig  inert  or  valueless  material  thus  avoided. 

While  tlie  manufacture  of  fertilizers  has  for  many  years 

shown  a  steady  healthy  growth,  it  is  now  rising  from  the 

plane  of  a  big  business  conducted  largely  along  "rule  of  thumb" 


lines  to  that  of  a  true  chemical  industry  founded  upon  sound 
scientific  principles,  which  maice  for  higher  efficiencj',  greater 
economy,  and  better  service  to  both  the  individual  and  the 
nation. 


Developments  in  Nitrogen  Fixation' 


By  J.  M.  Braham 


Fl.XUD  NlTROCliN   RESBA 


THE  PROBLEil  of  cheaply  obtaining  nitrogen  in  forms 
suitably  combined  for  use  in  agriculture,  the  indus- 
tries, and  in  munitions  is  probably  the  most  important 
one  confronting  the  chemical  industry  at  the  present  time. 
The  dependence  of  the  food  supply  of  tlie  world  on  com- 
bined nitrogen  is  well  known;  nitrogen  compounds  occupy 
an  important  place  in  the  industries;  and  the  very  great 
importance  of  combined  nitrogen  from  a  mihtary  standpoint 
requires  no  explanation. 

The  use  of  the  practically  inexhaustible  supply  of  free 
nitrogen  in  the  atmosphere  to  supplement  the  inadequate 
natural  sources  of  combined  nitrogen  is  a  development  of  the 
last  twenty  years.  This  relatively  new  industry  of  nitrogen 
fixation  is  undergoing  rapid  developments  in  many  countries. 
In  the  present  paper  an  attempt  has  been  made  to  indicate 
the  general  lines  of  development,  the  progress  and  the  present 
status  of  nitrogen  fixation.  In  such  a  short  article,  however, 
only  the  most  important  developments  can  be  considered. 

Fixation  Processes 

Although  a  large  number  of  processes  for  the  fixation  of 
nitrogen  have  been  suggested  and  more  or  less  thoroughly 
tried  out,  there  are  at  the  present  time  only  three  in  suc- 
cessful commercial  operation.  These,  in  the  order  of  their 
development,  are  the  Arc,  Cyanamide,  and  Direct  Synthetic 
Ammonia  (Haber).  None  of  the  other  processes  thus  far 
suggested  appear  to  give  promise  of  commercial  development 
in  the  very  near  future. 

The  Arc  Process — -The  arc  process  is  the  oldest  and  in  many 
respects  the  simplest,  consisting  essentially  in  passing  air  through 
a  specially  constructed  electric  furnace  in  which  the  union  of 
nitrogen  and  oxygen  is  effected,  and  then  absorbing  the  oxides 
of  nitrogen  in  water.  Important  experiments  in  the  early  devel- 
opment of  this  process  were  performed  by  Bradley  and  Lovejoy 
at  their  plant  at  Niagara  P''alls  in  1902-1904.  The  process  was 
being  developed  at  the  same  time  Ln  Norway  by  Birkeland  and 
Eyde,  and  in  1903  they  succeeded  in  starting  the  first  successful 
industrial  plant.  No  improvements  of  a  fundamental  nature 
have  been  made  in  this  process  since  the  early  period  of  its  oper- 
ation. The  changes  that  have  been  made  from  time  to  time 
have  been  largely  limited  to  furnace  design  and  operation,  and 
the  various  present  forms  of  the  process  differ  only  in  these  two 
respects. 

The  principal  handicap  of  the  process  is  the  very  large  power 
requirement — about  67,000  k.  w.  h.  per  ton  of  nitrogen  fixed. 
Its  profitable  operation  is,  therefore,  hmited  to  regions  in  which 
ver)'  cheap  electric  power,  off-peak  as  well  as  continuous,  is 
available.  Another  rather  serious  handicap  is  the  low  concen- 
tration of  nitric  oxide  in  the  furnace  gases,  which  results  in  high 
absorption  and  concentration  costs. 

Notwithstanding  these  difficulties,  there  are  at  present  about 


t  For  a  complete  discussion  of  the  nitrogen  problem,  with  particular 
reference  to  the  United  States,  attention  is  called  to  a  recently  published 
350-page  report  entitled  "Report  on  the  Fixation  and  Utilization  of  Nitro- 
gen,"* prepared  by  the  Nitrate  Division,  Ordnance  Office,  War  Department, 
assisted  by  the  Fixed  Nitrogen  Research  Laboratory,  Department  of  Agri- 
cultiire,  on  which  the  present  brief  summary  is  largely  based. 


twelve  arc-process  plants  located  in  Norway,  Switzerland,  Aus- 
tria, Germany,  France,  Italy,  Canada,  and  the  United  States. 
Their  combined  maximum  ijroduction  capacity  is,  however, 
quite  small,  being  approximately  .3b, 000  metric  tons  per  annum, 
which  is  only  about  0  per  cent  of  the  world's  total  nitrogen  fixation 
capacity.  Norway,  with  her  abundance  of  cheap  water  power, 
produces  about  8.')  per  cent  of  the  total  output  of  this  process. 
The  arc  process  plant  of  the  American  Nitrogen  Products  Com- 
pany of  Seattle  is  the  only  one  in  the  United  States.  Its  capacity 
is  about  .300  tons  of  fixed  nitrogen  per  annum. 

Although  somewhat  less  than  2. .5  per  cent  of  the  total  energy 
input  of  the  arc  process  is  absorbed  in  nitric  oxide  formation,  the 
possibility  of  drastic  reductions  in  the  power  requirements  by 
modifications,  such  as  in  furnace  design,  seems  quite  doubtful. 
It  appears  that  the  process  in  any  of  its  present  forms  is  essentially 
a  thermal  one,  the  main  function  of  the  electric  discharge  being 
to  produce  the  very  high  temperatures  that  favor  nitric  oxide 
formation.  From  this  viewpoint  the  thermal  efficiency  is 
probably  much  above  50  per  cent,  and  hence  the  possibility  of  a 
large  reduction  in  the  power  required  seems  doubtful.  The 
possibility  of  finding  conditions  under  which  the  actual  energy 
input  more  nearly  approaches  the  heat  of  nitric  oxide  formation 
is  of  course  not  precluded.  Research  on  the  nature  of  chemical 
reactions  in  other  types  of  electric  discharge,  such  as  in  the  corona, 
may  lead  to  the  development  of  a  much  more  efficient  process. 
Such  a  process,  however,  would  be  of  a  very  different  nature 
from  the  present  arc  process. 

In  view  of  the  exceedingly  high-power  requirements,  the  high 
cost  of  absorption  and  concentration  of  the  product,  and  the  fact 
that  the  process  does  not  appear  to  offer  possibilities  of  decided 
improvements,  it  seems  improbable  that  the  arc  process  in  its 
present  forms  will  continue  to  be  an  important  factor  in  nitrogen 
fixation. 

The  Cyanamide  Process — ^That  nitrogen  combines  with  cal- 
cium carbide,  when  heated  to  1000°  to  1100°  C,  to  form  calcium 
cyanamide.  was  discovered  by  Frank  and  Caro  in  Germany 
in  the  course  of  an  investigation  on  the  production  of  cyanides. 
Impetus  was  given  to  the  development  of  this  fixation  process 
by  the  discovery  that  the  crude  product  could  either  be  used 
directly  as  a  fertilizer  or  converted  to  ammonia  simply  by  auto- 
claving. 

The  first  commercial  plant  was  operated  in  1906,  and  following 
this  the  new  industry  grew  rapidly.  By  1913  there  were  about 
15  plants  with  an  estimated  capacity  of  300,000  metric  tons  of 
crude  calcium  cyanamide — or  lime-nitrogen  as  it  is  frequently 
called — operating  in  nine  countries.  It  underwent  an  enormous 
expansion  during  the  war  since  it  and  the  arc  process  were  the  only 
ones  in  operation  outside  of  Germany.  At  the  end  of  the  war 
there  were  35  cyanamide  plants  located  in  Germany,  Austria, 
France,  Scandinavia,  Italy,  Switzerland,  Japan,  Canada,  and 
the  United  States.  Their  estimated  total  maximum  produc- 
tion capacity  at  that  time  was  1,625,000  metric  tons,  correspond- 
mg  to  about  325,000  metric  tons  of  nitrogen.  Actual  production 
to  capacity  was  not  reached,  however,  since  a  number  of  plants 
were  just  being  completed  when  the  war  ended.  It  is  imderstood 
that  a  number  of  these  plants  have  since  been  dismantled.  There 
is  only  one  cyanamide  plant  in  the  United  States.  It  is  located 
at  Muscle  Shoals,  Ala.,  and  has  a  capacity  of  40,000  tons  of 
fixed  nitrogen  per  annum. 

The  cyanamide  process  at  the  present  time  is  in  a  compara- 
tively high  state  of  development,  and  therefore  a  decided  re- 
duction in  the  cost  of  fixed  nitrogen  by  this  process  seems  doubt- 
ful. In  this  connection  it  may  be  pointed  out  that  since  the  cost 
of  the  raw  materials,  hmestone,  coke,  and  coal,  are  practically 
fixed,  the  possible  economies  in  the  process  must  come  principally 
in  the  lowering  of  the  energy  requirements  for  carbide  production 
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and  in  increasing  the  efficiency  of  nitrification.  Approximately 
15,000  k.  w.  h.  are  required  to  fi.x  one  ton  of  nitrogen  by  this 
process,  and  the  etBciency  of  nitrification  is  about  85  per  cent. 
The  economies  that  might  theoretically  be  achieved  in  carbide 
manufacture  cannot  be  accurately  estimated,  owing  to  the 
present  limited  knowledge  of  the  thermodynamics  of  carbide 
formation.  From  a  rough  calculation,  however,  it  appears  that 
the  efficiency  of  the  present-day  carbide  furnace  is  quite  high, 
and  hence  a  large  reduction  in  the  power  cost  of  this  process  by 
improvements  in  carbide  furnace  practice  seems  improbable. 
.\'o  especially  promising  modifications  of  the  cyanamide  process 
have  been  suggested.  A  careful  investigation  into  the  thermo- 
dynamics and  mechanism  of  carbide  formation  and  nitrification, 
and  the  effect  of  various  added  materials  on  these  reactions, 
might,  however,  lead  to  very  important  modifications  of  the 
process. 

The  greatest  advantage  which  the  cyanamide  process  possesses 
over  the  other  fixation  processes  lies  in  the  extremely  wide 
variety  of  products  obtainable.  Thus,  in  addition  to  calcium 
cyanamide,  there  may  be  obtained  by  transformation  processes 
ammonia,  nitric  acid  (by  ammonia  oxidation),  cyanides,  hydro- 
c>'anic  acid,  cyanamide,  dicyanodiamide,  urea,  guanylurea, 
guanidine,  biguanide,  etc.,  and  the  very  numerous  derivatives 
of  these  latter  compoimds  which  are  becoming  more  and  more 
important  in  the  manufacture  of  munitions,  dyes,  and  drugs. 
Many  of  these  important  compounds,  such  as  nitroguanidine, 
for  example,  cannot  be  furnished  in  quantity  by  any  other 
process.  Although  the  use  of  calcium  cyanamide  as  a  fertilizer 
is  limited,  it  seems,  however,  that  a  well-rounded  nitrogen  in- 
dustry must  of  necessity  make  provision  for  the  production  of 
calcium  cyanamide. 

The  Direct  Synthetic  A^rMONiA  P*rocess — The  fixation  of 
nitrogen  by  direct  imion  with  hydrogen  to  form  ammonia  is  the 
newest  commercially  successful  process,  and  is  the  one  that  offers 
the  greatest  possibilities  for  further  development.  The  equi- 
librium in  the  ammonia-synthesis  reaction  is  such  that  the  con- 
version to  ammonia  is  higher,  the  higher  the  pressure  and  the 
lower  the  temperature.  The  upper  pressure  limit  in  this  process 
is  conditioned  largely  by  the  mechanical  problems  of  equipment 
strength  and  the  compression  of  large  volumes  of  the  gas  mixtiu-e. 
The  lower  temperature  limit  is  conditioned  by  the  reaction  ve- 
locity. The  use  of  pressures  as  high  as  1000  atmospheres  in  this 
process  is  now  being  investigated  and  the  present  lower  prac- 
ticable limit  of  temperature  even  when  using  an  active  catalyst 
is  around  500°  C. 

The  early  development  of  this  process  was  due  to  Prof.  Fritz 
Hal)er,  in  Germany,  and  it  is  only  in  that  country  that  the  process 
has  yet  been  operated  on  an  extensive  scale.  The  first  com- 
mercial plant  commenced  operation  in  1913  after  many  years  of 
experimentation.  The  process  experienced  an  enormous  develop- 
ment in  that  country  during  the  war,  the  present  estimated 
production  capacity  being  300,000  metric  tons  of  nitrogen  per 
annum.  The  low  power  requirements  of  the  process  as  operated 
in  Germany,  about  4000  k.  w.  h.  per  ton  of  nitrogen  fixed,  is  prob- 
ably one  of  the  principal  reasons  for  this  exceedingly  large  ex- 
pansion when  compared  with  that  of  the  other  processes. 

There  are  at  present  four  lines  of  development  of  the  direct 
synthetic  ammonia  process,  which  differ  principally  in  the  pres- 
sure employed,  although  the  manner  of  gas  production  and 
ammonia  removal  also  varies  somewhat.  These  are:  the 
American  (General  Chemical  Company)  process,  operating  at  100 
atmospheres;  the  original  German  (Habcr)  process,  at  200 
atmospheres;  the  Italian  (Casale)  process,  at  300  to  600  atmos- 
pheres; the  French  (Claude)  process,  operating  at  600  to  1000 
atiiKisphcrcs. 

A.s  to  the  present  development  of  these  four  forms,  the  extensive 
pro<luction  of  fixed  nitrogen  in  Germany  by  this  process  has  al- 
ready been  mentioned,  Uie  Italian  process  is  now  operating  on  a 
small  scale,  and  the  French  process  is  in  a  semicommercial  stage  of 
development.  The  .\merican  form  of  the  process  is  the  develop- 
ment of  the  General  Chemical  Company.  In  1917,  a  synthetic 
ammdiiiu  plant  of  8(KR)  tons  rated  capacity  was  constructed  for 
the  Initrd  States  Government  at  Sheffield,  Ala.,  based  on  the 
Genrrul  Chemiial  Ci>nii)any's  <lesigns.  The  plant,  however, 
did  not  operate  ,'-;iti.sf.irt(inlv  and  was  closed  down  in  the  early 
port  of  lvl',1.  In  AiiKUt  IVl-'l.  the  Atmospheric  Nitrogen  Cor- 
poration (iMii.,  ,1  I  l„„i„:i|  Company  and  the  Solvay  Process 
Compiiir     '  ■     11  of  the  first  unit  of  their  synthetic 

ammoiii  ■ , .  y.,  with  a  daily  capacity  of  about 

10  tons  .1,     It  is  understoo<l  that  it  is  oper- 

ating vti>  ..,,,,,,,.  ,,  M.v  I  lie  design  of  thus  plant  is  essentially 
the  siime  as  that  o(  the  hhcffirld  plant  but  embodies  the  modifica- 
tions which  the  trial  operation  at  the  latter  plant  had  shown  to  be 
necessary. 


Aside  from  the  mechanical  difficulties  presented  in  handling  large 
volumes  of  gas  at  very  high  pressures  and  at  temperatures  of  450° 
to  600°  C,  the  two  principal  problems  in  the  synthetic  ammonia 
process  are  the  production  and  purification  of  hydrogen  and  the 
development  of  an  active  and  robust  catalyst.  The  importance 
of  the  first  of  these  is  seen  from  the  fact  that  in  the  Bosch  method 
of  gas  production — which  is  used  in  Germany  and,  in  a  some- 
what modified  form,  in  this  countrj' — about  20  per  cent  of  the 
total  manufacturing  cost  is  in  hydrogen  manufacture  and  a  fur- 
ther 50  per  cent  in  piu-ification  before  it  is  suitable  for  passage 
through  the  catalyst.  The  exceedingly  large  cost  of  purification 
is  largely  occasioned  by  the  fact  that  catalysts  suitable  for  oper- 
ation on  impure  gas  at  moderately  low  temperatures  have 
not  thus  far  been  developed.  The  great  opportunities  for  devel- 
opment along  these  lines  through  research  are  therefore  quite 
evident. 

The  use  of  electrolytic  hydrogen,  whereby  the  cost  of  gas 
purification  would  be  greatly  reduced,  is  now  being  considered. 
The  advantage  gained  in  this  respect,  however,  would  in  most 
countries  be  largely  offset  by  the  cost  of  additional  power  re- 
quired (a  total  of  about  18,000  k.  w.  h.  per  ton  of  nitrogen  fixed). 

The  utilization  of  the  waste  hydrogen  obtained  in  the  electro- 
ly-tic  manufacture  of  oxygen,  caustic  alkali,  etc.,  by  installing 
small  s>Tithetic  ammonia  plants  has  been  suggested.  Chances 
of  developments  in  this  direction  appear  quite  promising,  par- 
ticularly along  the  lines  of  the  Claude  process. 

It  is  seen  from  the  foregoing  that  the  direct  synthetic  ammonia 
process  is  being  very  actively  developed  at  the  present  time, 
and  therefore  a  large  expansion  of  the  nitrogen  industry  along 
this  line  seems  quite  certain.  Catalyst  research  will  undoubtedly 
play  a  very  important  part  in  this  development. 

FoTUHE  Possibilities  of  Nitrogen  Fixation 

The  nitrogen  fixation  industry  is  to  a  certain  extent  now 
marking  time,  owing  largely  to  the  forced  growth  of  the 
entire  nitrogen-producing  industry,  including  coke-oven 
ammonia,  which  was  brought  on  by  the  war.  Many  of  the 
war-buUt  fixation  plants  are  now  unable  to  meet  the  compe- 
tition by  by-product  ammonia  and  Chilean  nitrate.  Much 
is  yet  to  be  done,  and  much  can  be  done,  toward  lowering 
nitrogen  fixation  costs.  The  problem  is  so  large  and  so 
difficult,  however,  that  many  years  may  be  required  for  its 
satisfactory  solution. 

Wliile  nitrogen  fixation  is  undergoing  but  little  expansion 
at  present,  there  is  a  decided  activity  in  many  countries  in 
nitrogen  fixation  research  and  development.  The  possibil- 
ities of  fruitful  research  in  nitrogen  fixation  and  utilization  are 
almost  unlimited.  Thus,  research  leading  to  further  im- 
provements in  existing  processes,  the  investigation  of  pro- 
posed but  not  fully  tried-out  processes,  the  discovery  and 
development  of  entirely  new  processes,  and  studies  on  the 
transformation  of  nitrogen-containing  compounds  to  render 
them  suitable  for  the  various  needs  in  agriculture  and  the 
industries,  presents  most  unusual  opportunities.  In  view 
of  the  importance  of  the  nitrogen  problem  and  the  vigorous 
manner  in  which  it  is  now  being  attacked  in  many  countries, 
the  fixation  of  atmospheric  nitrogen  is  certain  to  experience 
verj'  important  developments  within  the  next  decade. 


Desuifurizing  Coke 

A  study  of  the  desulfurization  of  coke  was  begun  July  1922, 
at  the  Itxperiment  Station  of  the  United  States  Bureau  of 
Mines,  Pittsburgh,  Pa.  This  is  a  practical  follow-up  of  the 
theoretical  study  of  the  oxidation  of  iron  sulfate  in  the  coke  and 
the  subsequent  removal  of  the  free  sulfur  formed  by  this  oxida- 
tion. Literature  on  this  subject  is  being  reviewed.  Many 
patents  were  taken  out  in  the  years  1850  to  1870  and  few  since. 
Roasting  and  steaming  were  favorite  methods.  In  this  connec- 
tion, methods  for  converting  sulfur  in  coke  into  tlie  FeS  form  are 
being  sought.  A  process  based  on  such  method  would  hold 
back  sulfur  that  might  ordinarily  be  evolved,  then  thi.s  sulfur 
could  later  be  removed  by  oxidation  together  with  much  addi- 
tional sulfur.  It  seems  that  FejOi  mixed  with  coal  being  coked 
decreases  the  sulfur  in  solid  solution. 


Sept.,  1922 
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Progress  in  the  Canning  Industry  in   the   Last  Ten  Years 

By  W.  D.  Bigelow 
Director  ov  RiisuARCR  Laboratokv,  Nationai,  CANNBRa  Association.  1739  H  St.,  N.  W.,  Washimoton.  D.  C. 


THERE  are  perhaps  two  distinguishing  features  of  the 
canning  industry  of  the  present  decade:  First,  co- 
operation  of   effort,   and  second,  fundamental  and 
systematic  study  of  the  principles  on  which  the  industry  is 
based. 

During  this  time  the  idea  of  trade  se- 
crets in  technological  operations  has  dis- 
appeared from  most  branches  of  the  can- 
ning industry  and  technological  questions 
are  now  discussed  freely.  This  policy  has 
resulted  in  a  greatly  improved  product, 
and  has  made  it  possible  to  define  within 
broad  limits  the  information  of  the  in- 
dustry regarding  technological  processes 
and  to  point  out  more  definitely  than  was 
heretofore  possible  the  needs  of  the  in- 
dustry for  improvement  in  those  proc- 
esses. 

Raw  Products 

It  has  become  evident  that  canning  i.-; 
intimately  connected  with  agriculture,  and 
that  its  future  success  must  depend  in  large 
manner  on  the  success  of  growers  in  pro- 
ducing canning  crops.  Increased  attention 
has  been  given    to    the   development   of  w  d. 

varieties  which  yield  abundantly  and,  at  the 
same  time,  possess  the  characteristics  most  desired  for  the 
production  of  canned  foods.  The  importance  of  planting 
seed  that  is  true  to  type  and  which  may  yield  an  abundant 
harvest  under  satisfactory  growing  conditions  is  now  generally 
appreciated. 

Canning  Machinery 

The  last  decade  has  seen  the  perfection  and  general  use  of 
machines  that  had  been  relatively  imperfect  as  well  as  the 
development  of  new  machines  for  operations  pre\dously 
conducted  by  hand.  As  a  result  of  the  developments  in 
canning  machinery,  it  is  now  possible  to  handle  many  products 
almost  entirely  by  machine,  thus  securing  greater  uniformity, 
reducing  the  cost  of  manufacture,  and  contributing  largely 
to  the  sanitation  of  the  canning  plants.  This  improvement 
in  canning  machinery  is  general  and  applies  to  nearly  all 
products  packed.  The  foUo^ving  are  mentioned  merely  as 
illustrations  of  the  progress  that  has  been  made  in  this  field: 

Com  buskers  have  come  into  universal  use,  and  cutters  have 
been  so  developed  that  the  com  is  removed  from  the  cob  in  a 
much  more  satisfactory  manner  than  was  formerly  possible. 

Blanchers  have  been  so  developed  that  they  can  be  used  more 
generally,  and  many  products,  such  as  pumpkins  and  beets,  are 
now  blanched  in  continuous  machines. 

Washing  machines  for  preliminary  cleansing  of  all  manner  of 
raw  products  have  been  brought  to  a  high  stage  of  perfection. 

Filling  machines  for  filling  the  raw  product,  such  as  peas  and 
beans,  into  the  cans,  have  been  improved  so  that  the  cans  may 
be  filled  more  uniformly  and  with  less  mutilation  of  the  product. 

Automatic  conveyors  for  the  raw  product,  the  empty  cans 
and  the  filled  cans  have  been  highly  developed,  and  greatly 
facilitate  the  transportation  between  different  portions  of  the 
plant.  This  improvement  in  conveyors  is  advantageous  in 
many  waj's.  It  cheapens  the  cost  of  production,  hastens  the 
operation  of  canning  with  a  resulting  increase  in  quality,  and 
contributes  largely  to  the  general  cleanliness  of  the  plant. 


Reseahch  Laboratory 
As  a  result  of  the  cooperative  spirit  already  mentioned, 
the  canning  industry  nine  years  ago  established  a  research 
laboratory  which  might  serve  as  a  center  for  studying  the 
fundamental  principles  of  canning  tech- 
nology. In  this  laboratory  it  is  possible 
to  study  the  general  problems  of  the  in- 
dustry more  adequately  than  could  be 
done  in  a  laboratory  maintained  by  a  sin- 
i;le  interest.  In  addition  to  general  prob- 
lems, the  laboratory  receives  many  com- 
plaints and  inquiries  from  individual  can- 
ners,  together  with  their  observations  re- 
garding the  same.  Such  communications 
are  often  accompanied  by  samples  for  in- 
spection or  analysis  and  are  frequently 
followed  by  experimental  work  at  the  can- 
ning j)Iant.  Collaboration  is  also  received 
from  allied  industries,  and  often  with  gov- 
ernmental agencies. 

Tin  Plate  and  Cans 

During  the  last  ten  years  we  have  really 
liegun  to  understand  the  desiderata  in  tin 
jilate  intended  for  packers'  cans.  We 
have  learned  that  increasing  the  weight  of 
coating  does  not  increase  the  amount  of 
tin  dissolved  by  certain  foods,  as  was 
formerly  believed  by  many  to  be  the  case.  On  the  other 
hand,  increasing  the  weight  of  coating  does  materially 
reduce  the  number  of  perforations  and  consequently  the 
amount  of  loss  experienced  -svith  certain  fruits.  A  substantial 
beginning  has  also  been  made  in  the  study  of  steel  intended 
for  the  manufacture  of  tin  plate. 

During  this  time  the  sanitary  can  has  been  developed  to 
such  an  extent  that  its  use  with  vegetables  processed  at  high 
temperatures  has  become  practicable.  As  a  result,  the  sani- 
tary can  has  practically  superseded  the  old  hole-and-cap 
can,  thus  affording  a  package  which  not  only  reduces  the 
cost  of  operation  but  enhances  the  quality  of  the  product. 

Processing  of  Canned  Foods 

The  characteristic  feature  of  canned  foods  is  that  they  are 
placed  in  hermetically  sealed  cans  and  sterUized  by  heat. 

The  times  and  temperatures  of  processing  were  entirely  a 
matter  of  experience,  and  it  was  only  within  the  last  five  years 
that  a  systematic  study  of  the  fundamentals  of  processing 
was  inaugurated.  This  investigation  includes:  First,  the 
study  of  the  penetration  of  heat  to  the  center  of  cans  of  various 
kinds  of  foods;  second,  the  hydrogen-ion  concentration  of 
canned  foods  and  the  influence  of  the  canning  process  on  the 
hydrogen-ion  concentration  of  the  product;  third,  the  study 
of  the  thermal  death  point  of  resistant  bacteria  isolated  from 
spoiled  canned  foods;  and  fourth,  the  correlation  of  the  re- 
sults of  the  three  separate  studies  just  mentioned  and  the 
calculation  from  the  data  afforded  by  those  studies  of  the 
theoretical  time  necessary  to  sterilize  various  foods  at  any 
particular  temperature.  This  theoretical  process  time  is 
then  available  for  guiding  experimental  packs  of  cans  of 
various   products   inoculated   with   resistant    bacteria.    In 
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this  way  the  processes  of  the  canning  industr>'  are  being 
studied  and  the  results  already  obtained  have  been  found 
of  substantial  value  in  guiding  process  temperatures  and 
times. 

QUALITT  AND  ApPEAR.\VCE  OF  CANNED  FoODS 

The  improvement  in  canning  machinerj'  pre\aously  com- 
mented upon  has  contributed  to  the  improvement  in  the 
appearance  of  the  product  packed.  The  proportion  of  canned 
foods  of  high  quality  is  materially  higher  than  it  was  ten 
years  ago.  In  many  products  the  highest  grade  packed  also 
shows  a  marked  improvement,  and  there  is  a  corresponding 
improvement  in  the  lower  grades.  The  increa.se  in  quality 
consi.-ts  both  in  appearance  and  in  flavor.  It  is  the  result  of  a 
general  movement  to  bring  the  raw  product  to  the  canning 
plants  in  better  condition  and  to  handle  it  by  more  prompt 
and  more  efficient  methods.  In  keeping  with  the  increased 
quality  is  a  pronounced  tendency  among  canners  to  so  label 
their  profiuct  that  consumers  can  have  more  accurate  knowl- 
edge of  the  exact  nature  of  the  contents  of  the  can.  The 
improvement  in  this  direction  is  not  yet  generally  appreciated. 
Grades  are  hard  to  describe,  and  it  is  difficult  to  so  word  a 


label  as  to  give  the  consumer  all  of  the  information  which  he 
should  have.  Systematic  progress  in  this  matter  is  being 
made,  however,  and  various  grades  are  gradually  being  de- 
fined so  that  a  change  in  labeUng  will  be  possible. 

Saxit.\tiox 

In  many  of  our  foremost  plants  careful  attention  was  al- 
ways given  to  questions  of  sanitation.  Many  difficulties 
were  encountered  in  such  plants,  however,  because  of  the 
inherent  sloppiness  of  many  of  the  operations  and  the  in- 
effective machinery  and  system  of  conveyors  formerly 
available. 

Improvements  in  these  directions  and  in  ideas  of  plant 
construction  have  greatly  changed  the  sanitary  condition 
of  the  best  plants.  In  many  plants  a  striking  change  of 
sanitary  conditions  has  been  made.  The  adoption  of  sanitary 
machinery  and  conveyors  and  the  improvement  in  quality 
and  appearance  of  the  product  have  contributed  to  the  general 
movement  of  improving  the  surroundings  of  the  canning 
plant.  This  is  especially  e\'idenccd  by  increased  light  and 
clearJiness  wthin  the  plant  itself  and  more  efficient  removal 
of  waste  products. 


A  Boom  Needed 

By  H.  W.  Jordan 

133  Stolp  Ave  .  Syracuse.  X.  V. 

The  presidents  of  three  great  American  universities  in  ad- 
dressing their  graduating  classes  struck  a  common  note  of  warn- 
ing which  university  men  of  the  chemical  and  engineering  in- 
dustries will  do  well  to  heed.  At  Yale,  President  AngcU  urged 
that  educated  men  lead  puljlic  action  against  the  prevailing  swift 
current  of  lawlessness  and  selfishness.  At  Harvard,  President 
Lowell  deprecated  the  tendency  to  float  with  the  crowd.  He 
urged  growth  of  the  .American  pioneer  spirit  that  has  character- 
ized us  as  a  people  creative  of  great  achievements,  both  material 
and  spiritual.  President  Hibben  of  Princeton  said,  "We  are  all 
owarc  of  the  fact  that  there  is  something  wrong  with  the  world. 
If  you  think  that  it  is  going  to  the  devil,  I  rejoice  in  that  belief, 
because  I  know  that  there  naturally  will  arise  the  determination 
that  you.  for  one.  will  do  everything  in  yoiu  power  to  prevent  it." 

The  close  agreement  of  these  intellectual  leaders  in  their 
analysis  of  the  idea  which  they  considered  most  important  to 
impress  upon  the  minds  of  graduating  seniors  is  no  mere  accident. 
Their  joint  conclusion  that  there  is  too  much  complaisant  drift- 
ing with  the  crowd— too  little  creative  thinking  by  university 
men  as  citizens — deserves  serious  consideration  by  everyone  of 
scientific  training.  Clear  appreciation  of  the  close  relation  be- 
tween the  industrial  proces.ses  of  the  chemist  or  engineer  and  the 
social  economic  situation  is  arising.  Edwin  Grant  Conklin, 
Arthur  Pound,  James  H.  Robinson,  Lothrop  Stoddard  and  other 
far-.oighted  men  of  creative  mind,  who  do  not  drift  with  the  crowd, 
sec  that  industrial  stagnation,  high  cost  of  food  and  housing, 
coal  strikes  and  the  like  are  ultimate  effects,  and  not  primary 
cau.-ics.  These  thinkers  throw  the  spotlight  of  science  on  the 
waste  of  energy  spent  in  fighting  effects — energy  which  should 
be  used  to  fli^rnvrr  and  correct  crtuses.  They  show  the  absurd- 
ity "f  '  iiig  the  millennium  upon  earth  by  means  of 
'he  •'  The  most  recent  example  of  this  triumph 
o'  h"l"  ncc  is  the  apjical  to  tinker  the  Constitution 
of  the  L'nuetl  .States  by  an  amendment  i)crmitting  its  amendment 
ad  infinitum  "to  meet  tlic  needs  of  the  ja-ople." 

Thi.s  sublime  example  of  trying  to  balance  oneself  by  the  ex- 
tended left  arm  with  hand  urippint;  the  back  of  a  kitchen  chair 
supported  by  one  leg  on  the  top  end  of  a  thirty  foot  pole  whose 


lower  end  rests  on  the  chin  of  Congress  impels  one  to  rush  for  the 
net  before  gravity  gets  a  start  on  the  wabbly  coliunn. 

Members  of  the  American  Chemical  Society  need  to  organ- 
ize a  salvage  corps  in  behalf  of  engineering  industry  and  of  their 
individual  selves  for  study  and  action  upon  the  newly  discovered 
relationship  between  modern,  automatic  machine  industry  and 
the  social  structure.  "You,  for  one,  need  do  everything  in  your 
power"  to  promote  such  biological,  industrial  research.  Dis- 
cussion of  the  writings  of  Professor  Conklin  and  his  associates — 
for  example,  of  his  article  on  the  "Future  of  Evolution,"  in  the 
July  Yale  Review — would  be  a  stout  boom  thrown  across  the  river 
of  popular  thoughtless  clamor  for  national  laws  designed  to  reg- 
ulate us  from  breakfast  to  bedtime;  a  boom  behind  which  many 
millions  of  valuable  mental,  social  timber  would  be  impounded 
for  constructive  use. 

Will  you,  "for  one,"  help  lay  that  boom? 


Help  Kazan 

Many  chemists  are  deeply  interested  in  the  plight  of  their 
colleagues  abroad  and  have  contributed  generously  to  their 
relief.  Here  is  a  real  opportunity  to  help  where  help  is  sorely 
needed,  and  through  the  American  Relief  Administration  we 
know  the  utmost  economy  and  efTicicncy  are  secured.  Read  this 
letter  sent  to  a  member  of  our  SOCIETY. 
Dear  Sir: 

I  take  the  opportunity  to  send  you  my  scientific  works  through 
the  American  Relief  Administration  which  is  affording  now  great 
help  to  the  starving  population  in  the  Volga  district. 

The  great  war,  the  revolution,  and  the  civil  war  in  our  country 
did  not  allow  rae  to  send  you  my  works  earlier. 

I'nfortunately  the  difficult  economical  situation  in  oui  country 
does  not  allow  ns  to  carry  on  our  work  regularly.  We  are  now 
obliged  to  spend  our  physical  and  mental  strength  in  searching 
ways  of  getting  foodstuff  for  ourselves  and  our  families. 

We  send  you  and  all  American  chemists  our  friendly  regards,  and 
we  beg  you  all  to  help  the  professors  and  assistants  of  chemistry 
of  the  Kazan  University  and  of  the  Kazan  Technological  In- 
stitute by  sending  them  food  through  the  A.  R.  A. 

I  hope  that  our  scientific  works  in  chemistry,  though  modest, 
give  us  the  moral  right  to  send  to  all  our  American  chemist  friends 
this  prayer  The  relief  received  will  give  us  the  possibility  to 
regain  our  physical  and  mental  strength  and  to  continue  to  work 
for  the  science. 

Respectfully  yours, 

Alexander  Arbusoff, 

Kazan  Univbrsitv  Professor  of  Organic  Chemistry 

Kast  Russia 
May  16,  1922 
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Recent  Chemical  and  Technological  Advances  in  Our 
Knowledge  of  Gelatin  and  (^lue 


By  Robert  Herman  Bogue 

iNDOSTRtAL  F1JI.LOW,  MBLLON    iNSTITtlTK  OK  INDUSTRIAL  Rl{sf!ARCII.  PlTTSIm 


THE  PAST  few  years  have  witnessed  advances  of  a  truly 
startling  nature  in  almost  cverj'  branch  and  subdivision 
of  theoretical  and  ajiplied  chemistry,  and  the  chemistry 
of  gelatin  has  not  lagged  behind  in  this  forward  sweep.  The 
gelatin  ionogenic  equilibria  and  their  consequenees  have 
been  studied  from  many  angles' "'■■*  by 
Loeb,  Smith,  Sheppard,  et  al.,  Kuhn,  Miss 
Lloyd,  Procter,  et  al.,  Pauli,  Davis,  et  al., 
Fischer,  Bancroft,  Bogue,  and  others. 
Theories  of  the  structure  of  gelatin,  or  of 
elastic  gels  in  general,  have  been  discussed 
by  Bradford,  Hatschek,  Barratt,  Miss 
Lloyd,  Zsigmondy,  Robertson,  Fischer, 
Bancroft,  McBain,  et  al..  Holmes,  Sherrer, 
Loeb,  and  Bogue.  Analytical  data  upon 
the  composition  have  been  accumulated 
by  Dakin,  and  by  Bogue.  Still  other  as- 
pects of  the  question  have  been  presented 
by  Alexander,  Elliott  and  Sheppard, 
Thomas,  Seymour-Jones,  Mees,  and  others. 
Lastly,  as  an  index  of  the  awakened  in- 
terest in  gelatin  and  glue,  books  are  in 
press  or  being  prepared  upon  this  subject 
by  Sheppard,  Alexander,  Thiele,  and 
Bogue. 

Ionogenic  Equilibria 

The  work  which  stands  above  all  others 
in  this  field  is  the  very  important  series 
of  investigations  by  Jacques  Loeb.'  His  accomplishments 
appear  to  be  two  in  number:  First,  the  protein  colloids, 
as  gelatin,  casein,  egg  albumen,  etc.,  are  shown  to  be  am- 
photeric bodies  whose  general  behavior  is  explainable  by  an 
appHcation  of  the  classical  laws  of  electrolytic  dissociation 
and  valency;  and,  second,  the  special  colloid  beha^^or 
of  these  bodies  and  the  degree  of  such  action  are  sho^\^l  to 
be  determined  by  an  application  of  the  Donnan  membrane 
potential  law. 

Gelatin  is  found  to  e.xist  in  three  states:  as  non-ionogenic 
or  isoelectric  gelatin;  as  a  metal  gelatinate;  and  as  a  gelatin 
salt.  At  one  definite  hydrogen-ion  concentration,  namely, 
10  "^-^  N,  or  pH  4.7,  gelatin  can  combine  with  neither  anion 
nor  cation  and  is  un-ionized.  At  a  pH  greater  than  4.7  it  can 
combine  only  with  cations  forming  a  metal  gelatinate,  as 
sodium  gelatinate,  and  at  a  pH  less  than  4.7  it  can  combine 
only  with  anions  forming  a  gelatin  salt,  as  gelatin  chloride. 

Loeb  has  more  recently  shown  that  the  swelling,  the 
viscosity,  and  the  osmotic  pressure  effects  produced  by 
varj-ing  the  ionogenic  equilibrium  may  be  adequately  ex- 
plained and  predicted  by  an  application  of  Donnan's  mem- 
brane potential  law.^^  By  calculating  from  Xernst's 
formula  for  concentration  cells  at  24°  C, 

Ci 
p.  d.  =0.059  log  ^, 

where  p.  d.  is  the  potential  difference  between  the  two  solu- 
tions in  which  Ci  is  the  H-ion  concentration  inside  the  gelatin 

♦  Numbers  in  text  refer  to  reference  list  at  end  of  article. 


solution  and  C2  the  same  in  the  outside  solution  (separated 
by  a  semipermeable  membrane).  By  comparing  the  ob- 
served and  the  calculated  p.  d.  from  the  measurements  of  pH 
in  the  two  solutions,  Loeb  obtained  very  satLsfactory  concor- 
dance. Procter  and  WOson'  had  previously  made  use  of  the 
Donnan  equilibrium  to  explain  the  .swelling 
of  gelatin. 

The  viscosity  of  two-phase  systems  has 
iicen  studied  by  Hatschek,"  who  calcu- 
lated formulas  to  cover  the  two  main 
conditions  of  loosely  packed  and  closely 
packed  systems.  The  viscosity  of  gelatin 
sols  was  studied  by  Bogue"  and  con- 
formity with  Hatschek's  formulas  could 
not  be  obtained.  The  value  K  which 
denoted  the  volume  occupied  by  unit 
weight  of  the  dispersed  gelatin  phase  was 
found  to  rise  to  a  maximum  and  there- 
after decrease  upon  increasing  the  gela- 
tin concentration.  The  increase  was  ex- 
plained as  due  to  increasing  hydration, 
and  the  decrease  to  competition  of  the 
force  of  .surface  tension  when  the  film  sepa- 
rating the  particles  becomes  very  thin. 

Swelling  and  gelation  were  investigated 
by  Bogue"  by  the  addition  of  increasing 
amounts  of  sodium  hydroxide  and  several 
silicates  of  sodium,  and  by  Davis,  Oakes 
and  Browiie'  by  the  addition  of  acids  and  alkaUes.  The  pH  of 
maximum  viscosity  was  found  to  be  at  3  to  3.5  on  the  acid 
side,  and  at  8  to  9  on  the  alkaline  side.  If  the  dibasic  cal- 
cium salts  are  not  washed  out,  however,  the  rise  on  the 
alkaline  side  is  less  marked.  Davis,  et  al.,  even  failed  to 
observe  any  rise  at  pH  greater  than  6.0. 

Sheppard,  d  al.,^  have  investigated  the  effects  which  tem- 
perature, concentration,  and  H-ion  concentration  have  upon 
the  viscosity,  jelly  consistency,  and  melting  point  of  gelatins. 
In  this  connection  they  have  devised  new  apparatus  for 
these  measurements,  which  is  more  scientific  than  any  before 
described.  The  jeUy  strength  is  measured  by  exerting  a 
torque  upon  a  cyhnder  of  the  jelly  and  noting  the  angle  of 
twist  at  break,  and  the  breaking  load.  The  results  obtained 
have  shown  a  great  disparity  of  uniformity.  It  seems  that 
the  only  conclusion  which  may  be  dra^\'n  thus  far  is  that  the 
several  gelatins  used  differed  from  each  other  in  such  a  way 
that  while  each  produced  a  tj-pical  cur^-e,  these  bore  no 
e.xact  or  parallel  relation  to  each  other,  and  the  variations 
in  elasticity  were  not  a  simple  function  of  the  concentration 
or  the  pH. 

Theories  of  Structure 

Differences  of  some  importance  continue  with  respect  to 
the  structure  assumed  to  exist  in  gelatin  gels  and  sols.  Proc- 
ter^ pictures  a  compound  of  gelatin  with  an  acid  as  a  coherent 
mass  from  which  the  gelatin  cannot  diffuse  or  separate. 
The  net  structure  is  advocated  by  Robertson,"  and  a  honey- 
comb or  sponge  structure  by  Bancroft.'" 
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Bradford"  affirms  the  existence  of  a  definitely  cn'stalline 
Btnicture  in  gelatin  gels,  claiming  to  have  obtained  gelatin 
crj'stals,  but  Sclierrer"  has  found  no  trace  of  interference 
figures  of  tin;  characteristic  space  lattice  arrangement  upon 
examining  gelatin  gels  by  means  of  the  Rontgen  photograph. 

Fischer*  continues  to  urge  his  hydration  theory,  in  which 
he  regards  gelatin  gel  as  a  solution  of  solid  hydratcd  gelatin  in 
gelatin  solution,  or,  if  the  solvent  is  limited,  a  reversal  in  t3'pe 
of  system  is  indicated  and  tlicre  is  produced  solid  hydrated 
gelatin  holding  within  itself  gelatin  solution. 

Miss  Lloyd'  has  proposed  that  gelatin  gel  consists  of  a 
solid  and  a  liquid  phase,  both  of  which  are  continuous. 
Gelation  occurs  only  on  the  cooling  of  a  sol  which  contains 
in  solution  i.<oelpctric  gelatin  and  gelatin  salts  in  equilibrium 
with  free  electroljies. 

A  catenary  or  filamentous  structure  for  both  gels  and  sols 
was  urged  by  Bogue"  in  1920  and  again  in  1922.  According 
to  this  theor>',  gelatin  soLs  appear  to  consist  of  slightly  hy- 
drated molecules  united  together  into  short  threads  resembling 
streptococci  floating  about  in  a  dilute  gelatin  solution.  A 
lengthening  of  these  threads  seems  to  take  place  as  the  tem- 
perature falls,  and  at  the  same  time  the  water-absorbing 
powder  of  the  gelatin  increases.  This  accounts  for  the  rapid 
increase  in  viscosity  with  drop  in  temperature.  A  solid 
jelly  will  result  only  when  the  relative  volume  occupied  by 
the  swollen  molecular  threads  has  become  so  great  that  free- 
dom of  motion  is  lost,  and  the  adjacent  heavily  swollen  ag- 
gregates cohere.  The  rigidity  .seems  to  depend  on  the  relative 
amount  of  free  solvent  in  the  interstices  of  these  aggregates, 
and  on  the  amount  of  solvent  that  has  been  taken  up  by  the 
gelatin  in  a  hydrated  or  imbibed  condition.  The  resiliency 
or  elasticity  is  probably  dependent  upon  the  length  and 
number  of  the  catenarj'  threads. 

Loeb'  has  recently  attempted  to  explain  the  differences 
in  the  behavior  of  different  proteins  upon  treatment  with 
water  and  electrolytes  by  an  occlusion  theory.  The  idea  is 
advanced  that  proteins  form  true  solutions  in  water  which 
in  some  instances  (c.  g.,  in  gelatin  sols)  contain,  side  by  side 
with  isolated  ions  and  molecules,  submicroscopic  solid  parti- 
cles capable  of  occluding  water,  the  quantity  of  wliich  is 
determined  by  an  application  of  the  Donnan  equilibrium. 
Those  substances  wliich  change  this  equilibrium  in  the  direc- 
tion of  an  increased  number  of  solid  particles  at  the  expense 
of  the  molecularly  dispersed  particles  will  produce  an  increase 
in  vi.scosity  and  a  decrea.se  in  osmotic  pressure,  while  the 
reverse  holds  equally  true. 

Chemic.vl  CoNSTITimON 

An  accurate  determination  of  the  amino-acid  constitution 
of  proteins  has  been  unknown  until  very  recently.  Fischer, 
L<>vine  and  Anders"  were  able  to  recover  only  42.1  per  cent 
of  the  total  nitrogen  of  gelatin  in  the  amino  acids  by  Fi.scher's 
esterification  method,  and  Skraup  and  von  Biehler"  only 
70.7  per  cent.  By  an  important  modification  of  Fischer's 
method,  Dakin"  in  1920  recovered  91.31  per  cent  of  the 
total  nitrogen  of  gelatin  in  the  amino  acids. 

By  employing  the  Van  Slyke  method"  for  the  separation 
of  aniino-iu-iil  grmips,  Bogue"  has  .shown  that  the  gelatins 
or  glues  obtaintKl  by  lung  action  of  the  water  on  the  stock 
differ  from  the  nmt<Tial  that  is  first  extracted  by  containing 
in  the  solution  the  hydrolysis  product.s  of  proteins  other  than 
gelatin,  a.f  mucin,  keratin,  elii.stin,  etc.  These  solutions,  a.s 
well  lus  the  i)nxluct>  obtainetl  by  the  partial  hydrolysis  of 
pure  gelatin,  were  shown  to  contain  also  incrcjising  amount,s 
of  prt>tcoH<',  peptone,  and  amino  acids.  The  first  extractions 
are  nearly  pure  solutions  of  the  protein  gelatin,  but  the  last 
extractions  contain  larger  amounts  of  proteose  than  protein, 
and  these  arc  deriveij  to  an  increasing  extent  from  non- 
collagen  (non-gelatin)  material. 


Technology 

The  advances  in  the  technologj-  of  gelatin  and  glue  have 
not  been  so  spectacular  as  in  the  more  theoretical  aspects. 
This  is  due  partly  to  the  disposition  of  manufacturers  to  keep 
secret  such  improvements  as  are  discovered,  and  partly  to 
the  relatively  small  number  of  able  colloid  chemists  who  are 
directly  interested  in  the  technological  phase  of  the  problem. 
A  number  of  patents  have  been  taken  out  upon  improved 
macliinery  for  glue-  or  gelatin-making.  The  old  method  of 
drj'ing  bj'  allowing  the  liquid  to  gel  in  pans,  and  then  cutting 
the  jelly  with  wires,  has  been  largely  replaced  by  more  effi- 
cient processes.  The  Kind-Landesmann  machine''  permits 
the  liquid  to  run  onto  a  wide  endless  belt  which  conveys  the 
liquid  through  a  cool  chamber  where  it  gels,  and  on  emerging 
at  the  opposite  end  is  transferred  to  the  frames  of  wire  or 
cloth  net  for  drying.  Spray  drying  has  been  tried  out  with 
some  success,  and  seems  to  be  a  highly  desirable  innovation, 
as  the  liquid  is  rapidly  converted  into  a  fine,  dry,  white  powder. 
Steam-roller  drying  is  used  for  some  products.  Improved 
machinery  has  also  been  devised  for  many  other  of  the 
manufacturing  operations.  Continuous  extracts  for  ob- 
taining the  gelatin  from  the  stock  are  of  special  importance, 
as  much  higher  grade  material  may  be  obtained. 

A  new  system  for  the  evaluation  of  glues  and  gelatins  has 
been  proposed  by  Bogue.'*  A  method  for  evaluation  that  is 
based  upon  some  fundamental  property  is  needed  very  sorely, 
for  the  metliods  in  common  use  are  both  incompetent  for 
accurate  differentiation,  and  the  results  are  purely  arbitrary 
and  expressed  in  terms  that  mean  little  or  nothing  except 
to  the  salesman.  The  proposed  system  regards  the  under- 
graded  gelatin  content  and  (for  glues)  the  maximum  joint 
strength  obtainable  as  the  most  fundamental  properties. 
These  are  found  to  be  parallel  to  the  viscosity  at  a  tempera- 
ture near  the  melting  point.  The  method  consists  in  a 
measurement  of  the  viscosity  at  35°  C.  of  an  18  per  cent 
solution  (moisture-free  basis)  by  means  of  the  MacMichael 
viscosimeter.  The  results  are  expressed  in  centipoises,  and 
the  designation  of  grade  referred  to  this  value. 

But  the  forward  movement  has  only  begun.  We  are  in 
an  era  of  chemical  progress  in  industry,  and  what  advance 
has  already  been  made  is  but  the  early  glow  of  that  which  is 
later  to  become  the  full  day. 
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Progress  on  Emulsions 

By  Leon  W.  Parsons 
Assistant  Director.  Reskarch  Laboratory  of  Applied  Chemistry,  Massachusetts  Institute  op  Technouoov,  Cambriixsb,  Mass. 


THIS  ARTICLE  indicates  briefly  several  main  channels 
through  which  progress  is  being  made  in  studying  emul- 
sions. Several  fairly  complete  summaries  of  the  liter- 
ature on  emulsions  are  available,  to  which  the  reader  is 
referred  for  details.'  With  emulsions,  the  "practice  of  the 
art,"  extensive  although  incompletely  understood,  is  far 
ahead  of  the  "science,"  a  condition  quite  universal  in 
applied  coUoid  chemistry.  For  discussion,  a  rough  division 
may  be  made  into  theoretical  aspects  and  practical  appUca- 
tions,  subdividing  the  latter  into,  first,  the  formation  of  stable 
emulsions,  and,  second,  the  breaking  of  undesirable  emulsions. 

Theoretical  Aspects 

Nature  of  Phases  Used — Frequently,  the  presence  of 
various  impurities  in  the  nonaqueous  phase  has  been  un- 
intentionally a  major  factor  in  determining  the  behavior  of  the 
resulting  emulsions.  On  account  of  the  complexity  of  these 
systems,  the  writer  beheves  that  steady  progress  will  be  made 
only  by  adopting  a  more  "synthetic"  program  in  studying 
emulsions,  namely,  using  the  purest  liquids  available  for  the 
two  phases,  and,  after  determining  the  characteristics  in  these 
supposedly  simple  systems,  building  up  graduallj'  more  and 
more  complex  phases,  determining  the  effect  of  the  added 
substances  and  comparing  the  effects  with  the  phenomena 
encountered  in  complex  commercial  systems.  Bhatnagar 
has  selected  pure  British  Pharmacopeia  paraffin  oU  for  im- 
portant studies  on  emulsion  stability  and  in  this  laboratory 
Nujol,  a  highly  refined  mineral  oil,  has  served  very  satis- 
factorily as  a  nonaqueous  phase  for  studjnng  mineral  oil 
emulsions. 

Nature  and  Function  of  Emulsifying  Agent — This 
factor  has  influenced  greatly  various  theories  of  emulsification. 
Emulsifying  agents  are  either  in  true  or  colloidal  solutions 
or  are  finely  di\'ided  sohds  in  suspension.  Surface  tension 
does  not  always  play  a  major  role.  Briggs  mentions  several 
very  good  emulsif j-ing  agents  which  do  not  lower  the  surface 
tension.  Holmes'  work  on  gelatin  indicates  cases  where 
\ascosity  rather  than  surface  tension  determines  the  stability. 
Fischer  believes  that  the  emulsifier  must  be  a  hydrated  or 
solvated    colloid    combining    with    the    continuous    phase. 

I  Clayton,  J.  Soc.  Chem.  Ind..  38  (1919),  113;  Liesegang,  Z.  deul. 
01-  Fell-Ind.,  40  (1920),  501;  A.  A.  Thomas,  This  Journal,  12  (1920),  177; 
Bancroft,  J.  Phys.  Chem.,  16  (1912).  177,  345,  475,  739;  17  (1913),  501; 
19  (1915),  275.  513;  20  (1916),  1;  Bancroft,  "Book  on  Applied  Chemistry." 
1921 ;  "The  Physics  and  Chemistry  of  Colloids,"  Report  of  Faraday  Society. 
October  25,  1920,  p.  17;    Clayton's  book  on  "Emulsions"   being    published. 


Bancroft,  in  correlating  earher  theories,  states  that  emulsifica- 
tion is  due  to  a  soUd  or  plastic  film  formed  between  the  two 
phases  by  adsorption,  the  type  of  emulsion  being  determined 
by  the  wetting  of  the  film  by  the  two  liquids,  whichever  wets 
the  film  more  becoming  the  external  phase.  Data  obtained 
by  R.  E.  Wilson  indicate  that  emulsifying  agents  form  a  film 
possessing  the  properties  of  a  plastic  solid  rather  than  a  viscous 
Uquid. 

Pickering's  early  work  on  finely  divided  solids  as  emulsify- 
ing agents  in  which  is  suggested  the  idea  of  relative  wetting 
as  a  determining  factor  in  influencing  the  type  of  emulsion 
has  been  continued  recently  by  Briggs,  who  has  shown  con- 
clusively the  similarity  between  emulsions  obtained  with 
finely  divided  solids  and  with  so-called  soluble  emulsifying 
agents,  as  soaps. 

A  new  theory  is  proposed  bj'  R.  T.  A.  Mees-  to  explain 
the  emulsifjdng  power  of  soaps  by  combining  the  theory  of 
Harkins  and  Langmuir  which  deals  ■nith  the  orientation  of 
soap  molecules  at  interfaces  and  the  previously  mentioned 
hj'dration  theory  of  Fischer. 

Several  abnormal  effects  of  emulsifjnng  agents  have  been 
observed.  In  this  laboratory,  it  has  been  found  recently  that 
a  solution  of  sodium  oleate,  after  aging,  can  produce  a  water- 
in-oil  (Nujol)  emulsion,  possibly  because  of  the  formation  of 
an  acid  oleate  by  hydrolysis,  a  change  in  degree  of  hydration, 
or  the  formation  of  a  plastic  film  in  the  solution.  Similar 
water-in-oil  emulsions  are  obtained  with  sodium  oleate  and 
stearate  when  ground  in  oil  and  shaken  with  water,  but  no 
such  effect  was  noticed  on  grinding  a  poly\'alent  soap  in  water 
and  subsequently  shaking  with  oil.  Ammonium  oleate,  a 
monovalent  soap,  is  said  to  be  capable  of  producing  a  water- 
in-oil  emulsion. 

In  brief,  there  is  urgent  need  for  further  work  on  the  soaps 
and  the  finely  divided  sohds  to  correlate  their  physical'  and 
chemical  characteristics  and  their  behavior  when  used  as 
emulsifjdng  agents.  More  definite  data  are  needed  on  the 
quantitative  determination  of  relative  wetting,  on  changes 
which  may  accompany  abnormal  effects,  and  also  on  the 
changes  in  physical  structure  of  soaps.  Photomicrographic 
methods  and  the  ultramicroscope  should  prove  valuable 
laboratory  tools. 

Methods  op  Preparation — These  consist  fundamentally 
in  breaking  up  into  droplets  what  is  to  be  the  dispersed  phase 
and  then  causing  the  emulsifjnng  agent  to  go  into  the  inter- 

>  Chem.  Weekblad.  19  (1922).  82. 
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face.  The  breaking  up  is  accomplished  mechanically  and  the 
emulsifATng  agent  may  be  added  either  to  the  internal  phase, 
may  be  suspended  or  dissolved  in  the  continuous  phase,  or 
may  be  formed  by  chemical  action  at  the  interface.  Briggs 
has  shown  that  intermittent  shaking  is  considerably  more 
effective  than  continuous  shaking.  Clayton  believes  that 
shaking  is  an  inferior  method  of  making  emulsions,  since,  as 
the  emulsion  becomes  more  perfect,  the  smashing  action  be- 
tween hea\'5'  and  light  particles  decreases,  whereas  it  should 
increase.  He  suggests  that  according  to  Briggs  it  would 
appear  that  the  ideal  process  of  emulsification  is  one  in  which 
the  dispersed  phase  is  broken  up  as  much  as  possible,  while 
the  continuous  medium  is  left  undisturbed  as  far  as  possible; 
and  that  continuous  shaking  might  give  equally  as  good  re- 
sults as  inteniiittent,  pro\-ided  the  emulsified  portions  of  the 
mixture  are  rnntinually  removed  from  the  mass  so  that  the 
energy  of  shaking  is  concentrated  on  the  remainder. 

Method  of  Te.sting  Phase  Reu\tioxships — Both  Briggs' 
drop  method  and  Robertson's  color  indicator  method  have 
been  criticized  by  Bhatnagar;  the  former,  on  account  of  the 
fact  that  a  .single  drop  may  not  always  represent  accurately 
the  emulsion;  the  latter,  on  account  of  possible  disturbance  to 
equilibrium  by  introducing  the  oil-soluble  dye.  Bhatnagar 
has  developed  an  electrical  conductivity  method  for  determin- 
ing the  type  of  emulsion  which,  it  seems,  may  also  be  open  to 
criticism  because  of  disturbance  of  equilibrium.  By  careful 
microscopic  inspection,  aided  by  a  microphotographic  attach- 
ment, the  WTJter  has  been  able  to  utilize  both  llip  Briggs  and 
the  Robertson  tests  ver>'  satisfactorily.  Care  must  be  taken, 
however,  to  observe  clo.sely  the  internal  phase. 

Stability— Considerable  experimental  work  is  being  con- 
ducted on  the  stability  of  various  emulsions.  This  depends 
on  a  number  of  factors,  such  as  the  nature  of  the  emulsifj-ing 
agent,  volume  ratio,  properties  of  nonaqueous  pliase,  etc. 
In  emulsions  of  two  pure  liquids,  the  factors  affecting  stability, 
.such  as  viscosity,  size  of  particle,  difference  in  specific  gr.a\'ity, 
and  electrical  charge,  will  also  influence  the  stability  of  emul- 
sions with  emulsifying  agents,  though  their  effects  may  not  be 
predominant. 

The  inversion  point  evidently  marks  a  region  of  instability 
and  is  of  great  importance  from  both  a  theoretical  and 
a  practical  standpoint.  Clowes  and  Bhatnagar  have  both 
studied  this  exten.sively.  Similar  studios  on  the  effect  of 
different  variables  on  the  inversion  point  have  been  conducted 
in  this  laboratory-  for  Xujol-water  sj-stems. 

There  is  a  rich  field  for  investigation  in  studying  the  action 
of  various  electrolytes  on  the  properties  of  emulsions.  Bhat- 
nagar has  extendetl  the  early  work  by  Donnan,  Ellis,  Lewis, 
and  Hatschek  and  h.-us  pointed  out  the  resemblance  between 
neutral  oil  emulsions  and  suspension  colloids.  He  records  a 
parallelism  between  the  reversal  of  phases  in  emulsions  and  the 
precipitation  of  colloid  sols  in  suspensions,  and  indicates  the 
p<w,sil)ility  of  clearing  up  the  mysteries  of  coagulation  and  of 
developing  a  rational  theory  of  colloidal  solutions  and  emul- 
xifi  cation. 

Practical  Applications 

FoR.MATii).N  OF  Stable  K.MUiJiiONS— Many  liquid  emulsions 
arc  iK'ing  developed.  The  U.  S.  Bureau  of  Entomology  i.s 
studying  oil  enuilsions  for  contact  insecticides  and  is  obt.aining 
interesting  results  with  a  nicotine  oleate  emulsion.  The 
scope   of   ini'<lii-inal   emulsions   is   enlarging   greatly.    The 

f"^''''' "  tiled  soluble  oils  is  being 

'"^■'  ■  i''s,  the  chief  difficulty 

^''"? ''  lit :ible  oil-soluble  colloids. 

Attempt*  an:  U-mg  imul'  •..  !,  velop  an  emulsified  light  fuel 
for  use  in  tractors. 

Many  .solid  or  senusolid   sj-stein.«,   invoh-ing   em>ilsions, 


are  of  great  commercial  importance.  Claj-ton  has  studied 
carefully  the  production  of  margarine,  one  of  the  most  com- 
plex solid  emulsions.  By  different  mechanical  treatments 
with  the  same  material,  either  type  of  emulsion  may  be  ob- 
tained and  the  problems  in  margarine  manufacture  offer  an 
extremely  fertile  field  for  research.  The  emulsion  chemistry 
of  household  products,  such  as  mayonnaise,  has  undergone 
considerable  development.  A  systematic  study  of  lubricating 
greases  (water-in-oil  emulsions)  is  greatly  needed.  Various 
poUshes  and  creams,  including  toilet  preparations,  offer  great 
opportunities  for  development  to  the  colloid  chemist.  As- 
phalt emulsions  are  finding  extended  use  for  paving  purposes 
and  for  application  to  paper  pulp  in  forming  water-resistant 
stock.  Emulsification  of  mineral  oils  in  the  cooking  of  rags 
for  paper  stock  has  been  studied  recently. 

Some  other  systems  involving  emulsions  which  are  being 
studied  are:  ready  mixed  paints;  emulsified  fats  for  leather; 
artificial  leather;  emulsions  of  japan  in  water;  soap  emulsions 
of  fat  solvents;  rubber  latex;  and  biological  phenomena. 

Breaking  of  the  Emulsions — A  beginning  is  just  being 
made  to  study  systematically  the  breaking  of  undesirable 
commercial  emulsions,  such  as  those  encountered  in  refining 
wool  fat  and  particularly  in  the  petroleum  industry.  At  the 
recent  emulsification  symposium  of  the  Petroleum  Section' 
the  general  nature  of  the  problems  involved  was  indicated. 
The  sj'stems  are  extremely  complex  and  illustrate  clearly 
the  aforementioned  need  for  more  careful  sjTithetic  studies. 
The  Bureau  of  Mines  at  its  Oklahoma  Station  is  starting  an 
investigation  of  oil  field  emulsions.  This  laboratory  is  also 
conducting  a  fundamental  investigation  of  commercial 
petroleum  emulsions.  The  American  Petroleum  Institute 
has  outlined  a  program  for  studjnng  this  problem. 

In  conclusion,  it  may  be  noted  that  there  is  great  activity 
along  both  theoretical  and  practical  lines  on  emulsion  re- 
search. Considerable  information  is  necessarily  kept  secret 
by  various  companies,  but  there  is  a  keen  desire  to  obtain 
accurate  scientific  data  on  emulsions  and  to  apply  such  data 
to  their  particular  problems.  The  need  for  cooperative  re- 
search between  universities  and  commercial  laboratories  is 
great  and,  with  the  rapid  advances  which  have  been  made  in 
colloidal  chemistry  during  the  past  ten  years,  the  results  of 
such  cooperative  research  should  be  extremely  valuable. 

'  This  Jocrnai.,  IS  (1921),  1008. 


Inventions  by  British  Government  Workers 

A  committee  of  representatives  of  British  governmental  de- 
partments and  British  scientific  men  has  recently  recommended  a 
comprehensive  scheme  of  dealing  with  inventions  by  government 
workers  or  by  individuals  aided  or  maintained  from  public 
funds.  The  committee  recommends  the  organization  of  an  in- 
terdepartmental patents  board.  Pending  a  decision  in  each 
case  l>y  this  board,  all  rights  in  inventions  made  by  government 
employees  shall  belong  to  the  government.  If  the  inventor 
can  satisfy  the  board  that  he  derived  no  assistance  from  the  na- 
ture of  his  employment  in  making  the  invention,  he  shall  be  en- 
titled to  all  rights  therein.  The  question  of  whether  the  inventor 
is  entitled  to  any  reward  in  addition  to  the  enjoyment  of  commer- 
cial rights  shall  be  decided  by  the  board.  Where  the  rights  in 
an  invention  capable  of  commercial  exploitation  belong  to  the 
government,  the  invention  shall  be  exploited  commercially  for 
the  benefit  of  the  government.  \  system  of  awards  and  merits 
for  the  inventor  is  proposed,  which  should  be  passed  upon  by 
an  awards  committee,  to  be  organized  within  the  proposed  pat- 
ents board.  These  are  not  intended  as  substitutes  for  commer- 
cial profits,  but  as  a  recognition  of  merit  and  as  an  incentive  to 
government  workers. 


Many  people  were  overcome  and  SI, 000,000  damage  was  done 
by  a  fire  in  the  storage  warehouse  of  the  Manufacturers'  Transit 
Co.,  New  York  City,  July  18.  Explosions  of  magnesium  powder 
used  largely  in  flashlights,  were  responsible  for  the  blaze. 
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VEGETAHLl'j  slue  may  be  defined  as  a  lioinogeneoii.s 
mixture  of  starch,  water,  and  a  .solvent  for  amylo- 
cellulosc  such  as  caustic  soda,  having  the  appearance 
and  many  of  tlie  adhe.sivc  properties  of  animal  glue.  Cassava 
(tapioca)  starch  generally  forms  the  basis  of  this  material. 
The  water  content  varies  from  2  to  4 
times  the  weight  of  the  starch  and  the 
caustic  is  generally  about  5  per  cent  and 
may  vary  between  2  and  12  per  cent  of 
the  weight  of  the  starch.  The  vegetable 
glues  find  their  widest  use  in  the  veneer- 
ing industry.  They  produce  a  joint  as 
strong  as  animal  glue.  They  are  mixed 
hot  but  used  cold  and  they  vdU.  keep  ready 
for  use  without  deterioration  for  weeks. 
Thej'  do  not  have  the  waterproof  qualities 
of  casein,  being  about  the  same  in  this  re- 
spect as  the  animal  glues.  Their  chief 
disadvantage  is  the  tendency  of  some  of 
these  glues  to  stain  certain  woods. 

P.-vTENT  Controversy 

The  earliest  reference  to  such  a  material 
concerns  apparatin,  a  product  patented 
nearly  half  a  century  ago  (1874)  by  Ger- 
ard, a  Frenclmian.  This  material  con- 
sisted of  what  is  generally  called  a  solution 
of  starch  in  caustic  and  water.  It  was 
described  as  ha\'ing  excellent  adhesive  properties,  and  as 
being  useful  in  the  field  of  textile  sizing  and  as  an  adhesive 
for  various  purposes. 

Two  others  of  the  many  patents  dealing  with  such  products 
deser\'e  attention.  In  1897  a  patent  was  granted  to  Higgins 
describing  an  adhesive  prepared  from  a  starch  that  had  been 
partially  hydrolyzed  by  treatment  with  dilute  acids.  The 
various  stages  through  which  the  starch  progressed  during 
this  treatment  were  accurately  described.  The  fact  was 
pointed  out  that  increased  strength  of  joint  was  obtained 
by  so  treating  the  starch.  In  1906  Gerson  and  Sasche  were 
granted  a  patent  in  Germany  covering  a  process  for  the 
partial  hydrolysis  of  starch  by  means  of  an  alkaline  oxidizing 
agent,  and  the  starch  base  so  produced. 

Since  that  time  a  large  patent  literature  has  been  pro- 
duced in  various  countries  on  this  subject.  To-day  there 
are  a  number  of  important  suits  in  progress  in  which  the 
courts  are  endeavoring  to  determine  to  whom  should  be  given 
the  credit  for  the  actual  inventions  declared  in  these  many 
patents. 

The  reason  for  the  court  activity  at  the  present  time  over 
these  old  patents  is  because  of  the  considerable  importance 
which  vegetable  glues  have  acquired  in  the  woodworking 
industrj\  With  the  enormous  growth  in  the  production  of 
plj'wood  panels  and  veneered  furniture,  and  with  the  gen- 
erally rising  price  of  animal  glue  the  need  of  a  cheaper  adhesive 
for  this  purpose  became  more  and  more  urgent. 

The  first  vegetable  glues  made  for  this  use  consisted  of 
raw  starch,  either  potato  or  cassava,  cooked  with  8  or  10 
per  cent  of  caustic  and  3  to  5  parts  of  water.  A  3-ply  or  a 
5-ply  panel  glued  with  this  type  of  adhesive  contained  so 


much  water  that  drying  was  difficult,  and  a  large  jjercentage 
of  failures  occurred  owing  to  opening  up  of  the  glue  joints. 
Animal  glue  used  for  this  purpose  was  generally  mixed  with 
2  parts  of  water.  When  the  raw  starch  was  used  with  2 
parts  of  water  the  resulting  glue  wa.s  altogether  too  thick  to 
spread,  either  by  hand  or  by  the  mechan- 
ical spreaders  then  used  \vith  animal  glue. 
It  was  after  this  point  had  been  appre- 
ciated that  the  various  parties  interested 
in  introducing  vegetable  glue  into  the 
veneering  field  turned  for  assistance  to 
tlie  almost  forgotten  patents  concerning 
the  partial  hydrolysis  of  starch.  When  a 
starch  base  was  used,  which  had  been 
jjreviously  hydrolyzed  according  to  the 
methods  of  Higgins  or  Gerson  and  Sasche, 
a  glue  could  be  prepared  with  caustic 
using  the  same  amount  of  water  that  was 
used  with  animal  glue. 

In  1912  the  first  of  a  series  of  patents 
in  the  vegetable  glue  field  was  granted  to 
Perkins.  This  patent  covered  a  large 
number  of  claims;  some  of  which  had  to 
do  with  the  processing  of  the  starch  b}' 
methods  practically  identical  with  those  of 
the  earlier  patents;  some  of  which  dealt 
with  the  solution  of  the  starch  in  caustic 
with  three  or  less  parts  of  water,  the 
patentability  of  which  has  been  widely  questioned;  and 
other  claims  which  covered  the  combination  of  these 
two  steps.  In  the  only  case  that  has  come  to  the  Court  of 
Appeals  the  Perkins  patent  has  been  upheld  in  part,  that  is, 
it  was  declared  that  neither  step  alone  was  patentable  but 
that  a  combination  of  the  two  was. 

At  the  present  time  there  are  several  large  manufacturers 
of  these  vegetable  glues  supplying  the  plj-wood  and  veneering 
industries.  Many  of  the  users  of  these  glues  are  to-day 
defendants  in  suits  brought  by  Perkins.  A  number  of  these 
glue  manufacturers  and  certain  organizations  composed  of 
the  users  of  these  glues  have  banded  together  in  the  defense 
of  these  suits.  As  the  outcome  is  uncertain,  both  sides  are 
interested  in  forcing  a  decision  in  the  near  future  which  will 
at  least  ser\^e  to  clear  the  air  of  the  large  amount  of  dust  at 
present  obscuring  activities  in  these  fields. 
Current  Practice 
It  is  interesting  to  note  that  to-day  current  practice  is 
drifting  away  from  the  tj^pe  of  glue  described  in  the  Perkins 
patents.  Several  of  the  glue  manufacturers  have  discovered 
that  it  is  unnecessary  to  process  their  starch  with  dilute 
acid  solutions  or  alkaline  oxidizing  agents  in  order  to  make  a 
workable  glue  when  mixed  with  caustic  and  2  or  2V2  parts 
of  water.  In  practice,  if  the  raw  starch  is  properly  cooked 
with  the  caustic  a  workable  glue  will  result.  In  fact,  some 
of  the  important  developments  of  recent  date  have  been  in 
the  opposite  direction  from  that  indicated  by  Perkins.  It 
has  been  found  possible  to  so  adjust  the  gel  properties  of  the 
starch  by  the  addition  of  certain  colloidal  materials,  that  a 
product  as  strong  as  animal  glue  is  obtained  when  4  parts  or 
more  of  water  are  added  to  the  starch  and  caustic.     It  is 
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ob\'ious  that  greater  economj'  is  obtainable  when  a  glue 
kettle  containing  500  lbs.  of  mixed  glue  is  prepared  with  100 
lbs.  of  starch  than  when  200  lbs.  are  required.  In  fact,  the 
sprvad  obtainable  with  the  glues  of  the  older  type  containing 
2  or  2'/j  parts  of  water  averages  between  45  and  55  sq.  ft.  of 
glue  line  per  lb.  of  drj'  glue.  With  the  4  :  1  glues  to  which 
certain  colloidal  materials  have  been  added  this  spread  is 
easily  doubled.  Thus,  it  becomes  apparent  that  the  amount 
of  water  to  be  dried  from  a  panel  glued  with  a  4  :  1  glue  va- 
ries but  httle  with  that  to  be  dried  from  one  glued  with  a 
2  or  2'/4  :  1  glue,  since  with  the  former  the  same  amount  of 
starch  spreads  twice  as  many  panels. 

Extent  of  Industry 

The  extent  uf  the  vegetable  glue  industry  is  apparent 
when  it  is  appreciated  that  there  is  an  annual  market  in  this 
field  for  20  or  30  million  lbs.  of  starch  in  this  country  alone. 
There  are  about  1000  concerns  using  vegetable  glues  in  the 
manufacture  of  standard  panels,  box-shooks,  and  furniture. 


There  are  perhaps  a  dozen  concerns  producing  these  various 
vegetable  glues.  The  price  to  the  consumer  of  these  vege- 
table glues  is  between  6  and  9  cents  per  lb.  A  fair  price  for 
animal  glues  for  the  same  purpose  to-day  is  between  13  and 
20  cents,  and  in  the  past  has  been  even  higher.  Thus,  there 
is  a  saving  of  at  least  one-half  the  glue  bill  when  ordinary 
2  :  1  vegetable  glue  is  substituted  for  animal  glue  and  this 
figure  can  be  reduced  further  by  employing  the  4  :  1  glues 
recently  developed. 

It  should  be  pointed  out  there  are  many  varieties  and  grades 
of  starch,  and  that  not  all  of  them  are  of  equal  value  in  pro- 
ducing a  vegetable  glue.  Moreover,  there  is  a  wide  variation 
in  most  of  these  grades  of  raw  starch,  which  makes  it  a  pre- 
carious venture  for  a  plywood  manufacturer  to  buy  raw 
starch  on  the  open  market  and  turn  this  material  into  a 
veneer  glue.  Unless  he  has  a  chemist  familiar  with  starches 
and  vegetable  glues  and  capable  of  maintaining  a  uniform 
product,  the  few  cents  per  pound  saved  on  materials  cost  will 
be  far  overbalanced  by  the  losses  from  poorly  glued  stock. 


Colloid  Chemistry 

By  Jerome  Alexander 

Ex-Chairman.  Cdmmittbb  on  Coi,i.oid3,  Nahonal  Rbsearch  CouNeii,.  Nsw  York.  N.  V. 


TIIIIGHOWING  realization  of  the  importance  of  colloid 
chemistry  and  its  practical  applications  is  evidenced 
by  the  fact  that  whereas  the  Decennial  Index  of  Chem- 
ical AbatTOCla  (1907-1916)  contains  a  little  over  12  columns 
of  titles  indexed  directly  under  colloids,  the  1921  index  alone 
contains  over  3  columns.  In  both  cases  no  note  has  been 
taken  of  a  large  number  of  titles  of  papers  dealing  with 
coUoid-chcmical  questions,  but  indexed  under  a  wide  variety 
of  other  heads. 

The  KoUoid  Zcilxchrift,  wliich  appeared  initially  in  1906, 
is  now  in  its  ,30th  volume,  and  14  volumes  of  monographs 
have  been  i.ssued  in  KolloUlchemische  Bcihcfte.  Since  its 
organization  the  National  Research  Council  has  had  its  Com- 
mittee on  Colloids,  and  the  British  Association  for  the  Ad- 
vancement of  Science  ha.s  considered  the  subject  of  such  im- 
portance, that  since  1917  it  has  issued  three  "Reports  on 
Colloid  Chemistry  and  Ita  General  and  Industrial  Applica- 
tion."!."  Each  report  contains  a  series  of  separate  papers; 
a  fourth  report  is  in  press,  and  a  fifth  is  in  preparation.  A 
few  years  ago  the  Chemical  Society  of  London  and  the 
Karaday  Society  held  a  special  joint  symposium  on  colloid 
chemist  r>-  wliich  wa.s  attended  by  quite  a  number  of  promi- 
nent ontiuental  chemists,  and  though  the  papers  read  were 
published  in  several  journals,  they  were  deemed  of  such 
importance  tliat  they  were  printed  separately,  together  with 
some  older  inacees-silile  work. 

Many  universities  and  colleges  here  and  abroad  are  giving 
spparnte  courses  in  roUoid  chemi.stry,  and  no  course  in  theoret- 
ical or  terliiiinil  chemistry  is  complete  without  gi\ing  it  due 
consiileriiti"ii  .\n!ilv>i-<,  biologists,  and  physicians  must 
take  note  ■  :  it.  In  iiiino.st  every  br.inch  of  chemistry  and 
tcchnoldxy,  ^vorkers  of  unquestioned  reputation  and  ability 
are  producing  striking  result,s.  Why  is  it,  then,  that  there  are 
Rtill  .-tome  «ho  shrink  from  recognizing  colloid  chemistry  as 
a  distinct  »on<'  in  the  widr  liell  of  chemical  and  physical 
science,  and  cling  to  the  idea  that  colloid  chemical  facts  must 


be  explained  upon  the  basis  of  "simple  chemical  principles?" 
Just  criticism  has  been  leveled  at  some  who  fail  to  give 
due  weight  to  purely  chemical  considerations,  or  who  think 
that  a  problem  may  be  dismissed  with  the  mere  statement 
that  it  is  "colloidal."  But  the  main  cause  of  the  tendency 
referred  to  is  an  at- 
tempt to  stretch  the 
original  and  long-es- 
tablished meaning  of 
the  term  "chemical" 
to  cover  all  cases  where 
attractive  forces  result 
in  combination.  Thus 
S.  H.  C.  Briggs'  goes 
so  far  as  to  consider  as 
"chemical"  the  forces 
which  hold  atomic 
kernels  and  electrons 
together  to  form  ele- 
ments. If,  with  Lang- 
muir,  we  call  all  resid- 
ual electronic  forces 
"chemical,"  then  ad- 
sorption compounds 
are  chemical  com- 
pounds. Atoms  or 
molecules  without  a 
residual  field  of  force 

would  form  a  perfect  gas,  but  even  helium  does  not  meet 
this  criterion.  Elemental  atoms  and  all  molecules  are 
ani.sotropic  or  polar,  and  after  the  satisfaction  of  what 
have  been  heretofore  regarded  as  the  normal  chemical  va- 
lences, there  remain  powerful  residual  or  stray  fields  of  elec- 
tronic force  which  are  responsible  for  what  we  ordinarily 
term  the  physical  properties  of  the  substance — its  hardness, 
melting  point,  boiling  point,  soluljitity,  viscosity,  etc. 

'  Phil.  Mag  .  4S  (11)21),  448. 
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Much  difficulty  would  be  avoided  if  we  adopt  the  chissi- 
fication  suggested  by  P.  E.  Wells; 

1 — Electronic  forces — those  which  bind  electrons  together  into 
atoms. 

2 — Atomic  forces — those  which  bind  atoms  together  into  mole- 
cules. 

3 — Molecular  forces — those  which  bind  molecules  together 
into  masses. 

4 — Molar  forces — those  which  affect  masses,   »'.  «.,  gravitation. 

There  is  no  sharp  demarcation  between  2  and  3,  and  the 
forces  involved  in  colloid  phenomena  bridge  the  gap.^  So 
after  the  novice  is  taught  to  distinguish  between  physical 
mixtures  and  chemical  compounds,  he  must  gradually  learn 
that  no  sharp  distinction  exists. 

Without  in  any  way  attempting  to  give  a  complete  or  even 
a  critical  selection  from  the  wide  field,  there  are  here  briefly 
mentioned  a  few  colloid  subjects  of  theoretical  interest,  fol- 
lowed by  a  number  of  instances  where  recent  develoijments 
in  colloid  chemistry  have  been  applied  to  technical  problems: 

Theoretic.\l 

1 — It  seems  probable  that  changes  in  sensitive  bio-coUoids 
constitute  one  important  mechanism  whereby  evolution  pro- 
ceeds. 

2 — It  has  been  shown  that  adsorbed  ions  are  necessary  to  the 
formation  of  stable  colloidal  solutions  and  jellies. 

3 — Nephelometers  have  been  developed  and  applied  to  many 
quantitative  determinations. 

4 — With  the  MacMichael  viscosimeter  the  viscosity  of  colloids 
may  now  be  expressed  in  absolute  or  c.  g.  s.  units. 

5 — The  size  of  colloidal  particles  has  been  checked  with  the 
aid  of  an  oscillating  electric  field. 

6 — Much  work  has  been  done  on  fogs,  smokes,  and  adsorbents. 

7 — Much  work  has  been  done  on  catalysis,  its  acceleration  and 
inhibition. 

8 — M.  H.  Fischer  and  Wo.  Ostwald,  among  others,  have  shown 
the  importance  of  the  state  of  swelling,  or  solvation  in  colloids. 

9 — After  showing  the  importance  of  H-ion  concentration  in 
protein  solutions,  J.  Loeb  applied  the  Donnan  theory  of  membrane 
equilibria  as  developed  by  Procter  and  Wilson,  and  worked  out 
a  mathematical  and  quantitative  theory  of  the  colloidal  behavior 
of  proteins. 

10 — McBain   has    developed  the  idea  of  colloidal   electrolytes, 
»'.  e.,  salts  in  which  one  of  the  ions  is  replaced  by  a  heavily  charged 
hydrated  ionic  micelle  (a  colloidal  particle  of  great  conductivity). 
11 — Many    biological    reactions    have  been  explained  on  the 
basis  of  colloid  chemistry, — i.  e.,  clotting  of  blood,  coagxxlation  of 
milk,  Wassermann  reaction,  anaphylaxis,  etc. 
12 — Ultrafiltration    and    ultracentrifugation     have    been    de- 
veloped. 
13 — Ultramicroscopy  has  made  rapid  strides. 
14 — Swelling   and   shrinking   of   colloids   have   received  wide 
attention  from  an  experimental  and  from  a  theoretical  standpoint. 
15 — The   making   and   breaking  of  emulsions  as  well  as  their 
reversal  of  phase  have  been  much  studied. 

16 — Many  applications  of  colloid  chemistry  to  chemical 
analysis  have  been  noted. 

Technical  Applications 

1.  Flotation — Over  60,000,000  tons  of  ore  are  treated  an- 
nually. Adsorption,  surface  tension,  and  flocculation  are  impor- 
tant factors  here,  and  because  of  the  great  commercial  interests 
involved,  much  work  has  been  done  on  the  theoretical  and  practi- 
cal sides  of  flotation  problems. 

2.  Colloidal  Adsorbents  (silica-gel,  specially  prepared  car- 
bons, fuller's  earth) — The  importance  of  proper  carbon  for 
gas  masks  was  proved  during  the  war.  Patrick's  silica-gel  is 
largely  used  to  recover  casinghead  gasoline,  and  petroleum 
distillates  are  purified  by  various  adsorbents.  Zerban  reports 
that  impurities  in  cane-sugar  juice  are  largely  colloidal  and 
mainly  removable  by  adsorption, — i.  e.,  with  0.5  per  cent  Filter- 
eel  and  1  per  cent  Norit. 

3.  Colloid  Mills — These  are  essentially  high-speed  disinte- 
grators arranged  for  wet  grinding.  A  protective  colloid  is  usually 
added  to  the  water  or  other  fluid  used,  to  prevent  re-aggregation 
of  colloidal  particles  originally  formed.  The  mill  is  said  to  find 
appUcation  in  the  following  industries:   soap,  viscose,  cellulose. 


'  In  fact  many,  among  them  Faraday,  have  expressed  the  view  that 
there  is  only  one  ultimate  kind  of  force. 


oil,  rubber,  sugar,  and  glue.  Products  of  special  properties  are 
without  doubt  i)roduced,  but  until  definite  information  is  had 
as  to  output,  cost  of  power  and  repairs,  judgment  as  to  the  com- 
mercial status  of  the  mill  must  be  suspended. 

4.  Ultracentripuces  (and  ultrafilters)  have  been  applied 
to  the  clarification  of  many  fluids, — i.  e.,  varnishes,  wool-scouring 
liquors  (with  recovery  of  wool  grease),  gelatin. 

5.  Water-Purification  and  Sewage  Disposal — The  Journal 
of  lite  American  Water  Works  Association  shows  many  extensions 
in  this  field.  New  sand  filters  do  not  function  properly  until  a 
bacterial  gel  or  slime  forms  on  their  surfaces.  The  same  appUes 
to  sewage  filters. 

6.  Tanning — Much  valuable  work  has  been  done  by  H.  R. 
Procter  and  J.  A.  Wilson,  who  have  applied  iJonnan's  theory 
of  membrane  equilibria,  which  for  some  time  lay  buried  in  the 
Zeitschrift  fiir  Elektrochem. 

7.  Lubrication — W.  B.  Hardy  showed  that  powerful  adsorp- 
tion at  the  interfaces  involved  is  an  essential  in  lubrication. 
Southcombe  and  Wells  patented  the  addition  of  a  small  amount 
of  free  fatty  acid  (about  1  per  cent)  to  petroleum  oils.  This 
lowers  the  interfacial  tension  between  oil  and  metal.  The 
surface  tension  between  oil  and  graphite  is  less  than  between  oil 
and  metal;    hence  graphitizing  aids  lubrication. 

8.  Colloidal  Fuel — -This  consists  of  finely  powdered  coal, 
tar,  etc.,  dispersed  ih  fuel  oil  with  the  aid  of  a  protector  (usually 
a  lime  soap).  Most  of  the  dispersed  material  is  far  above  colloidal 
dimensions,  so  the  fuel  has  a  "hfe"  limit  that  may  extend  to 
months,  after  which  it  may  be  "revivified"  by  agitation.  It 
should  economize  fuel  oil  and  use  up  culm  and  other  wastes. 

9.  Metallurgy — Properties  of  metals  and  alloys  are  depen- 
dent upon  fineness  of  grain,  and  this  may  be  partially  within  the 
colloidal  zone.  Scherer  showed  that  even  amicroscopic  particles 
of  colloidal  gold  consist  of  crj'stals,  but  that  with  colloidal  siUca 
and  stannic  acid  crystalline  and  haphazard  or  amorphous  groups 
of  molecules  may  coexist. 

10.  Petroleum — The  viscosity  of  oils  depends  upon  their 
previous  history,  probably  because  of  variations  in  the  degree 
of  dispersion  of  waxy  bodies  present.  The  breaking  of  emulsions 
in  refining  and  their  formation  in  lubrication  are  colloidal  prob- 
lems. 

11.  Clay — The  use  of  deflocculators  in  purifying  and  casting 
clays  has  been  largely  developed. 

12.  Agriculture — Colloid  problems  in  soils  and  fertilizers 
are  being  widely  investigated.  A  small  amount  of  "ultra-clay" 
produces  a  powerful  effect  on  a  soil. 

13.  Insecticides, — i.  e.,  lead  arsenate,  are  more  efficient  and 
stick  better  when  in  colloidal  state.  Minute  quantities  are 
sufficient  to  kill  insects,  and  it  is  wasteful  to  supply  more  than 
the  necessary  dose. 

14.  "FiREFOAM,"  used  in  blanketing  fires,  is  a  carbon  dioxide 
froth  made  by  mixing  solutions  of  alum  and  sodium  bicarbonate. 
A  protective  coUoid,  such  as  glue,  dextrin,  or  saponin,  is  used 
to  stabilize  the  finely  dispersed  foam. 

15.  Rubber — The  importance  of  the  state  of  subdivision  of 
"fillers"  is  recognized.  Much  work  has  been  done  on  vulcaniza- 
tion, and  on  the  coagulation  of  latex.  Glue  is  now  worked  into 
rubber  tires  on  a  large  scale,  and  is  said  to  improve  their  life. 

16.  Baking  and  Bread-Making — The  swelling  and  viscosity 
of  glutens  are  being  investigated,  also  the  prevention  of  "staling" 
by  milk,  fat,  etc.  The  effect  of  traces  of  salts  on  flour  is  im- 
portant. 

17.  Varnishes,  Paints  and  Pigments — Work  has  been  done 
on  thickened  oils  (linseed  and  china  wood  oil),  resins  and  syn- 
thetic resins  (bakelite),  and  varnishes.  The  degree  of  sub- 
division of  pigments  in  paints,  and  their  maintenance  in  disper- 
sion and  suspension  are  important  factors  in  paints. 

18.  Milk  and  Milk  Products — Ice  cream  is  improved, 
stabiUzed,  and  made  more  digestible  by  protective  coUoids 
(gelatin,  eggs,  etc.).  Homogenized  milk  and  cream  having 
increased  viscosity  are  largely  used,  and  artificial  milks  are  made. 
Protective  coUoids  are  used  in  preparing  margarines.  Little 
work  has  been  published  in  regard  to  cheese. 

Besides  translations  and  new  editions,  increasing  numbers 
of  books  are  appearing  originally  in  English.  Laboratory 
manuals  have  been  issued  by  E.  Hatschek  and  by  H.  N. 
Holmes.  In  1921  \\'.  D.  Bancroft  published  in  This  Journal 
a  Ust  of  200  research  problems  in  colloids,  which  list  was  is- 
sued separately  by  the  National  Research  Council. 

In  looking  up  indexes  for  references,  it  must  be  borne  in 
mind  that  many  papers  and  books  of  interest  to  the  colloid 
chemist  are  not  indexed  under  "colloid."     Such  headings  as 
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gel,  «)1,  hydrosol,  jelly,  emulsion,  coagulation,  etc.,  should 
be  consulted,  and  many  papers,  especially  those  listed  in 
Chemical  AhstTncts  under  General  and  Physical  Chemistry, 
and  Biological  Chemistry,  contain  colloid  chemical  work. 
Thus  W.  E.  S.  Turner's  book  on  "Molecular  Association" 
(p.  99)  has  the  following  pertinent  statement: 


The  formula  of  a  substance  shall  be  recognized  as  a  function 
of  the  physical  conditions  under  which  it  exists,  so  that  the 
formula  for  elements  is  Xn,  for  compounds  (XY)«,  where  n 
is  to  be  specified  according  to  the  conditions.  Although  we  are 
far  from  realizing  how  n  varies  for  most  substances,  the  adoption 
of  such  formulas  would  bring  home  clearly  the  fact  that  both 
the  physical  and  the  chemical  behavior  of  the  substance  may  be 
closely  dependent  on  the  value  of  n. 


The  Chemistry  of  Intermediates 

By  M.  L.  Crossley 

Calco  Chemicai.  Co..  Bound  Brook.  N.  J. 


THE  PERIOD  under  review  is  particularly  marked  by 
the  successful  appUcation  of  sound  physicochemical 
principles  to  the  solution  of  the  complex  problems  in- 
volved in  the  manufacture  of  organic  compounds.  More  than 
ever  before,  it  luus  |)pcn  demonstrated  that  physics  and  chemis- 
try arc  indis8olubly  linked  and  that  in  this  union  is 
great  potential  power  for  use  in  the  service  of 
humanity.  Much  of  the  progress  made  in  the 
chemi.stry  of  intermediates  during  the  past 
few  years  has  Ijeen  due  to  the  combined 
efforts  of  organic  and  physical  chemists. 
The  catalyst  has  been  the  key  to  unlock 
many  molecules  and  thus  permit  reac- 
tions not  othenvisc  realizable.  Our  knowl- 
edge of  surface  phenomena  Is  rapidly 
leading  to  a  better  understanding  of  the 
mechanism  of  chemical  reactions. 

In  one  other  respect  the  past  few  years 
in  the  chemistr>'  of  intermediates  have 
been   noteworthy,   that  is,   in  the  ever- 
increasing   evidence  of    the    interdepen- 
dence of  dye  intermediates  and  pharmaceu- 
tical products.    SalicyUc  acid  has  given  us  an 
excellent    nontoxic    local    anesthetic — salicyl 
alcohol,  and  some  comi)lex  carbamide  of  the  najih 
thalenc  series  invoh'ing  II  acid  is  protjably  the  future 
remedy  for  sleeping  sickness.     Although  the  consti-       m.  l.  c 
tution  of  "Bayer  205"'  is  not  disclosed,  it  is  thought 
to  be  one  of  the  several  carbamides  or  closely  related  sub- 
stances on  which  so  much  research  activity  centered  in 
Germany  during  the  years  1911-1916. 

Progress  has  been  diversified.  In  a  few  instances  the 
results  have  led  to  the  prcxluction  and  utilization  of  new  com- 
pounds, while  in  the  majority  of  cases  the  achievements  have 
not  been  epoch-making  but  rather  the  necessary  improve- 
ments to  make  already  existing  proce.sses  adaptable  to  modern 
economic  conditions  or  the  development  of  new  processes 
for  old  products. 

Carboxvlic  Acids 

Both  catalj-tic  and  electrolytic  processes  have  been  de- 
veloped for  the  manufacture  of  carbox-j-lic  acids.  At  the 
present  lime  the  catalytic  processes  appear  to  l)C  more  eco- 
nomical and  practical.  Acetic  acid'  is  obtained  by  the 
catalytic  oxidatinn  of  acetaiilehyde  and  benzoic  acid'  by  both 
catalytic  8t\d  eli-rtrniyiic  oxidation  of  toluene.  Many  sub- 
BtancpM  ha\«!  been  trie<l  as  catalysts  in  the  air  oxidation  of 

'  "Annual  Rrports  of  iho  Protrcn  of  Chemistry  for  I92I,"  Chtm.   Soc 
IS  (1021),  IH7. 

<  Gti.   P«ltnt  299.782 

'J.Sot.  Cktm  /■<<,  M(I»2I),307R. 


toluene  and  naphthalene,  and  vanadium  pentoxide  has  been 
chosen,  in  most  cases,  as  the  most  suitable  for  the  purpose.  It 
has  been  sho^Ti  that  a  high-grade  benzoic  acid  can  be  obtained 
bj-  fusing  benzene  sodium  sulfonate  ^Nith  sodium  cj'anide.* 
The  practical  application  of  this  process  is,  however,  ques- 
tionable. Benzoic  acid  has  also  been  made  by  a 
modification  of  the  Friedel  and  Crafts  reaction' 
-passing  phosgene  into  benzene  and  carbon 
bisulfide  at  a  low  temperature,  then  adding 
aluminium  chloride  and  subsequently  hy- 
drolyzing  to  benzoic  acid  and  recovering 
the  carbon  bisulfide.  If  carbon  bisulfide 
is  not  used,  benzophenone  is  the  main 
product  of  the  reaction.  The  benzophe- 
none is  converted  into  benzoic  acid  by 
fusing  with  caustic.  This  process  for 
benzoic  acid  is  interesting  but  it  does  not 
seem  capable  of  ultimately  competing 
with  the  catalj'tic  process.  It  should  be  of 
great  importance  as  a  process  for  the  man- 
ufacture of  bcnzophenonn  when  this  prod- 
uct is  required  as  a  dye  intermediate. 
Intensive  and  well-executed  researches  on 
the  catalytic  air  oxidation  of  benzene  and 
naphthalene  have  resulted  in  processes  for  the 
maimfacture  of  maleic'  and  fumaric  acids  from 
lossLBY  benzene  and  phthalic  acid'  from  naphthalene.  It  is 
difficult  at  this  time  to  correctly  evaluate  the  contri- 
bution that  these  discoveries  will  make  to  the  economic 
development  of  our  time,  but  it  is  safe  to  say  that  they  appear 
to  be  the  most  important  contribution  to  the  progress  of  the 
synthetic  organic  chemical  industry  made  (luring  this  period. 
With  cheap  ninlcic  and  fumaric  acids  available  new  industries 
will  arise.  Fumaric  acid  may  yet  be  the  initial  raw  material  for 
the  synthesis  of  indigo.'  Cheap  plithalic  anhydride  makes 
possible  synthetic  anthraquinone,  and  this  means  unhampered 
progress  in  the  development  of  the  anthraquinone  dyes,  par- 
ticularly indanthrenc  and  other  vat  dyes.  PhthaUc  anhydride 
will  Ijecome  of  increasing  importance  in  the  manufacture  of  in- 
termediates. A  new  intermediate'  for  azo  dyes  is  prepared 
by  combining  phthalic  anhydride  with   1,7-aminonaphthol. 

Sulfonic  Acids 

Sulfonation  has  received  considerable  attention  of  late. 
A  continuous  process,'"  introducing  the  sulfuric  acid  and  the 

<  Chrm.  Mrl.  Eng.,  24  (1921),  638,  697. 
'  This  Joornai,,  14  (1922),  ■lOO. 
'  U,  S.  Patents  1,318,632,  1,318,633,  1,377,534. 
'  This  Journal,  14  (1922),  120;    Brit.  Patents  164,785.  145,071, 
•  J.  Am.  Chem.  Soc.  44  (1922),  216. 
'  Brit.  Patent  145,057. 
'•  Brit    Patent  147,967. 
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hydrocarbon  through  utoraizers  into  the  upper  portion  of 
a  steam-jacketed  tower  provided  with  a  condenser,  permits 
the  reacting  mass  to  flow  down  the  tower  over  baffled  plates, 
thus  completing  the  reaction.  The  product  is  drawn  off  at 
the  bottom  of  the  tower  and  any  condensed  hydrocarbon  re- 
turned to  the  charging  apparatus.  It  hivs  l)cen  found  that 
certain  catalysts  enhance  sulfonation  anil  in  some  cases 
affect  the  orientation  of  the  sulfonic  group."  benzoic  acid, 
when  sulfonated  in  the  presence  of  a  small  quantity  of  iodine, 
gives  the  o-sulfonic  acid.'^  A  small  quantity  of  anhydrous 
sodium  sulfate  and  vanadium  jicntoxide  used  as  a  catalyst 
in  the  sulfonation  of  benzene  doubles  the  amount  of  benzene 
sulfonated  per  minute.'^  Hy  the  use  of  a  small  quantity  of 
iodine"  as  a  catalyst  certain  sulfonations  are  made  possible 
with  weaker  sulfuric  acid  than  would  otherwise  be  required. 
The  time  of  sulfonation  is  also  shortened.  This  catalyst 
is  particularly  suitable  for  sulfonations  of  benzene  compounds 
containing  substituents  such  as  OH,  NHj,  COOH  or  halogen, 
but  works  with  diflSculty  or  not  at  all  with  compounds  of  the 
benzene  series  containing  SOsH  or  NO2  groups.  Other 
catalysts"  have  been  studied  and  in  certain  cases  found  to 
have  marked  influence  on  both  the  quality  and  the  yield  of 
the  sulfonated  product. 

Certain  definite  progress  has  been  made  in  bringing  about 
difficult  sulfonations.  The  problem  of  finding  a  satisfactory 
method  for  the  preparation  of  chlorobenzene-disulfonic 
acid  has  been  solved  by  sulfonating  p-chlorobenzenesulfonyl 
chloride"  with  monohydrate  at  1G0°  to  180°  C.  The  yield  is 
said  to  be  quantitative.  The  resulting  product  is  4-chloro- 
benzene-l,3-disulfomc  acid.  Again  it  has  been  shown 
definitely  that  the  product  obtained  by  the  sulfonation  of 
metanilic  acid  is  the  3,6-disulfonic  acid'"  of  aniline.  Sul- 
fanihc  acid  when  heated  with  a  mixture  of  sulfuric  acid  and 
phosphoric  oxide  at  180°  C.  for  eight  hours  gives  aniline- 
2,4,6-trisulfonic  acid.  The  yield  is  poor  and  the  process 
needs  further  refinement. '« 

Aldehydes 

Coasiderable  progress  has  been  made  in  the  preparation  of 
aldehydes  on  an  industrial  scale.  Acetaldehyde  has  been 
made  in  large  quantities  from  acetylene.  Where  cheap 
power  is  available  this  should  be  a  practical  process  for  the 
manufacture  of  acetaldehyde  and  its  derivatives,  particularly 
acetic  acid.  Cheap  acetic  acid  is  indispensable  to  the  de- 
velopment of  the  cellulose  acetate  industry.  Benzaldehyde 
is  obtained  by  catalj1;ic  air  oxidation"  of  toluene  and  sahcyl- 
aldehyde-"  by  oxidizing  o-cresol  in  the  vapor  phase  with  air 
or  a  suitable  gas  containing  oxygen  in  the  presence  of  a  metal- 
lic oxide  which  serves  as  a  catalyst.  Electrolytic  processes 
have  also  been  developed  for  benzaldehyde  but  it  is  stiU  un- 
certain whether  they  are  practical.  A  very  interesting  cata- 
lytic process  for  hydroxyaldehydes  consists  in  treating 
phenol  or  derivatives  of  phenol  with  formaldehyde  in  the 
presence  of  nitroso  compounds.  VaiiUlin  is  prepared  by 
treating  guaiacol-'  with  formaldehyde  in  the  presence  of 
p-nitrosodimethylaniline. 

Amines 

The  progress  in  catalytic  reduction  of  cj-clic  nitro  com- 
pounds to  the  corresponding  amines  has  been  slow  and  un- 

"  /.  Chem.  Soc,  117  (1920),  1405. 

"  Ibid.,  117  (1920),  1405. 

"  This  Journai.,  12  (1920),  968. 

>•  J.  Soc.  Chem.  Ind..  40  (1921),  40A,  715A 

"  Private  communicatioa. 

"  Ger.  Patent  280.563. 

"  Rec.  Irav.  chim..  39  (1920),  499. 

"Ibid.,  39  (1920),  194. 

«  Brit.  Patent  165,076. 

21  U.  S.  Patent  1.380.277. 

:»  Brit.  Patent  164.715. 


certain.  Many  processes  have  been  developed  but  it  ap- 
pears that  they  are  still  in  an  experimental  stage.  An  almost 
quantitative  yield  of  aniline"  is  claimed  to  be  obtained  by 
passing  a  mixture  of  nitrobenzene  vapor  and  hydrogen  or 
water  gas  or  an  alcohol  capable  of  giving  hydrogen  on  de- 
hy(lrogcnati(jn  over  heated  copper  oxide.  Several  catalysts 
have  i)een  studied.  Some  are  effective  in  the  liquid  i)ha.se 
and  others  in  the  vapor  phase.  Certain  compounds  of  the 
type  R — C1I=NR"  arc  reduced  to  secondary  amines  by 
passing  hydrogen  in  the  liquid  containing  a  suspension  of 
finely  divided  nickel.  The  researches  on  catalytic  reduction 
continue  with  unrelenting  vigor. 

Some  progress  has  also  been  reported  in  tlie  reduction  of 
certain  substituted  nitro  compounds  with  different  reducing 
agents.  p-Nitrophenol,  2,4-dinitrophenol,  and  the  o-  and 
p-nitrobenzoic  acids  have  been  reduced  to  the  corresponding 
amines  by  iron  and  sulfurous  acid."  Certain  other  nitro 
compounds  have  been  reduced  to  the  corresponding  hydroxyl- 
amines  or  amines  in  an  aqueous  emulsion  with  alkali  sulfides. 
Nitrobenzene  gives  by  this  method  a  yield  of  72  to  74  per  cent 
of  practically  pure  crystalline  j3-phenylhydroxylamine. 
Mononitroanihne  and  p-nitroaniline  are  reduced  to  the  cor- 
responding diamines." 

The  catalytic  alkylation  of  amines  has  received  some  at- 
tention. A  mixture  of  monomethylanihne  and  dimethyl- 
aniline  has  been  obtained  by  passing  a  mixture  of  aniline  and 
methanol  over  aluminium  oxide  or  silica  gel.  Metkyl- 
xylidines  and  naphthylamines  have  also  been  prepared  by 
similar  processes,  that  is,  by  passing  a  mixture  of  alcohol  and 
amine  vapors  over  alumina  at  300°  to  380°  C.^''  The  bu- 
tylaniUnes  have  been  prepared  and  are  now  available  as 
intermediates.  Likewise,  N-methylvinylanilino-'  has  been 
prepared  and  studied.  The  unsaturated  group  is  hydrolyzed 
later  to  acetaldehyde.  A  catalytic  process  for  diethylanihne** 
has  been  described,  which  consists  of  heating  aniline  hydro- 
cliloride,  ethyl  alcohol  and  a  mixture  of  sodium  bromide, 
cupric  chloride,  and  calcium  chloride  for  several  hours  in  an 
autoclave.  Alkyl-m-phenylenediamines^'  are  prepared  by 
heating  primary  or  secondary  alkylamines  or  their  salts  with 
resorcinol.  The  reaction  appears  to  be  accelerated  by  sul- 
furous acid. 

Improved  processes  have  appeared  for  the  preparation  of 
neutral  alkyl  esters  of  sulfuric  acid  to  be  used  as  alkylating 
agents.  Diethyl  sulfate'"  is  made  by  passing  an  excess  of 
ethylene  or  mi.xtures  of  ethylene  and  an  inert  gas  into  mono- 
hydrate  or  into  a  sulfuric  acid  solution  of  ethyl  hydrogen 
sulfate  at  about  75°  C,  and  subsequently  either  extracting 
the  diethyl  sulfate  with  ligroin  or  benzene  or  using  the  reac- 
tion product  directly  for  alkylation.  A  process  has  also 
been  patented  to  make  dialkyl  sulfates  by  treating  acyclic 
alcohols  with  SO3  in  the  presence  of  dehydrating  agents  such 
as  phosphorus  pentoxide,  anhydrous  sodium  sulfate  or  anhy- 
drous copper  sulfate.^' 

Certain  new  amino  compounds  have  been  proposed  as 
intermediates.  m-4-Xylidine-5-sulfonic  acid'^  and  6-nitro- 
7n-4-xylidine"  give,  when  diazotized  and  coupled  with  cer- 
tain phenols,  naphthols,  and  their  derivatives,  azo  dyes  and 
lakes  superior  in  fastness  and  briUiancy  in  hue  to  similar 

«  Buit.  soc.  chim.,  29  (1921),  217;  Brit.  Patent  166,283. 

"  Compl.  rend.,  172  (1921),  280;  Bull  soc.  chim.,  29  (1921),  106. 

=<  Brit.  Patent  165,838. 

"  J.  Chem.  Soc,  119  (1921),  765. 

»  Compl.  rend.,  171  (1920),  1154. 

"  Ber.,  S2  (1919),  2261. 

=»  This  Journal.  12  (1920),  636. 

=•  Brit.  Patent,  168,689. 

"  Brit.  Patent  157,578;    J.  Soc.  Chem.  Ind.,  40  (1921),  195A. 

"  Brit.  Patent  143,260. 

3!  Brit.  Patent  164,053. 
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dyes  made  from  xj'lidine.  Cyclic  nitroamines"  are  obtained 
by  boiling  chloronitrocylic  compounds  with  ammonium 
acetate.  2,4-Dinitroaiiiline  is  obtained  by  saturating  acetic 
acid  of  80  to  90  per  cent  strength  with  dr>'  ammonia  gas  and 
then  adding  slowly  1 ,2,4-chlorodinitrobenzene,  maintaining 
the  temperature  of  the  reaction  between  124°  and  130°  C. 
Ammonia  i.s  passed  into  the  reacting  mixture  during  the  re- 
action to  replenish  the  ammonium  acetate  as  fast  as  it  is 
used  up.  Methyl-^naphthylamine-6-sulfonic  acid"  is  pro- 
duced by  heating  a  mi.xture  of  Schaeffer  salt,  methylamine 
hydrochloride,  and  caustic  soda  solution  in  a  rotating  auto- 
clave at  180°  to  200°  C.  for  six  to  seven  hours.  A  yield  of  72  to 
74  per  cent  of  the  sodium  salt  of  the  acid  is  obtained.  This 
promises  to  be  an  important  initial  product  for  the  prepara- 
tion of  the  N-substituted  derivatives  of  /3-naphthylamine. 
Acyldiaminodiarylsulfones"  appear  to  be  useful  interme- 
diates. They  are  prepared  by  the  acetylation  of  diamino- 
diarybulfones  synthesized  from  the  corresponding  chloro- 
dinitro  compounds  and  alkylsulfinic  acids.  Methyl-/3-naph- 
thybimine  has  been  condensed  with  p-toluenesulfonyl  chloride 
to  give  the  corresponding  toluene-p-sulfonylmethyl-/3-naph- 
thylamine,"  which  serves  as  the  initial  product  for  the  prepa- 
ration of  a  new  group  of  intermediates.  N-Arylthiomor- 
pholines"  are  obtained  by  condensing  primary  cyclic  amines 
having  a  free  ortho  position  to  the  NH2  group  with  P,  j3'-dichlo- 
rodiethylsulfide.  They  are  proposed  as  dye  intermediates. 
When  ^naphthylamine  is  sulfonated  wth  94  per  cent  sul- 
furic acid  a  mi.vture  of  35  per  cent  of  the  8-sulfonic  acid  and 
6.5  per  cent  of  the  5-sulfonic  acid,  together  with  small  quan- 
tities of  the  six  and  seven  isomers,  is  obtained."  The  mix- 
ture of  isomeric  sulfonic  acids  is  converted  into  the  corre- 
sponding sodium  .salts  and  these  are  separated  by  crystallizing 
them  from  sulfuric  acid  solution. 

Anthraquinone  and  Its  Derivatives 

Particular  activity  has  centered  on  anthraquinonc  and  its 
derivatives.  Anthracene  is  now  satisfactorily  oxidized  to 
anthraquinonc    by    catalytic"    and  electrolytic"  methods. 

Synthetic  anthraquinonc  is  a  reality  and  the  future  of  the 
anthraquinone  dyes  is  a.ssured. 

Many  new  derivatives  of  anthraquinone  have  been  prepared, 
^aminoanthraquinone  is  chlorinated  to  3-chloro-2-amino- 
anthraquinonc"  in  an  inert  organic  solvent  and  1-hydrox-j'- 
anthraquinone  dis.soivpd  in  nitrobenzene  is  chlorinated  in 
the  presonce  of  a  small  quantity  of  iodine  and  a  sufficient 
amount  of  solid  sodium  carbonate  to  neutralize  liberated 
hydrochloric  acid  to  l-chloro-4-hj'droxyanthTaquinone." 
It  has  been  shown  that  the  dibromoanthr.iquinone  used  by 
Gnirber  and  I.ibpmiiiiin  in  the  synthesis  of  alizarin  was  not 
the  l,2Klil)romo  product  jus  they  thought,  but  the  2,3-isomer.*' 
^Halogen  derivatives  of  anthraquinone"  result  when  a-halo- 
gen  anthraquinonea  are  heated  with  sulfuric  acid  to  200°  C. 
This  is  an  interesting  case  of  intramolecular  i.somcrization  and 
necessitates  research  to  estabUsh  the  mechanism  by  which 
it  and  .•finiiiar  reactions  come  about.  Alkylaminoanthra- 
quinones"  are  produced  by  the  action  of  alkyl  sulfates  on 
aminoanthraquinone  in  the  presence  of  a  mild  alkali  and  in 
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an  inert  high-boiling  solvent  like  nitrobenzene.  Arylamino- 
anthraquinones*'  are  formed  by  treating  an  aminoanthra- 
quinone containing  one  or  more  NH2  groups  with  metal 
amides  and  in  the  presence  of  primary  cyclic  amines  such  as 
aniline  or  its  homologs. 

Benzophenone 

In  view  of  the  fact  that  benzophenone  has  been  prepared 
from  benzene"  and  that  such  a  process  should  give  a  rela- 
tively cheap  product  it  is  important  to  know  that  very  vivid 
scarlet  dyes,  fast  to  light,  fulling  and  washing  are  produced 
from  4,4'-diaminobenzophenone*5  by  tctrazotizing  and  coup- 
ling the  resulting  tetrazotized  product  with  /3-naphthols  and 
/J-naphtholsulfonic  acids. 

Para-Cyme  NE 

A  determined  effort  is  being  made  to  utilize  p-cymene — 
a  waste  product  from  the  suIfite-ceUulose  industry.  It  is 
nitrated  and  reduced  in  alkaline  medium  to  hydrazocymene,'" 
which  is  then  rearranged  to  the  corresponding  3,3'-dimethyl- 
6,6'-diisopropylbenzidLne.  5-Nitro-2-amino-l-methyl-4-iso- 
propylbenzene,  5-amino-2-acetylamino-l-methyl-4-isopropyl- 
benzone,  and  2,6-diamino-l-methyl-4-isopropylbenzene  have 
been  prepared  from  cymene  and  proposed  for  intermediates 
for  azo  dyes."  Aminocymcne  has  been  proposed  as  an  in- 
termediate for  azo,  sulfur,  and  indigoid  dyes." 

Hydrazines 

Certain  cyclic  hydrazines  have  been  prepared  and  con- 
verted into  the  corresponding  pyrazolones.  The  process 
for  p-nitrophenylhydrazine"  has  been  improved  by  the 
substitution  of  ammonium  sulfite  for  sodium  sulfite  in  the 
reduction.  By  condensing  phenylhydrazine-m-sulfonic  acid'* 
with  dioxytartaric  acid  a  pyrazolone  is  obtained  which  dyes 
wool  and  silk  a  yellower  hue  than  ordinary  tartrazine.  The 
1,4-  and  1,,5-naphthyIhydrazinesulfonic  acids"  give  p3Ta- 
zolones  which  dye  wool  and  silk  red  and  bro^vnish  red  colors. 

Hydronaphthalenes 

Marked  progress  has  been  made  recently  in  the  produc- 
tion and  utilization  of  hydrogenated  naphthalene."  It  is 
found  to  be  an  excellent  solvent  particularly  useful  in  the 
purification  of  naphthalene"  when  a  very  pure  product  is 
required.  Several  derivatives  of  di-  and  tctrahydronaph- 
thalenes  have  been  prepared  and  used  as  intermediates  for 
azo  dyes. 

It  is  not  possible  at  the  present  time  to  say  just  what  ad- 
vantages the  hydrogenated  derivatives  of  naphth.alone  pos- 
sess as  intermediates.  The  difficulties  in  nitrating  the 
hydrogenated  naphthalenes  appear  to  have  been  overcome 
and  both  nitro"  and  amino"  compounds  are  now  made. 
Tetrahydro-ZS-naphthol,'"  difficult  to  obtain  by  hydrogena- 
tion  of  /3-naphthol,  is  now  obtained  by  sulfonating  tetra- 
hydronaphthalene  and  subsequently  fusing  the  sodium  or 
potassium  salt  of  the  resulting  sulfonic  acid. 
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ISATIN  AND  DeUIVATIVES 

By  condensing  aniline  with  cliloraloxinc  in  acid  medium  and 
ultimately  warming  the  condensation  product  with  sulfuric 
acid,  isatin"  results.  In  a  similar  way  4-chlorometlioxyisa- 
tin"  is  produced  from  the  hydrochloride  of  /(-chloroani.sidine. 
The  5-suIfonic  acid  of  isatin,  condensed  with  indoxyl,  gives 
an  indirubine'-  which  dyes  wool  and  silk  a  violet  color. 
6-Mcthyhsatin,  obtained  from  methyltoluidine  and  esters  of 
mesoxalic  acid,  gives  a  substituted  indigotin,"  which  dyes 
wool  and  silk  but  has  only  slij^ht  adinity  for  cotton.  Many 
other  such  derivatives  have  been  iirepared  and  used  to  in- 
troduce desired  groups  in  the  indigotin  molecule,  but  it  does 
not  appear  that  any  of  them  have  practical  application. 

Naphthols 

Activity  in  this  group  has  been  largely  confined  to  the 
improvement  of  existing  processes  for  the  manufacture  of 
staple  intermediates.  It  has  been  shown  that  losses  in  the 
manufacture  of  H  acid*''  are  caused  by  the  formation  of 
naphthalene-l,3,5,7-tetrasulfonic  acid,  to  destructive  oxi- 
dation and  to  the  formation  of  1,6-  and  2,7-disulfonic 
acids  which  only  sulfonate  to  the  1,3,6-trisulfonic  acid  with 
great  difficulty.  Some  improvement  is  seen  in  the  process  for 
the  naphtholsulfonic  acids  and  anilides  of  /3-oxynaphthoic 
acid.  Anilides  of  cychc  acids  are  produced  by  heating  acids 
of  the  cyclic  series  with  anilides  of  acyclic  acids,  the  acyclic 
acid  being  liberated.  The  1,5,7-aminonaphtholsulfonic  acid, 
M  acid,''^  has  been  prepared  and  used  as  an  intermediate  in 
the  manufacture  of  blue  cotton  dyes.  Also,  the  2-amino-5- 
naphthol-1-sulfonic  acid,  A  acid,"  has  been  used  in  certain 
combinations  to  give  azo  dyes. 

NiTEo  Compounds 

Attention  is  again  directed  to  continuous  nitration  of 
benzene  to  mononitrobenzene  by  a  process  which  uses  mer- 
cury compounds  as  catalysts.'^'  It  is  not  clear  from  the 
available  information  what  advantage  the  process  has  over 
other  methods  of  nitration.  Continuous  operation  of  a  proc- 
ess is  not  always  advantageous. 

Much  progress  has  been  made  in  the  preparation  of  certain 
nitro  compounds.  The  factors  governing  the  nitration  of 
phenolsulfonic  acids  to  picric  acid  have  been  carefully  con- 
sidered and  it  has  been  shown  that  the  best  yield  of  picric 
acid  is  obtained  when  the  sulfonation  product  of  phenol  con- 
tains over  80  per  cent  phenoltrisulfonic  acid.'*  The  jaeld 
varies  with  the  proportions  of  mono-  and  disulfonic  acids. 
The  accumulation  of  SO3H  groups  appears  to  stabilize  the 
molecule  or  to  inhibit  oxidation  during  the  nitration.  Low 
yields  are  also  often  due  to  the  presence  of  dinitrophenol- 
sulfonic  acids  from  incomplete  nitration.  Another  process^' 
sulfonates  phenol  to  the  disuKonic  stage  and  then  nitrates  at 
about  30°  to  40°  C,  while  another  process'"  proposes  to  ni- 
trate the  sulfonated  phenol  below  70°  C.  to  the  mononitrate 
product  and  then  complete  the  nitration  above  70°  C.  Tri- 
nitroresorcinoF'  has  been  obtained  in  a  similar  w'ay  by  nitrating 
resorcinoldisulfonic  acid  suspended  in  concentrated  sulfuric 
acid  with  90  to  100  per  cent  nitric  acid.  o-Nitroanisol"  is 
produced    by    boiling    a   mixture    of   o-chloronitrobenzene, 

«■  Compl.  rend.,  172  (1921),  1234. 

'■■'Ibid..  172  (1921),  330. 

"Ibid.,  172  (1921),  220. 

'•  HehelicaChim.  Acta,  4  (1921),  3S1. 

"  Fr.  Patent  516,853. 

"  /.  prakt.  Chem.,  103  (1921),  129. 

"  U.  S.  Patent  1,380.185. 

"  Bull.  soc.  Mm.,  27  (1920),  140,  199,  195,  370. 

»  J.  Am.  Chem.  Soc,  42  (1920),  2665. 

"  U.  S   Patent  1,380,186. 

"  Brit.  Patent  162,578. 

'=  Brit.  Patent  167,582. 


methyl  alcohol,  potassium  carbonate  and  an  aqueous  sus- 
pension of  slaked  lime.  An  interesting  process  for  /3-ni- 
tronaphthalcnc"  consists  in  nitrating  tetrahydronaphthalene, 
freezing  out  the  /3-nitro  i)roduct  from  the  first  fraction  dis- 
tilled, dibroiiiinating  this  and  then  vacuum  distilling  the  re- 
sulting i)roduct  to  obtain  /3-nitronaphthalene.  It  is  ques- 
tionable whether  /3-naphthylamine  can  ever  be  made  commer- 
cially from  ^-nitronaphthalene  made  in  this  way. 

PHE.NANTHRAQUI.VOXE  AND  ReTENE 

The  utilization  of  phcnanthraquinone  and  its  derivatives 
has  received  some  attention  for  several  years  but  not  until 
recently  have  the  results  appeared  encouraging.  Watson" 
and  his  co-workers  have  obtained  dye  intermediates  from 
phcnanthraquinone,  the  oxidation  product  of  phenanthrene, 
by  introducing  substituents  into  the  nucleus  which  serves  to 
develop  the  condition  essential  for  the  manifestation  of 
color  and  which  makes  possible  dyeing  properties.  Phen- 
anthraphenazinc  dyes''  are  obtained  by  condensing  amino- 
phenanthraquinone  with  o-phenylenediamine.  Both  wool 
and  other  dyes  have  been  obtained — the  2,7  substituted 
phenanthraquinones  give  cotton  dyes  and  the  4,5  deriva- 
tives, wool  dyes. 

Retene,  methylisopropylphenanthrene,"  is  now  available 
in  large  quantities  as  a  pure  product  having  been  recently 
isolated  from  the  high-boiling  oils  from  pine  tar.  Diazonium 
compounds  of  retene  have  been  prepared  and  converted  into 
azo  dyes'*  by  coupling  with  naphtholsulfonic  acids.  Further 
work  is  necessary  before  any  prediction  can  be  made  of  the 
future  of  retene  as  a  raw  material  for  dye  intermediates. 

"  Ger.  Patents  299,014,  332,593. 
"  J.  Chem.  Soc,  119  (1921),  1211. 
"  Private  communication. 
'«  U.  S.  Patent  1,395,238. 


Industrial  Films 


A  six-reel  motion  picture  fihn,  "The  Story  of  Steel,"  has  been 
produced  under  the  auspices  of  the  Bureau  of  Mines  and  the 
Department  of  Commerce  in  cooperation  with  the  United  States 
Steel  Corporation.  It  will  be  used  extensively  in  the  United 
States  and  abroad  for  the  purpose  of  acquainting  the  peoples  of 
the  world  with  the  many  interesting  operations  employed  in  the 
American  steel  industr>'.  The  film  depicts  the  various  processes 
from  the  mining  of  the  iron  ore  to  the  finished  steel  product. 
The  manufacture  of  rails,  plates,  shapes,  axles,  rods,  wire  prod- 
ucts, pipe,  tin  plate,  and  other  products  of  steel  is  told  in  a 
graphic  way,  and  before  the  picture  is  brought  to  a  close  the  audi- 
ence is  shown  the  many  welfare  and  social  activities  which  are 
carried  on  by  the  United  States  Steel  Corporation  for  the  benefit 
of  its  employees.  The  film  will  be  loaned  without  cost  to  all 
dependable  persons  desiring  to  use  it  for  educational  purposes. 
Application  for  its  use  should  be  made  to  the  Department  of 
Commerce,  Washington,  D.  C. 

"The  Story  of  Natural  Gas"  has  been  produced  by  the  Bureau 
of  Mines  in  cooperation  with  the  Natural  Gas  Association  of 
America,  and  shows  in  an  interesting  and  informative  way  the 
various  steps  in  the  development  and  utilization  of  natural  gas 
supply,  from  the  drilling  of  a  gas  well  to  the  deliver>'  of  the  gas 
to  the  consumer.  The  same  Bureau  has  released  "The  Story  of 
Oxygen,"  which  was  produced  in  cooperation  with  the  Air 
Reduction  Company.  This  picture  shows,  by  the  aid  of  animated 
cartoons,  how  pure  oxygen  is  produced  from  air  by  liquefaction 
and  expansion.  This  is  followed  by  an  exposition  of  the  manifold 
uses  to  which  oxygen  is  put  in  industry.  Requests  for  the  loan 
of  these  films  should  be  addressed  to  the  United  States  Bureau  of 
Mines,  4800  Forbes  St.,  Pittsburgh,  Pa. 

Under  terms  of  a  cooperative  agreement  with  the  Department 
of  Commerce,  the  Pittsburgh  Station  of  the  Biu-eau  of  Klines  also 
has  available  for  distribution  copies  of  the  following  films: 
"The  Story  of  an  Automobile;"  "The  Story  of  an  Electric 
Meter;"  "The  Story  of  a  Watch;"  and  "The  Storj'  of  Compressed 
Air." 

The  motion-picture  film,  "The  Story  of  Petroleum,"  prepared 
by  the  Bureau  of  Mines  and  the  Sinclair  Consolidated  Oil 
Corporation,  is  to  be  exhibited  in  Jugoslavia  and  Czechoslovakia. 
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Science  in  the  Textile  Industry 

By  E.  D.  Walen 
Manager,  Cotton  Rbsbarch  Co.,  Inc.,  Boston,  Mass. 


IT  IS  ONLY  witliin  the  last  few  years  that  we  have  heard 
verj'  much  ropiirdiiig  the  application  of  research  or 
science  to  that  branch  of  textile  indu.strj'  devoted  to  the 
actual  manufacturing  of  yam  and  fabric.  The  chemi.st  has 
already  made  tremendous  strides  in  the  application  of  Ijasic 
principles  to  the  finishing  and  dyeing  part 
of  the  textile  industry,  and  since  it  is  so 
well  startfd  there  has  been  perhaps  less 
discussion  of  its  advantages. 

The  textile  industry  is  one  of  the  oldest 
and  although  it  is  not  quite  clear  that 
cotton  manufacturing  is  the  oldest  indus- 
try, it  is,  nevertheless,  an  ancient  art  whicii 
has  grown  to  be  of  tremendous  economi- 
cal importance.  An  examination  of  the 
ancient  textiles,  such  as  those  of  Peru  by 
M.  D.  C.  Crawford,  indicates  strongly 
that  there  is  very  little  new  in  the  dc'^ign 
of  cloth  and  the  construction  of  fabrics 
and  yams.  A  comparison  of  the  quality 
of  these  yams  with  the  present-day  yarns 
indicates  that  the  greatest  strides  in  the 
cotton  industry  have  been  along  the  lines 
of  increased  procluftion  and  eas(>  of  man- 
ufacture, and  w(!  sometimes  wonder  if 
the  basic  princi[)lcs  of  manufacturing  have 
not  been  lost  sight  of  to  some  degree. 

The  progress  of  science  in  the  manufacture  of  textiles  has 
l)een  rather  slow,  and  it  is  rather  difficult,  owing  to  the  fact 
that  the  people  engaged  in  the  industry  are  hampered  by  the 
many  generations  of  inertia;  and  in  addition,  the  industry 
depends  so  much  upon  the  existing  machinery  that  it  is  diffi- 
cult to  conceive  of  valuable  results  until  these  machines  have 
been  substituted  by  those  designed  on  new  principles.  Prog- 
ress in  other  industries,  however,  h.is  led  many  manu- 
facturers to  believe  that  there  are  possibilities  in  the  applica- 
tion of  the  laws  of  natural  science  to  the  textile  industry. 

The  governments  of  the  several  textile  countries  have 
maintained  laboratories  and  scientific  men  for  the  investiga- 
tion of  cotton  growing  and  to  some  extent  cotton  manu- 
facturing, and  much  good  has  resultod  from  the.se  studies. 
Perhaps  tiie  biggest  research  project  that  has  gained  any 
headway  has  been  the  British  Cotton  Industry  Rp.<earch 
i\.'<sociation,  which  dedicated  its  laboratories  in  the  early 
part  of  this  year.  This  as.soci.ation,  we  understand,  is  of  a 
co6perative  nature  in  that  all  Rriti.sh  manufacturers  arc 
eligible  to  membership  and  the  results  are  for  their  benefit. 

In  this  country  the  formation  of  a  large  research  body  hjis 
l)een  wimcwhat  along  different  lines.  Apparently,  each 
assoeiation  interrstofl  in  cotton  has  a  research  section  which 
varie.-t  considerably  in  its  conception  of  research  and  in  its 
activities.  The  National  As.sociation  of  Cotton  Manu- 
facturers, which  probably  represents  the  mi\jority  of  cotton 
manufactuiiTs  in  the  country,  has  for  some  time  maintained 
a  research  committiN"  which  has  branched  out  into  a  research 
department.  Tliis  department  is  still  in  its  infancy  and  it 
is  attt-mpting  to  justify  its  growth  by  actu.al  accomplish- 
ments. 


The  largest  single  project  of  individual  research  in  this 
country  was  started  in  1918  by  the  Lockwood,  Greene  & 
Com|)any  and  the  Pacific  Mills  interests.  The  first  organi- 
zation consisted  of  a  committee  which  served  as  a  clearing 
house  of  ideas  for  the  several  mills.  Tliis  committee  de- 
veloped the  fact  that  it  was  necessary  to 
have  a  laboratory  .studj'  the  various  prob- 
lems, and  in  ,)uly  1919  the  Cotton  Research 
Company  was  incorporated.  The  stock 
ownership  of  this  company  was  shared  by 
the  Pacific  Mills  and  Lockwood,  Greene  & 
Company.  It  was  plaimed  to  allow  the 
company  to  operate  for  a  probationary 
jieriod,  in  order  to  give  the  project  a  fair 
chance  to  jirovc  its  value.  This  period 
has  passed  and  the  project  is  believed  to 
be  worth  while  continuing. 

The  company  is  essentially  an  industrial 
laboratory  and  it  was  not  thought  at  first 
that  it  would  be  necessary  to  engage  along 
tlie  lines  of  pure  research,  but  it  has  been 
interesting  to  note  that  as  the  work  has 
])ro2;ressed  the  demand  for  the  solution  of 
problems  along  basic  lines  has  steadily 
increased  and  the  practical  mill  man  has 
been  found  to  be  more  interested  in  know- 
ing the  underlying  cause  than  in  knowing 
the  immediate  effect. 

The  origin.'d  equipment  consisted  of  much  textile  machin- 
ery for  conducting  tests  and  very  little  laboratory  equipment 
for  the  study  of  the  samples  prciJarcd.  Since  that  tirne 
about  50  per  cent  of  the  machinery  has  been  disposed  of  and 
the  laboratory  equipment  enlarged.  The  laboratory  equip- 
ment available  for  the  study  of  manufacturing  is  extremely 
limited,  and  it  has  been  found  necessary  to  design  and  con- 
struct all  of  it. 

The  organization  of  the  company  has  been  built  up  around 
four  groups: 

1 — The  directors,  who  represent  the  financial  interests  and 
determine  the  policies  along  broad  lines. 

2 — An  advisory  council,  composed  of  mill  agents  and  super- 
intendents of  the  various  mills  interested,  who  convene  at  inter- 
vals to  discuss  the  policies  and  to  determine  the  scope  of  the 
immediate  problems. 

3 — .'\  group  trained  along  the  scientific  lines  of  physics,  chem- 
istry, and  microscopy. 

4 — A  group  of  practical  men  trained  in  the  laboratory  to  con- 
duct tests  who  are  familiar  with  the  application  of  laboratory 
developments  as  applied  to  the  study  of  manufacture. 

The  activities  have  been  built  up  around  the  study  and 
maintenance  of  quality  and  the  economy  of  manufacture, 
and  all  the  developments  are  neces-sarily  focused  on  the  mills 
as  soon  as  they  become  of  value.  The  adaptation  to  the  mill 
is  carried  on  by  the  group  of  practical  men  and  the  advisory 
council. 

It  has  been  neccssarj'  in  a  program  of  this  sort  to  develop 
methods  for  accurately  and  quickly  measuring  the  physical 
properties  of  the  raw  materials.     The  immediate  application 
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of  such  iiu'.'isurcincnts  is  intorostiiig  from  the  viewpoint  of 
the  selection  of  proper  types  of  cotton,  tlie  probable  viiliie 
of  new  crop  cotton  for  yarn  made  at  a  particular  plant,  study 
of  the  efficiency  of  a  manufacturiiiK  operation  from  the  view- 
point of  the  raw  product,  tracinij;  the  cause  of  poor  yarn, 
and  the  application  of  correct  measurements  based  upon 
accurate  knowledge  of  cause. 

Contrasted  to  this  study  and  apiilication  there  is  another 
important  study  ba.scd  on  the  assumption  that  an  industry 
as  old  as  the  cotton  industry  must  have  in  each  mill  a  number 
of  good  features.  This  involves  the  careful  noting  of 
all  details  of  the  factors  of  production  and  quality,  a  proper 
analysis,  and  adaptation  of  the  good  points  to  the  mills  con- 
cerned. 


The  i)hotomicrograpluc  analysis  of  materials  has  been  of 
the  greatest  help  in  recording  arrangement  of  fibers,  uni- 
formity, effects  of  settings,  degree  of  dye  and  size  penetra- 
tion, balance  of  structure,  and  many  other  things  which  are 
important  but  not  discernible  to  the  naked  eye. 

Our  activities  along  the  chemical  lines  have  been  rather 
limited  and  have  been  confined  largely  to  the  study  of  warp 
sizing.  This  problem  has  been  considered  a.s  a  problem  in 
physics,  using  chemistry  as  a  means  of  designating  the  mate- 
rials. 

We  believe  that  much  progress  has  been  made  and  that  the 
results  warrant  the  existence  of  a  research  organization,  but 
the  surface  has  hardly  been  scratched  and  developments  in 
the  future  years  are  bound  to  be  nothing  short  of  phenomenal. 


Heat  Treatment  Progress  during  1921 

By  A.  E.  White 

Director,  Department  of  Engineering  Research,  University  op  Michigan,  Ann  Arbor,  Mica. 


THE  PROGRESS  of  ferrous  metallurgy,  especially 
that  closely  allied  ■with  the  heat  treatment  of  steel, 
has  showTi  no  outstanding  milestones  this  past  year, 
progress  having  been  one  of  refinement  and  lacking  in  spec- 
tacular accompUshments  in  matters  of  materials,  equipment, 
and  in  the  character  of  the  personnel  employed. 

With  regard  to  materials,  there  has  been  a  growing  interest 
in  the  developments  of  heat-resisting  and  nonoxidizing 
alloys.  There  is  daily  a  greater  appreciation  that  we  must 
have  aOoys  which  wiU  withstand  oxidation  and  deformation 
at  temperatures  higher  than  the  normal  atmospheric  tem- 
peratures; also  that  we  must  encourage  the  use  of  alloys 
that  at  high  temiwratures  retain  to  the  greatest  degree  a 
proper  combination  of  strength  and  ductihty.  The  use  of 
carburizing  boxes  that  will  withstand  warpage  and  oxidation 
under  the  conditions  of  service  to  which  such  boxes  are  sub- 
jected has  received  considerable  attention.  One  of  the 
recent  alloys  brought  out  for  this  general  purpose  is  known 
as  Calite,  composed  essentially  of  nickel,  aluminium,  and 
iron. 

The  structural  material  that  has  received  the  greatest  con- 
sideration this  past  year,  though  not  of  this  year's  develop- 
ment, is  molybdenum  steel.  It  is  an  alloy  steel  comparable 
to  our  nickel  steels,  chrome-nickel  steels,  and  chrome-vana- 
dium steels.  Practice  seems  to  indicate  that  the  chrome- 
molybdenum  type  is  an  acceptable  forging  steel,  and  that  the 
nickel-molybdenum  tj^je  is  a  satisfactory  case-hardening 
steel. 

In  the  matter  of  equipment  used  for  the  heat  treatment  of 
steel,  there  have  been  no  outstanding  developments,  though 
many  plants  throughout  the  countrj^  have  made  changes  in 
furnaces  and  furnace  appliances  which  go  a  long  way  toward 
placing  the  heat  treatment  of  steel  on  a  scientific  basis. 
PjTometric  control  is  now  available  so  that  temperature  in 
the  furnace  is  no  longer  subject  to  the  variations  of  manual 
control.  This  pyrometric  control,  at  one  tune  only  possible 
in  electrically  heated  furnaces,  is  now  possible  in  both  gas- 
fired  and  oil-fired  furnaces.  There  also  is  a  growing  tendency 
toward  the  use  of  conveyor  type  furnaces,  and  this  in  turn 
tends  to  eliminate  the  human  factor.  Combined  with  all 
these  facts  is  an  increased  use  of  fixtures  for  quencliing, 
better  designs  of  furnaces  to  secure  more  uniform  tempera- 


ture in  the  same  furnace,  and  better  refractories,  resulting 
thereby  in  a  decided  reduction  in  maintenance  costs. 

Combined  with  all  of  these  factors  the  personnel  in  the  heat 
treatment  departments  of  th^  various  plants  throughout  the 
country  has  improved.  This  has  been  due  in  some  measure 
to  the  depression,  since  only  the  better  men  were  retained  and 
they  realized  that  in  order  to  hold  their  positions  they  must 
operate  as  intelligently  as  possible.  In  the  heat  treatment 
rooms  there  are  many  college-trained  men,  and  large  num- 
bers of  the  others  have  had  at  least  a  high  school  education. 
These  men  are  keen  to  absorb  new  ideas  and  new  methods,  and 
they  appreciate  also  that  to  procure  them  they  must  ex- 
change ideas.  This  broadmindedness  on  the  part  of  those 
engaged  in  the  steel  heat  treating  field  has  no  doubt  been  one 
of  the  reasons  why  it  has  developed  so  rapidly.  There  are 
but  few  shops  in  the  country  that  prevent  their  men  from 
freely  exchanging  ideas  with  their  fellows. 

An  appreciation  on  the  part  of  our  technical  societies  that 
their  function  is  in  large  measure  the  bringing  together  of 
the  technically  trained  men  and  the  operatives  whose  ad- 
vantages in  their  given  field  have  not  been  as  great,  has  been 
of  no  Uttle  moment  in  the  advance  of  the  art  of  heat  treat- 
ment. 

t  Numerous  investigations  in  this  general  field  are  under  way. 
On  some,  preliminary  reports  have  already  been  made, 
whereas  on  others  the  work  has  not  progressed  to  a  degree 
warranting  pubUcation.  Some  of  the  most  outstanding 
investigations  are:  The  work  of  Professor  ^Nloore  and  his 
colleagues  on  "The  Fatigue  of  Metals,"  the  work  in  progress 
on  "Drill  Steel"  under  the  combined  auspices  of  the  United 
States  Bureau  of  Mines,  the  American  Institute  of  Mining 
and  Metallurgical  Engineers  and  others;  and  the  work  of 
the  U.  S.  Bureau  of  Standards  on: 

1 — Gage  steels. 

2 — High  temperature  tests  of  commercial  steels. 

3 — Proper  mixtures  for  use  in  selective  carburization. 

4 — A  suitable  method  for  the  measurement  of  hardness  in 
hardened  steels. 

5 — The  use  of  magnetic  testing  for  the  determination  of 
uniformity  in  steel. 
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Heat  Transmission  and  Evaporation 

By  W.  L.  Badger 
Chbmxcai.  Encinsbrino  Dbpaktusnt,  UNXVSRsrry  op  Michigan.  Ann  Arbor,  Mich. 


THERE  is  scarcely  a  process  with  which  the  chemical 
engineer  i.s  concerned  that  does  not  involve  the  trans- 
fer of  heat  in  some  form.  In  a  great  variety  of  circum- 
stances he  must  pass  heat  through  a  separating  wall  with  some- 
times liquids,  sometimes  vapors,  and  sometimes  permanent 
gases  on  either  side.  But  if  he  wishes  to 
design  such  apparatus  intelligently  and 
accurately  he  finds  the  literature  practi- 
cally devoid  of  information  that  might 
help  liim. 

This  has  come  about  for  several  reasons. 
Tlic  fundamental  principles  of  heat  trans- 
fer (such  as  the  fact  that  it  is  proportional 
to  temperature  drop)  have  long  been 
familiar;  but  though  more  than  a  genera- 
tion ago  the  variables  which  affect  heat 
transfer  were  thoroughly  discussed,  only  a 
couple  years  ago  an  engineer  stated  in 
the  proceedings  of  an  important  society 
that  since  copper  had  seven  times  the 
thermal  conducti\ity  of  iron,  an  evapora- 
tor with  copper  tubes  should  do  seven 
times  the  work  of  one  with  iron  tubes. 
Actually,  while  a  plate  of  copper  0.1  in. 
thick  and  1  ft.  sq.,  with  a  difference  of  1° 
F.  between  the  two  sides,  will  transmit 
about  25,000  n.  t.  u.  per  hr.,  a  layer  of 
water   0.01    in.    thick   on  each   side  will  w.  l. 

reduce  this  to  about  200  B.  t.  u.  The  re- 
sistance of  the  copper  will  then  be  only  about  1/150  of 
the  total,  and  the  substitution  of  iron  for  copper  w'ould  have 
practically  no  effect.  This  film  concept  as  applied  to  heat 
transfer  has  been  more  or  less  recognized  for  about  30  jts., 
and  other  factors,  such  a-s  the  effect  of  viscosity,  circulation, 
elevation  of  lx)iling  point,  hydrostatic  head,  etc.,  were  rec- 
ognized even  further  back;  but  the  number  of  engineers 
who  fully  appreciate  the  significance  of  these  factors  is  dis- 
ap()ointingly  small. 

A  scries  of  heaters  were  designed  by  a  man  well  known  in 
his  field  of  engineering  and  installed  in  a  plant  operated  by 
graduate  mechanical  engineers.  The  heaters  were  not  doing 
what  they  should  and  the  wTiter  was  called  on  to  revise  the 
equipment.  It  w.ts  found  that  each  heater  had  three  hun- 
dretl  and  .^ixty  2'/rin.  tubes,  all  in  one  pass.  The  amount 
of  material  U-ing  circulated  was  such  that  its  average  velocity 
was  nbout  O.I  ft.  per  sec.  Inquirj'  developed  that  neither 
the  designer  nor  the  operating  engineers  had  ever  thought 
of  figuring  liquid  velocity. 

While  we  may  expect  to  see  in  the  near  future  a  certain 
amount  of  infonnation  in  fairly  satisfactorj'  .shape  on  heat 
transfer  when  heating  liquids  or  gases,  we  will  have  to  wait 
a  lung  time  for  information  on  evaporation.  When  a  liquid 
is  arluaily  boiling,  cr)nditi.ins  are  so  complex  that  as  yet  they 
have  defied  mathematical  analysis.  The  evaporator,  whether 
single  or  multiple  effect,  is  one  of  the  chemical  engineer's 
most  impo-i.mt  tools,  yet  we  really  know  very  little  al)out  it. 
Hausbnind  .i  dx^sjc-  .iM.ilysi...  leaves  us  just  short  of  being 
able  to  really  de>igii  nu  evaporator,  and  constants  are 
almost  wholly  lacking.  Even  the  standard  types  still  need 
much  study. 

If  one  attempts  to  list  the  particular  points  in  which  prog- 


ress is  being  made  in  this  field,  he  must  first  admit  that  so 
far  as  general  engineering  practice  is  concerned,  the  last 
few  years  have  seen  little  change.  Rising  coal  prices  have 
thrown  the  weight  of  opinion  toward  triple  or  quadruple 
effect  evaporators,  where  before  the  war  the  double  effect 
was  most  common.  Mechanical  engineers 
have  made  progress  in  the  design  of  sur- 
face condensers  and  their  auxiliaries.  A 
few  new  ideas  have  been  advanced,  no- 
tably that  of  recompression  of  vapors,  but 
this  is  not  yet  commercially  feasible  in  this 
country.  At  the  University  of  Michigan 
we  are  trying  to  make  some  headway  on  a 
study  of  evaporator  theorj'.  The  Massa- 
chusetts Institute  of  Technologj'  has  pub- 
lished some  beginnings  of  a  study  of  real 
film  coefficients.  Some  of  the  larger  cor- 
porations arc  making  tests  and  developing 
new  ideas,  but  this  work  is  rarely  made 
available  by  publication.  Perhaps  the 
most  promising  feature  is  the  increasing 
number  of  engineers  who  are  really  think- 
ing accurately  about  heat  transmission 
in-oblems,  and  who  are  coming  to  realize 
the  need  for  work  in  this  field. 

Our  work  at  the  University  of  Michigan 
is   only   begiiming   and  is  as  yet  largely 
iDOKK  empirical.    The  wTiter  has  literally  dozens 

of  problems  in  connection  with  standard 
evaporator  design  which  have  not  yet  been  touched;  and  if 
one  also  considers  the  po.ssibility  in  the  w-ay  of  new  types, 
the  field  is  correspondingly  broadened.  For  instance,  the 
average  evaporator  operates  with  a  heat  transfer  coefficient 
of  somewiiere  from  100  to  400  B.  t.  u.  per  sq.  ft.  per  hr.  per  °  F. 
Feedwater  heaters  may,  under  special  conditions,  reach  1000 
to  1100  B.  t.  u.  The  WTiter  has  seen  a  special  evaporator 
in  operation  for  which  1500  to  2000  B.  t.  u.  are  claimed. 
This  was  accomplished  by  accepting  the  fihn  concept  and 
attempting  to  scrape  off  the  film. 

The  problems  now  facing  us  are  varied.  How  can  we  pre- 
dict accurately  the  temperature  distribution  in  a  multiple 
effect  evaporator?  What  are  the  exact  effects  of  such  fac- 
tors as  \iscosity,  circulation,  hydrostatic  head,  etc.,  on  the 
film  cocfl[icient  between  boiUng  liquids  and  metal  surfaces? 
\Miat  is  the  effect  of  superheat  in  steam  on  heat  transmission? 
A\'hy  do  salt  crj'stals  grow  on  the  heating  surfaces  instead 
of  in  tiie  solution?  If  w-e  turn  to  artificial  circulation, 
where  shall  we  find  incrciised  heat  transmission  offset  by  cost 
of  stirring?  What  is  the  field  for  re-use  of  vapors  by  recom- 
pression? Where  are  we  to  get  the  physicochemical  data 
(such  as  elevation  of  l)oiling  point,  solubility,  specific  grav- 
ity, specific  heat,  latent  heat  of  evaporation,  etc.)  for  the 
strong  solutions  wiiicli  we  use  in  iiractice  and  wiiich  the 
physical  chemist  has  not  considered  because  they  fail  to 
follow  his  laws  for  dilute  solutions?  Several  of  these  prob- 
lems we  have  already  attacked,  and  on  one  or  two  we  have 
made  considerable  progress.  There  is  plenty  of  room, 
however,  for  more  workers. 

Besides  the  vast  amount  of  experimental  work  yet  to  be 
done,  there  is  much  ahead  of  us  in  educating  engineers  to 
think  in  terms  of  the  heat  balances  of  a  plant  as  a  whole. 
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Few  engineers  outside  of  the  sugar  industry  ai)prccintc  what 
can  be  don(!  by  a  proper  interlocking  of  power  units,  evap- 
orating units,  and  heating  units.  Such  economies  arc  pos- 
sible, when  tiiis  group  of  operations  is  considered  as  a  whole 
as  no  power  specialist  and  few  heating  or  evaporating  spe- 
cialists realize.  For  instance,  in  beet-sugar  manufacture,  12  to 
15  per  cent  coal  is  burned  (calculated  on  the  weight  of  the 
beets)  in  the  best  practice  in  this  country.  It  is  said  that  9 
per  cent  is  reached  in  Germany,  but  German  mills  do  not 
produce  a  finished  sugar.  There  is  a  mill  in  this  country 
which  was  well  built  by  a  good  sugar  engineer.  It  has  been 
operated  for  some  years  by  wholly  untrained  superintendents. 
Owing  mainly  to  a  lack  of  knowledge  of  how  to  coordinate 


the  power,  heating,  and  evaporating  units,  the  fuel  consump- 
tion has  risen  year  by  year  (as  the  original  design  in  the  mill 
has  been  altered)  until  last  season  it  used  25  to  30  per  cent 
coal  on  the  weight  of  the  beets. 

There  are  many  other  similar  fields  in  chemical  engineering 
which  need  extensive  work.  Practically  all  of  the  unit 
operations  are  in  the  same  state  a.s  heat  transfer.  Distil- 
lation and  drying  are  receiving  considerable  attention  at 
present.  Mixing  and  stirring  have  not  been  touched; 
filtration  has  been  worked  on  only  enough  to  outline  the  prob- 
lems; in  fact,  chemical  engineering,  as  such,  is  still  in  almost 
every  phase  a  new  and  undeveloped  field. 


The  Vegetable  Oil  Industry 

By  David  Wesson 
Tbchnical  Director.  Ths  Sodthbrn  Cotton  Oil  Co.,  New  York,  N.  V 


THE  PAST  two  years  have  brought  to  light  few,  if  any, 
great  changes  in  products  or  manufacturing  methods, 
though  a  great  deal  has  been  done  toward  improving 
existing  methods  with  a  view  of  securing  greater  economy  of 
operation  and  improvement  of  product. 

In  the  matter  of  solvent  extraction  there  has  been  consider- 
able progress  in  Europe.  In  England  there  is  a  large  plant 
operating  on  palm  kernels  and  copra,  producing  upward  of 
80  to  100  tons  of  edible  oil  per  week.  In  this  country  one  or 
two  large  plants,  which  were  highly  successful  during  the 
war,  have  closed  down  on  account  of  peace  conditions. 

The  manufacture  of  by-product  coke  has  made  available 
large  quantities  of  benzine  at  a  reasonable  price.  This  is  an 
ideal  solvent  for  peanuts,  copra,  palm  kernels,  and  other 
seeds  that  are  free  from  coloring  matter.  The  petroleum 
people  are  giving  attention  to  the  production  of  a  fraction  with 
low  boiling  point  distilling  within  close  limits,  also  suitable  for 
this  purpose. 

The  Ut«rature  discloses  twenty  or  more  patents  mostly  re- 
lating to  apparatus.  A  novelty  is  the  proposal  by  McKee  to 
use  sulfur  dioxide  as  the  extraction  medium." 

In  refining  the  oil  various  innovations  have  been  presented 
for  removing  the  free  fatty  acids  in  such  a  manner  as  not  to 
saponify  neutral  oil  or  carry  out  the  same  with  the  soap  formed 
in  the  usual  method  of  saponification. 

E.  R.  Balton  and  E.  J.  Lush-  convert  free  fatty  acids  into 
glycerides  by  heating  to  200°  to  250°  C,  and  treating  with 
glycerol  vapor.  They  claim  that  the  resultant  neutral  fat 
can  be  refined. 

H.  Schlinck  and  Company'  neutralize  the  fatty  acids  by 
boUing  the  fat  containing  same  with  glycol  under  a  reflux  con- 
denser using  11  per  cent  glycol  by  weight  of  the  fatty  acids 
present,  and  removing  the  water  formed  by  operating  in 
vacuum  or  passing  an  inert  gas.  They  also  add  a  suitable 
catalyst  and  pass  hydrogen  to  hydrogenate  at  the  same  time. 

C.  and  G.  Muller  Speissefett  fbr.  A.  G.*  dissolve  the  fat  in 
a  solvent  miscible  in  water,  such  as  acetone,  then  add  suffi- 
cient water  to  precipitate  the  neutral,  lea\'ing  the  fatty  acids 
in  solution.  The  solution  of  fatty  acids  is  drawn  o5  and  more 
water  added  to  precipitate  them. 

L.  Schmidt'  dissolves  the  oil  in  a  suitable  solvent,  then 

'  U.  S.  Patent  1,376,211. 

»  Brit.  Patents  159,587,  163,352  (1919). 

«  G«r.  Patents  334,659,  315,222  (1916). 

«Ger.  Patent  339,027  (1918). 

•U.  S.  Patent  1,395,998  (1921). 


agitates  with  alkali  and  removes  the  resultant  soap  by  fil- 
tration. The  process  is  said  to  be  operated  in  Switzerland, 
Italy,  and  Germany. 

The  bleaching  of  oils  for  edible  purposes  continues  to  be 
done  mostly  with  fuller's  earth,  vrith  or  without  the  addition 
of  bleaching  carbons 
in  some  of  the  various 
forms.  A  large  variety 
of  fuller's  earths  are 
now  on  the  market. 
Most  of  them  are 
natural  products  pre- 
pared by  drying  and 
grinding,  while  others 
are  made  by  action  of 
sulfuric  acid  on  suit^ 
able  clays.  Some  of 
these  artificial  earths 
have  marked  bleach- 
ing properties. 

The  past  two  years 
have  witnessed  a  large 
number  of  new  bleach- 
ing carbons  mostly  of 
vegetable  origin,  made 
by  the  treatment  of 
waste  materials.  Some 
of  them  pound  for 
pound  are  far  more  active  than  boneblack,  but  their  increased 
activity  is  largely  offset  by  advanced  price. 

This  operation  of  hydrogenation  seems  to  be  pretty  well 
standardized,  though  numerous  patents  have  been  taken  out 
on  apparatus  and  catalysts.  Electrolytic  hydrogen  seems  to 
have  been  pretty  generally  adopted.  The  low  prices  of  hard 
animal  fats  have  largely  curtailed  the  output  of  hydro- 
genated  oils. 

Vitamins  have  been  very  much  in  the  limelight  the  past 
two  years.  Many  new  facts  have  been  discovered  and  many 
of  the  previous  exaggerated  ideas  exploded. 

Dr.  H.  G.  Sherman  in  his  recent  work,  "The  Vitamins,"  pub- 
lished by  the  Chemical  Catalog  Co.,  gives  a  fair  summing  up 
and  classification  of  most  of  our  knowledge  to  date  on  this 
matter,  so  voluminous  in  the  literature  and  so  meager  in 
exact  chemical  facts. 

Dr.  Casimir  Funk  in  an  address  before  the  Institute  of  Mar- 
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garin  Manufacturprs,  published  in  The  American  Food  Journal 
for  June  1922,  points  out  the  deficiencies  of  the  fat-soluble 
vitamin  in  butter  fat  in  the  case  of  rickets  and  shows  that 
cod-livrr  oil  contains  fat-soluble  \-itamins  in  much  higher  con- 
centration than  they  occur  in  butter  fat.  He  also  indicates 
recent  researches  in  analj-tical  methods  which  extend  the 
hope  that  we  may  soon  be  able  to  identify  the  different  bodies. 
The  Department  of  .\Kriculture  has  started  a  comprehensive 
research  on  cottonseed  and  the  products  therefrom,  in 
coSpcration  with  the  Interstate  Cottonseed  Crushers'  Asso- 
ciation. Drs.  Jamieson  and  Baughman  of  the  Bureau  of 
Chemistrj-  have  iUready  published  a  method  for  the  analysis 
of  crude  vegetable  oils,  giving  the  amount  of  absolute  oil 
obtainable  from  any  sample  of  crude  by  alkali  refining. 
The  published  results  show  that  in  refining  crude  oils  by  alkali, 
only  95 to  96  percent  of  the  available  refined  oil  is  obtainable 
in  factory  operations  with  existing  methods.  Work  is  now 
being  done  to  separate  and  identify  the  various  impurities 
present  in  the  crude  oil  and  to  determine  their  effect  on  losses 
and  ciuality  of  the  refined  oil.  The  same  witers  have  also 
published  analyses  of  cottonseed  and  peanut  oils  prepared 
from  authenticated  seeds  from  many  localities  and  pressed 
under  known  conditions  in  the  laboratory.  These  results 
give  us  the  variations  in  the  chemical  constants  of  these  oils 
and  are  far  more  reliable  than  those  commonly  published  in 
the  Llerature.  For  a  full  statement  of  the  work  done  by  the 
Bureau  of  Chemistry,  the  reader  is  referred  to  a  very  able 
article  by  Dr.  W.  W.  Skinner  in  the  Chemical  Age  for  June  1922. 
Considerable  work  has  been  done  toward  more  accurately  de- 
scribing the  colors  of  vegetable  oils.  A  progress  report  of 
the  Committee  on  Color  of  Oil  and  Seed  was  presented  before 
the  June  meeting  of  the  American  Oil  Chemists'  Society.  The 
report  showed  a  liighly  improved  colorimeter  recently  brought 
out  by  the  Eastman  Kodak  Co.,  which  makes  it  easily  possible 
to  report  on  the  color  of  oils  in  the  terms  of  yellow,  red,  and 
neutral  tint  or  darkness.  It  is  also  possible  to  obtain  color 
matches  imjwssible  with  previous  methods. 

The  same  report  gave  a  description  of  the  color  analyzer 
just  perfected  by  Keuffel  &  Esser,  whereby  it  is  possible  to 
obtain  a  spcctrophotometric  curve  of  any  sample  of  oil,  and 
from  the  cur\'e  to  determine  whether  it  has  been  put  through 
various  n-fining  processes.  It  also  shows  the  difference  in 
color  between  different  oils.  The  instrument,  needless  to  say, 
adds  greatly  to  the  facilities  for  research. 

Tlie  constant  requirements  in  manufacture  call  for  more  ex- 
act chemical  information  and  methods,  and  call  for  travel  on 
a  little  explored  field.  In  the  analyses  of  the  oils  themselves, 
we  can  separate  the  various  fatty  acids  of  the  mixed  glycerides; 
but  what  do  we  know  of  the  mixed  glycerides  themselves,  and 
their  structure?  It  is  highly  desirable  that  methods  should 
be  devised  for  separating  the  different  glycerides,  both  for 
analytical  information  and  the  proper  control  of  manufac- 
tured products.  Tliis  is  particularly  tnie  in  the  industries 
dciK-ndcnt  on  hydrogenation.  We  may  know  the  proportion 
of  diffcn-nt  fatty  acids  present,  but  have  little  more  infor- 
mation regarding  the  structure  of  the  fat  and  its  resultant 
properties,  than  we  could  obtain  regarding  the  design  of  a 
building  by  studying  the  bricks  and  stones  constituting  its 
ruins. 

In  the  operating  of  bleaching  oil  by  fuller's  earth,  we  know 
little  regarding  the  properties  of  the  color  removed,  or  just 
what  acti'.n  the  earth  has  on  the  oil.  We  do  know  that  the 
earth  api-irenlly  oxidizes  and  polymerizes  a  portion  of  the 
oil  and  removes  the  same  in  addition  to  the  color,  but  why  and 
how  we  know  not. 

In  deodorizing  the  oil  by  steam,  certain  malodorous  prin- 
ciples are  distilled  off.  It  is  not  improbable  that  these  might 
be  developed  into  desirable  perfumes. 


In  the  ex-traction  of  crude  oil  by  pressure,  about  15  per  cent 
of  the  total  remains  behind  in  the  press  cake.  We  know  that 
it  can  be  removed  by  solvent  extraction.  It  is  simply  a  ques- 
tion of  mechanical  and  chemical  research  to  substitute  sol- 
vent extraction  processes  for  the  clumsy  hydraulic  presses. 
Solvent  extraction  produces  choice  oils  in  the  laboratory,  and 
with  suitable  apparatus  can  do  the  same  in  the  factory. 

The  factors  involved  in  the  rancidity  of  fats  and  best  means 
for  preservation  are  important  subjects  for  research  of  great 
practical  value. 

Each  of  the  separate  problems  mentioned  above  resolves 
itself  into  many  minor  ones,  so  it  may  safely  be  said  that  the 
field  of  research  in  the  edible  fat  industry  is  still  a  large  one 
and  well  worthy  of  cultivation. 


Solvent  Extraction  of  Vegetable  Oils 

By  C.  F.  Eddy 

Research   Associate,  Rbsbarcb   Laboratory  of   Applibd  Chsmisthy, 
Massachusetts  Institutb  op  Technology,  Cambridge,  Mass. 

THE  STRESS  of  war  conditions  gave  the  solvent  ex- 
traction industry  a  big  impetus,  especially  in  Europe.''* 
The  success  obtained  has  helped  to  break  down  preju- 
dice and  has  stimulated  investigation  and  discussion. 

The  higher  jaelds  obtain- 
able   by    solvent  extraction 

are  clearly  shown  in  a  table 

given  by  Shrader,''  and  Pick- 

ard's   report'    that    in   five 

normal  years  before  the  war 

a   solvent   extraction    plant 

for  flaxseed  gave  a  net  return 

of    SI. 50   per  ton    of    raw 

material    more    than   for    a 

similar  ]iressLng  plant,  shows 

that   the    advantage  is  not 

merely  theoretical. 
Thiele^  has  recently  pointed 

out  another  advantage  of  this 

higher    extraction    of   oil. 

When  the  oil  has  developed 

an    api)rcciable  amount    of 

free  fatty  acids,  a  very  low 

oil  meal  will  be    free  from  c.  f.  eddy 

objectionable  rancidity.    In 

this  connection,  some  have  claimed  that  the  steaming  neces- 
sarj'  to  free  the  meal  from  solvent  also  increases  its  value 
for  feed  purposes. 

Another  advantage  of  the  solvent  extraction  method  that 
is  being  developed  is  in  connection  with  the  removal  of 
free  fatty  acids  from  the  extracted  oil.  In  refining  by  the 
same  method  samples  of  pressed  and  solvent-extracted 
cottonseed  oil,  Shrader  reports'  refining  losses  for  the  ex- 
tracted oil  much  less  than  for  the  pressed  oil.  In  a  previous 
article*  he  refers  to  having  tried  Dr.  Wesson's  suggestion 
of  refining  the  oil  in  solution  instead  of  refining  after  the 
solvent  had  been  removed.  The  only  observation  made 
was  a  comparison  of  the  color  of  the  oils  refined  by  the  two 
methods.  If  he  was  aware  of  tlio  much  greater  simplicity 
of  apparatus  and  method  possible  with  refining  in  solution 
he  did  not  mention  it,  and  others  have  secured  patents  oa 
the  method.'-' 

The  developments  of  processes  and  new  tj'pes  of  appara- 
tus" '"  have  been  very  numerous,  but  some  of  them,  espe- 
cially some  unpublished  ones,  have  been  great  improvements. 

*  Numbers  in  text  refer  to  Bibliography  at  end  of  article. 
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\\'ith  the  proper  apparatus,  fire  hazards,*  dangers  of  poison- 
ing to  n'orkmon,"''"  and  solvent  losses  arc  being  greatly 
reduced,  if  not  eliminated. 

Unfortunately  the  apparatus  or  process  that  is  the  best 
for  one  oil  is  not  necessarily  the  best  for  another,  and  poor 
judgment  in  selecting  apparatus  or  process  has  resulted  in 
many  failures.  Then,  even  if  research  has  shown  the  proper 
apparatus  and  method  to  be  used  and  a  prime  product  is 
produced,  tliere  is  no  question  but  that  many  a  hesitant 
buyer  will  swear  that  he  tastes  .solvent  in  the  product. 
Sievcrs  rei)orts"  troubles  with  samples  of  benzol-extracted 
corn  oil  that  recall  similar  exjicrient'cs.  The  author  and 
others  with  whom  he  has  compared  notes  have  slipped  in 
samples  of  pressed  oil  with  solvent-extracted  samples  and 
had  men  swear  they  tasted  solvent  in  all  of  them.  Mas.i- 
hiro  Aida'-  has  given  a  test  for  niinute  quantities  of  petroleum 
spirit  in  vegetable  oils  and  there  should  be  a  test  for  small 
quantities  of  the  more  commonly  used  benzol  to  settle  the 
arginnent  when  there  is  any  doubt. 

It  sometimes  happens  that  the  steam  distillation  necessary 
to  remove  the  last  traces  of  solvent  will  also  remove  some  of 
the  characteristic  odor  or  flavor  of  the  oil,  leaving  a  more 
neutral  or  flat  ta«te.  Once  again  the  buyer  may  hesitate 
because  it  is  not  what  he  is  accustomed  to. 

Further  research  along  certain  lines  is  absolutely  essential 
if  solvent  ex-traction  is  to  fulfil  the  expectations  of  its  advo- 
cates. Such  moot  questions  as  the  proper  solvent  to  use  for 
certain  oils,  the  effect  on  the  color  and  taste  of  the  oil  if 
hulls  or  shells  are  present  during  extraction,  the  effect  of  the 
metal  of  the  extractor  on  the  finished  product,  etc.,  must  be 
answered  sooner  or  later  if  the  industry  is  to  progress. 

With  the  improvements  constantly  being  made  in  processes 
and  in  apparatus,  and  with  the  light  that  is  being  thrown  on 
the  subject  by  careful  study  and  discussion,  added  weight  is 
given  to  Pickard's  conclusion'  "that  the  future  of  the  vegetable 
oil  industry  lies  in  the  adoption  of  the  e\-traction  process." 
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The  Trend  of  Prices 

In  the  June  number  of  the  Chemical  Bulletin  S.  L.  Redman 
makes  a  comparison  of  191.3-1922  foreign  and  domestic  prices 
of  typical  chemical  apparatus.  He  summarizes  the  situation  as 
follows: 

To  sum  up  briefly,  there  has  been  a  continued  downward 
trend  in  the  price  of  laboratory  supplies  during  the  past  eighteen 
months,  except  in  those  staple  lines  of  glassware  and  porcelain 
whose  prices  remained  stationary  during  the  war  and  post-war 
period  of  rising  costs.  Prices  will  probably  continue  to  recede 
gradually  throughout  a  period  of  years  until  the  pre-war  level 
is  reached.  Special  instruments,  whose  cost  of  development 
was  very  high,  were  introduced  at  rather  high  prices  and,  as  the 
process  of  manufacture  has  been  perfected,  generous  price  re- 
ductions have  been  made.  No  immediate  relief  is  to  be  expected 
from  the  importation  of  German  goods,  since  the  difficulties 
experienced  by  German  manufacturers  with  raw  materials 
purchased  with  a  depreciated  currency,  with  restricted  fuel 
supplies  and  labor  troubles  combine  to  make  prices  higher  than 
those  of  the  corresponding  grade  of  American-made  materials. 
Chemical  prices  reached  bottom  last  year  and  if  any  change  occurs 
in  the  near  future,  it  will  probably  be  in  an  upward  direction. 

These  conclusions  are  based  upon  the  following  tables: 

Retail  Prices 

1913  1919  May  1922  Aug.  1922 

Evaporating  dish,  No.  0 $0.19  SO. 24  $0.24  $0.23 

Griffin  beaker,  250  cc 0.22       0.25  0.25  0  25 

Florence  fiask,  400  cc 0.24        0.27  0.27  0.24 

Cylindrical  graduate,  100  cc 0.50       0.63  0.60  0  57 

Thermometer,  110°  C 0.80       1.20  1.10  1.05 

Bunsen  funnel,  3  in 0.18       0.43  0.35  0.35 

Soxhlet  extraction  apparatus,  100  cc.       2.70       3.85  3.80  3.50 

Bunsen  burner 0.22       0.45  0.35  0.35 

CoMPAR.'VTivE  Prices  (May  1,  1922) 

American-  German-Made 

Made  (Royal    Berlin, 
(Coors,  Pyrex,  Jena,  Siebert  & 

Taylor,  etc.)  Kuhn,  etc.) 

Evaporating  dish,  No.  0 $0.24  $0.35 

Griffin  beaker,  250  cc 0.25  0.25 

Florence  flask,  400  cc 0.27  0.32 

Cylindrical  graduate,  100  cc 0.60  0.80 

Thermometer,  110°  C 1.10  1.10 

Bunsen  funnel,  4  in 0.44  0.38 

Soxhlet  extraction  apparatus,  100  cc. .                3.80  4.00 

Globe-shape  separatory  funnel,  250  cc.                1.65  2.15 

Instruments  differ  so  widely  in  characteristics  that  it  is  diiBcult 
to  draw  any  comparisons  as  to  makes.  The  tendency  toward 
lower  prices,  however,  may  be  illustrated  by  taking  the  Abbe 
refractometer.  A  well-known  American  manufacturer  de- 
veloped one  of  these  two  years  ago  which  sold  at  a  retail  price  of 
$425.  About  a  year  ago,  the  price  was  reduced  to  S320.  and  just 
recently  to  S275.  Another  American  maker  has  placed  an  .^bbe 
refractometer  on  the  market  at  a  price  of  S250.  The  first 
American-made  saccharimeter  retailed  two  years  ago  at  $710. 
This  was  later  reduced  to  S52.5. 


Platinum  Theft 

The  chemical  laboratory  of  the  Westinghouse  Electric  &  Manu- 
facturing Co.,  East  Pittsbiu-gh,  Pa.,  has  recently  lost  the  follow- 
ing pieces  of  platinum: 

Weight 

One  dish 32  2450  g. 

One  dish 40.2720  g. 

One  crucible 36.8328  g. 

One  crucible  marks  No.  8  and  (B)  18.0254  g. 
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Local  Anesthetics 

By  Henry  Gilman 
Dep.^rthbnt  oi"  CHB»nsTRY,  Iowa  Statu  Collegb,  Ames,  Iowa 


THERK  are  two  main  clas.ses  of  anesthetics:  general, 
where  the  patient  suffers  temporary  loss  of  conscious- 
ness; and  local,  wiien  the  patient  retains  consciousness 
during  the  operation.  General  anesthetics  may  be  inorganic 
or  organic  compounds,  such  as  nitrous  oxide,  ether,  chloro- 
form, ethyl  chloride,  etc.  Local  anesthetics 
may  be  inorganic  or  organic  compounds, 
but  organic  compounds  are  used  almost 
exclusively. 

The  hi.stor>'  of  local  anesthetics  is  inti- 
mately and  for  a  time  was  altogether  asso- 
ciated with  cocaine,  which  substance  was 
introduced  in  local  anesthesia  about  forty 
years  ago.  Without  entering  into  a  dis- 
cussion of  the  relative  merits  of  general  and 
local  anesthesia,  it  is  sufficient  to  remark 
that  statistics  indicate  a  steady  growth  in 
the  use  of  local  anesthetics  for  both  minor 
and  major  operations. 

Need  of  Substitute  for  Cocaine 

In  surgery,  particularly  in  dental  work, 
cocaine,  has  been  rather  largely  superseded 
by  synthetic  local  anesthetics.  The  rea- 
sons for  this  are  several  and  concern 
themselves  with  inherent  comparative 
disadvantages  of  this  naturally  occurring 
alkaloid.  First,  cocaine  is  relatively  more 
toxic  or  poisonous  than  some  commonly  employed  sjoithetic 
compounds.  Second,  cocaine  is  a  habit-forming  drug  and 
carries  with  it  the  added  disadvantage  of  such  drugs — the 
need  of  conforming  with  the  proper  legal  exactions  of  the 
Harrison  narcotic  law.  Other  disadvantages  are  often 
cited,  but  the.ic  two  may  be  considered  as  of  prime  import. 

Substitutes  for  cocaine  (and  we  here  refer  to  sjmthetic 
organic  compounds)  should  satisfy  the  following  require- 
ments' 

(1)  They  must  be  less  toxic  tlian  cocaine  in  proportion  to  their 
local  anesthetic  action. 

(2)  They  must  not  cause  irritation  or  tissue  injury,  and  largely 
for  these  reasons  coni()ounds  that  react  strongly  acid  or  alkaline 
are  not  used. 

(3)  They  must  be  water-soluble,  and  give  solutions  sufficiently 
stable  to  be  sterilizablc  by  boiling. 

(4)  They  must  be  compatible  (possible  of  mixing  without 
serious  alteration)  with  adrenalin.  Adrenalin  is  an  organic 
comiKiund  obtainable  from  the  suprarenal  glands  and  is  also 
prepared  synthetically.  It  has  the  extremely  valuable  property 
of  constrirt  ing  blood  vcs.sels.  This  not  only  renders  the  tissues  of 
an  area  iiimparntivcly  bloodless  during  operation,  but  also  in- 
creases local  anesthesia  and  decreases  the  general  toxic  action 
by  reducing  the  rate  of  absorption  by  the  system. 

(ft)  I'ur  particular  operations  involving  mucous  membranes 
they  must  be  able  to  penetrate  rapidly. 

For  such  mucous  membrane  work  as  eye,  nose,  and  throat 
the  anesthct  ic  i.s  applied  topically,  being  absorbed  directly  from 
a  wad  moistened  with  the  compound.  For  most  other  work 
the  .solution  i.«  injected.  The  cost  factor,  on  the  whole,  is  not 
always  of  major  consequence;  .someone  has  made  the  trite 
remark  that  although  ether  is  more  expensive  than  chloro- 
form in  general  anesthesia  it  is  less  costly  than  a  funeral. 


IlBNRy  GiLUAN 


The  success  which  has  attended  the  efforts  of  organic 
chemists  in   this  field  has  naturally   developed  from   the 
methods  of  attack,  which  have  been  followed  in  the  solution 
of  related  problems. 
Essentially  this  is  the  problem.    Cocaine  is  a  naturally 
occurring  organic  compound  with  certain 
physiological  properties,  particularly  that 
of  producing  local  anesthesia.  It  has  some 
inherent  defects  which  must  be  remedied 
or  circumvented.    Inasmuch  as  cocaine  is 
a  pure  organic    compound  this  involves 
either  an  alteration  of  the  cocaine  mole- 
cule or  the  synthesis  of  new  compounds 
ha\ing  at  least  the  desirable  properties  of 
cocaine   with  few   or  none  of  its    disad- 
vantages. 

Method  of  Attack 

With  such  problems  the  first  procedure 
is  one  of  analysis.  This  involves  in  or- 
der: separation  and  purification,  qualita- 
tive analysis,  quantitative  analysis,  and 
molecular  weight  determination.  From 
these  the  molecular  formula  can  be  ob- 
tained. The  work  has  only  begun,  for 
the  molecular  formula  alone  is  essen- 
tially wortliless  with  complex  organic 
compounds,  such  as  cocaine,  C17HJ1O4N. 
The  structural  or  constitutional  formula,  wliich  shows  the 
manner  of  arrangement  of  atoms  and  groups  in  the  mole- 
cule, must  next  be  determined.  This  is  arrived  at  by  a 
process  of  analysis  or  fragmentation,  the  breaking  down  of 
the  molecule  by  standard  reactions  into  re<isonably  large 
parts  which  are  isolated  and  then  identified  by  reference 
to  previously  known  compounds.  Generally,  this  structure 
is  confirmed  by  a  svTithesis  using  known  compounds  and 
standard  or  reliable  reactions. 

That  which  follows  is  essentially  empirical  at  first.  Alter- 
ations arc  made  in  the  disposition  or  arrangement  of  groups  in 
the  molecule,  in  the  kind,  and  number  of  groups.  After  each 
new  compound  has  been  made  it  is  pharmacologically  tested, 
at  first  on  lower  animals,  to  determine  the  effect  of  such 
changes  on  the  physiological  properties.  In  this  way  we  arrive 
,'it  certain  rules  or  generalizations  which  serve  to  correlate 
physiological  action  with  chemical  constitution.  With  new 
drugs  this  involves  the  synthesis  of  many  new  compounds, 
first,  in  order  to  determine  the  effect  of  variations  in  structure, 
and  second,  if  we  would  sjmthesize  a  substance  with  optimum 
physiological  properties.  A  large  proportion  of  these  com- 
pounds may  ajjpoar  to  be  of  doubtful  value.  The  method  is 
orderly,  rational,  scientific,  and,  for  the  present,  ine\'itable. 
Arsphenamine,  or  "OOG,"  the  organic  compound  so  widely 
used  in  syphilis  and  allied  diseases,  is  one  of  the  most  impor- 
tant drugs  the  world  now  has  and  only  came  into  being  after 
Ehrlich  had  previously  prepared  605  solutions. 

Procaine 

Following  the  methods  of  procedure  just  indicated,  chem- 
ists have  synthesized  a  number  of  organic  compounds  whose 
physiological  properties  have  warranted  their  rather  wide 
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adoption  in  medicine.  Foremost  among  these  compounds 
is  procaino,  formerly  known  in  this  country  as  novocaine. 
It  is  the  hydrocliloride  of  the  p-aminobenzoato  of  /3-diethyl- 
aminoethyl  alcohol.  The  hydroclilorides  of  these  ba.sic  com- 
pounds are  generally  used,  but  for  convenience  the  free  bases 
are  graphic;dly  presented  for  comparison. 


-CH— CH— C— OCHj 


CHi  CHr 

)  \  I 


CH»— N CH— O— C— ^      y 

CH,     ' 

O-C—C^        >NH 


CH. CH— CH. 
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CH.      CHr 
\     I 


-CH.  _ 

CH.O— C— \         /NH, 
■CH.         O 
(Procaine) 


CHi     CHr— CHi 

(Kamm's  compound) 


(CH,),  (CH.)r 
I      \l 


-CH, 
(Butyn) 


It  will  be  observed  that  procaine  bears  some  structural 
resemblance  to  cocaine.  There  are  a  few  essential  differences. 
Procaine  is  simpler  in  the  sense  that  it  has  not  the  "bridges" 
or  cyclic  structures  so  characteristic  of  cocaine.  There  is  also 
a  para-amino  group  in  the  benzene  nucleus  of  procaine.  A 
third  difference  is  in  the  number  of  carbon  atoms  between  the 
nitrogen  and  oxygen  atoms.  In  cocaine  there  is  a  chain  of 
3  carbon  atoms  between  the  nitrogen  and  oxygen  atoms, 
whereas  in  procaine  there  is  a  chain  of  only  2  carbon  atoms 
between  the  corresponding  nitrogen  and  oxj-gen  atoms. 

Kamm'  forecasted  that  the  introduction  of  another  carbon 
atom  between  nitrogen  and  oxygen  would  give  a  compound 
whose  physiological  action  would  be  intermediate  between 
that  of  cocaine  and  procaine.  This  prediction  of  the  action 
of  a  new  compound  by  analogy  to  structures  of  known  com- 
pounds was  admirably  substantiated.  The  compound,  re- 
cently sj-nthesized  by  Kamm,  was  found  to  be  slightly  more 
toxic  than  procaine  but  less  toxic  than  cocaine;  it  was  more 
effective  for  surface  anesthesia  than  procaine  but  less  effective 
than  cocaine. 

Butyn 

Here,  then,  was  a  valuable  clue  for  the  synthesis  of  a  com- 
pound that  was  to  have  the  excellent  property  of  cocaine  for 
surface  anesthesia.  This  property  of  surface  penetration 
has  lunited  the  application  of  procaine  in  mucous  membrane 
work.  The  need  of  such  a  compound  in  eye,  nose,  and  throat 
work  was  urgent.  As  a  result  of  the  elegant  synthetic  work 
of  Adams,  Kamm  and  Volwiler,^  butjTi  was  prepared;  it  was 
selected  as  the  best  di-ug  from  some  40  compounds  made  by 
them.  After  a  thorough  and  eminently  satisfactory  series 
of  clinical  tests,  the  compound  is  now  used  for  mucous  mem- 
brane work.  Butyn  is  the  sulfate  of  the  p-aminobenzoate 
of  7-di-n-butylaminopropyl  alcohol.  This  compound  is 
probably  the  most  important  local  anesthetic  recently  pre- 
pared. It  is  distinctly  an  American  product,  and  was  made 
possible  by  the  excellent  collaboration  between  the  university, 
the  drug  house,  and  the  physician.  In  passing,  it  might  be 
mentioned  that  unpublished  results  indicate  butjTi  to  be  less 
toxic  than  cocaine  even  when  injected  in  man. 

Other  work  has  been  done  recently  with  compounds  related 
to  procaine.    In  a  study  of  the  effect  of  unsaturated  group>- 

'  /.  Am.  Chem.  Soc.  42  (1920),  1030. 

«  U.  S.  Patent  1,358,751;     C.  A.,  IS  (1921),  412.     Clinical  report  by 
Bulson  in  J.  Am.  Med.  Assoc.  1922,  78,  343. 


ings  on  local  anesthetic  action,  Braun  and  Braun.sdorf' 
have  replaced  one  of  the  ethyl  groups  in  procaine  by  an  allyl 
group,  and  by  a  cinnamyl  group.  Both  compounds  were 
found  to  have  a  stronger  anesthetic  action  than  procaine. 
V.  Braun  has  made  many  important  contributions  to  our 
knowledge  of  local  anesthetics  and  this  is  his  most  recent 
work.  Prior  to  this  Kamm  and  Volwiler*  prepared  the  di- 
allyl  analogs  of  procaine  and  butyn.  Osterberg  and 
Kendall'  have  prepared  the  o-diethylamino-cyclohexanol  ester 
of  p-aminobenzoic  acid,  a  homolog  of  procaine  with  larger 
molecular  weight.  No  report  has  yet  been  made  on  the  physio- 
logical action  of  this  compound.  Mention  should  be  in- 
cluded here  of  apothesine,  the  cinnamate  of  7-diethylamino- 
propyl  alcohol,  a  product  of  American  origin  introduced  dur- 
ing the  war  and  used  quite  extensively. 

Anesthesin 

Another  class  of  local  anesthetics  insoluble  in  water  but . 
used  in  powder  form  includes  anesthesin,  the  ethyl  ester  of 
p-aminobenzoic  acid.  Brill'  has  prepared  a  series  of  related 
esters  one  of  which,  the  n-butyl  ester  of  p-aminobenzoic  acid, 
is  the  subject  of  a  patent  by  two  drug  manufacturers,  one 
American  and  one  French.  Thorns  and  Ritsert'  have  studied 
the  effect  of  replacing  one  of  the  amino  hydrogen  atoms  of 
anesthesin  by  various  positive  and  negative  groups.  Only 
in  the  case  of  ethyl  p-hydrazinobenzoate,  where  a  second 
amino  group  was  substituted  for  a  hydrogen  atom,  was  the 
anesthetic  action  comparable  with  that  of  anesthesin. 
Altwegg  and  Landrivon'  have  patented  the  /3-haloethylamino- 
benzoic  esters  and  the  corresponding  compound  obtainable 
by  replacing  the  halogen  by  the  diethylamino  group.  Adams 
and   Volwiler'    have    prepared  the  allyl-p-aminobenzoate. 

Benzyl  Alcohol 

Another  class  of  local  anesthetics  owes  its  origin  to  the  re- 
searches of  Macht,'"  who,  in  connection  with  a  study  of  the 
physiological  action  of  various  alkaloids,  examined  the  an- 
esthetic properties  of  benzyl  alcohol  and  some  of  its  simple 
derivatives.  This  field  has  been  worked  almost  exclusively 
by  Americans.  Benzyl  alcohol  is  used  to  a  slight  extent  as  a 
local  anesthetic.  A  number  of  local  anesthetics  have  addi- 
tional valuable  properties,  such  as  antiseptic  action  and  nar- 
cotic action.  In  this  connection  it  should  be  said  that  various 
esters  of  benzyl  alcohol  are  very  useful  as  anti-spasmodics. 
Recent  work  has  indicated  a  close,  but  not  complete,  correla- 
tion between  the  anti-spasmodic  action  and  the  rate  of  hy- 
drolysis of  these  benzyl  esters.'' 

Other  Local  Anesthetics 

The  success  of  Macht  and  co-workers  with  benzyl  alcohol 
has  served  to  extend  our  knowledge  of  the  local  anesthetic 
properties  of  related  compounds.  Hjort  and  collaborators, 
in  a  study  of  various  aromatic  alcohols,  have  found  benzoyl 
carbinol  to  be  quite  effective  as  a  local  anesthetic.'''  A  series 
df  related  studies  by  Hirschfelder"  and  co-workers  has  shown 
the  practicability  of  saligenin  as  a  surgical  anesthetic.  Very 
favorable  clinical  reports  have  recently  been  made  of  this 
compound. 

•  Bcr.,  64B  (1921),  2081;  C.  A.,  16  (1922),  1084. 

«  U.  S.  Patent  1,388,573;  C.  A.,  16  (1922),   990. 

tj.  Am.  Chem.  Soc,  43  (1921),  1370. 

«  Ibid.,  43  (1921),  1320. 

'  Ber.  pharm.  Ces..  31  (1921),  65;  C.  A.,  16  (1921),  2851. 

»  C.  A.,  14  (1920),  1595. 

»  U.  S.  Patent  1.360,994;  C.  A.  16  (1921),  575. 

'»  J.  Pharmacol..  12  (1918),  263;  C.  A.,  13  (1919),  41. 

"  Nielsen  and  Higgins,  J.  Lab.  Clin.  Med..  7  (1922),  1;  Volwiler  and 
VUet,  J.  Am.  Chem.  Soc.  43  (1921),  1672;  Schonle  and  Row,  Ibid.,  43 
(1921),  361. 

"  Science,  61  (1920),  497;  C.  A.,  14  (1920),  3476. 

"  J.  Pharmacol..  16  (1920),  261;  C.  A.,  16  (1921),  274. 
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Two  products  of  French  origin,  stovaine  and  aljrpin,  have 
found  use  in  other  countries.  They  may  be  considered  as 
typical  of  still  another  class  of  local  anesthetics.  Recent 
papers  on  such  compounds  have  been  published  by  Fourneau" 
and  by  Launoy  and  Fujimori."  Pharmacological  tests  indi- 
cate that  the  compounds  described  are  of  doubtful  value. 

Two  new  local  anesthetics,  the  hydrochlorides  of  ne\Talteine 
and  its  methyl  derivative,  have  been  studied  by  Valcnti." 
They  are  described  as  having  marked  anesthetic  properties. 

Mention  should  be  made  of  recent  work  by  Japanese 
authors.  A  pharmacological  examination  by  Kubota"  of 
allocaine-S,  a  new  local  anesthetic,  has  shown  this  amino  ester 
to  be  of  limited  use.  Ogata,"  in  a  study  of  a  large  number  of 
amines,  has  shown  that  both  aromatic  and  aliphatic  amines 
have  anesthetic  power  provided  that  at  least  one  of  seven  or 
more  carbon  atoms  is  attached  to  nitrogen. 

>•  Bull.  IOC  chim  .  19,  413;  C.  A..  1»  (1921),  3876. 

"  Compt  rend.  soc.  biol.,  U  (1919),  732:  C.  A.,  14  (1920),  3462. 

M  Arch  farm.  sfn..  SR  (1918):  C.  A..  1«  (1920),  775. 

«  J.  P*<irma<:o:.,ll(I919).361:C. -4.,  18  (1919),  2246. 

»  J.  Pharm  Soc  Jap  ,  456  (1920).  81;  C.  A.,  14  (1919),  3476. 


With  our  present  knowledge  of  the  relationships  between 
physiological  action  and  chemical  constitution,  it  would  be 
extraordinarily  disappointing  to  some  to  omit  the  stereotyped 
remark  that  the  ideal  local  anesthetic  has  not  been  found. 
It  is  quite  possible  that  there  is  not  one  ideal  local  anesthetic; 
it  is  more  probable  that  there  are  several  when  one  considers 
the  different  uses  to  wliich  such  compounds  are  put.  With 
the  present  state  of  our  knowledge  it  must  be  admitted  that 
the  modes  of  attack  in  the  solution  of  this  problem  are  es- 
sentially correct.  More  rapid  and  substantial  progress 
would  result  with  a  better  knowledge  of  the  mechanism  of 
local  anesthesia.  Furthermore,  it  must  be  remembered  that 
as  a  general  rule  reactions  are  inextricably  bound  up  with 
physicochemical  processes — there  must  be  contact  before 
there  can  be  a  so-called  chemical  reaction.  Physical  chem- 
istry has  not  as  yet  rendered  full  service  in  this  field.  The 
problem,  like  others  related  to  it,  is  perhaps  as  complex  as  the 
li\Tng  body,  and  advances  are  dependent  not  only  on  the  con- 
tril)utions  of  chemistry,  but  on  those  of  related  fields  like 
pharmacology,  surgery,  and  medicine  in  general. 


Pharmaceutical  Chemistry 

By  Frank  R.  Eldred 
Eldrbd  &  Atkinson,  Inc.,  Chbmicai.  Advisors  and  Enginubrs,   Nbw  York,  N.  Y. 


THE  COMPLEXITY  of  the  problems 
of  life  in  health  and  disease  is  a  se- 
rious limiting  factor  in  the  progress 
toward  more  efficient  remedial  agents. 
The  important  advances  in  this  field  have 
usually  resulted  from  the  work  of  many 
individuals  trained  not  only  in  chemistry 
but  also  in  the  various  branches  of  biology 
and  medicine,  t'hemical  studies  under- 
taken with  no  thought  of  their  bearing  upon 
the  treatment  of  disease  often  supply  the 
foundations  for  the  development  of  most 
valuable  medicinal  products. 

In  an  attempt  to  inventory  our  progress 
in  mefiicinal  chemistry  we  are  confronted 
by  a  vast  number  of  individual  researches 
which  contribute  directly  or  indirectly  to 
our  knowlc<lgc  of  disease  and  its  treatment 
by  chemical  agencies.  Progress  is  probably 
more  rapid  than  at  any  previous  time, 
owing  to  the  widespread  interest  in  the 
subject  and  to  the  application  of  newly 
discovered  chemical  principles;  neverthe- 
less if  we  had  some  adequate  means  for  coordinating  the 
work  of  the  army  of  clinicians,  pharmacologists,  biologists, 
and  cliemists  upon  whose  researches  the  health  and  happi- 
ness of  the  human  race  are  so  largely  dependent,  the  rate 
of  progress  would  be  increased  many  fold.  Any  lack  of  co- 
ordination and  co<(|)eratif)n  in  the  attack  upon  disease  con- 
stitutes a  tragedy  many  times  reenactcd. 

An  example  of  the  time  that  may  elapse  between  the  syn- 
thesis of  a  new  compound  and  the  discovery  of  its  physiolog- 
ical properties  is  afforded  l.y  the  anti-oxime  of  perillaldehyde, 
which  was  prepared  in  the  lnhnralory  of  a  German  chemical 
plant  in  1910  and  nine  y.ars  later  was  made  the  subject  of 
a  Japanese  patent  on  account  of  its  sweetening  power,  which  is 
said  to  be  from  four  to  eight  limes  as  great  as  that  of  saccharin. 


It  is  consequently  difficult  to  evaluate 
the  progress  in  this  field  during  any  defi- 
nite period  or  to  give  credit  to  those  whose 
work  may  lead  to  most  important  dis- 
coveries. In  the  limits  of  this  brief  review 
no  attempt  has  been  made  to  give  complete 
references  or  credit  for  progress  to  which 
many  workers  have  contributed. 

During  the  last  two  years  there  has  been 
the  usual  flood  of  new  remedies,  but  com- 
jiaratively  few  of  these  represent  real  prog- 
ress wliile  many  of  them  are  distinctly 
inferior  to  products  already  available. 

In  many  instances  there  is  a  marked 
tendency  to  return  to  older  forms  of  medi- 
cation, which  have  in  the  meantime  been 
largely  replaced  by  newer  remedies  or  "pure 
principles."  Some  of  the  so-called  pure 
principles  fail  to  represent  the  activity  of 
the  cnide  product  from  which  they  are 
derived,  thus  disclosing  the  need  for  fur- 
ther knowledge  of  tlie  chemistry  of  the 
parent  product  as  well  as  of  the  substances 
that  can  be  prepared  from  it.  This  is  especially  true  of  the 
crude  vegetable  drugs,  since  in  the  preparation  of  "pure" 
plant  principles  physical  and  chemical  changes  take  place, 
with  tlic  resulting  destruction  of  the  original  colloidal  com- 
plexes and  accompanying  changes  in  the  solubilities  of  active 
constituents  and  their  absorption  when  administered  to 
animals.  John  Uri  Lloyd  was  a  pioneer  in  pointing  out  these 
facts  and  has  made  many  valuable  observations  upon  the 
colloidal  nature  of  plant  constituents.  His  mifiinal  studies, 
published  in  the  Proceedings  of  the  America7i  Pharmaceutical 
Association,  1876-1889,  are  very  interesting  in  the  light  of 
recent  developments. 

Digitalis  offers  an  excellent  example  of  the  failure  to  isolate 
substances  which  fully  represent  the  physiological  activity  of 
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the  plant.  Probably  no  druR  ha.s  a  more  voluminous 
literature  than  digitalis,  whicii  has  been  the  subject  of  exten- 
sive researches  by  Schmiedeberg,  Kiliani,  ("loctta,  Kraft,  and 
many  others.  Cloetta'  now  rejjorts  the  isolation  of  pure 
crystalline  digitoxin  which  differs  from  any  of  the  i)reviousIy 
prepared  digitoxins,  all  of  which  are  considered  by  Cloetta 
to  be  impure  mixtures.  Pomeroy  and  Hej'P  suggest  the 
ready  hydrolysis  of  digitalis  principles  as  an  explanation  of 
the  varying  results  obtained  in  the  investigation  of  the  drug, 
and  also  call  attention  to  the  observation  of  Tschirch  that, 
while  acetone  removes  the  entire  activity  from  digitalis 
leaf  and  its  aqueous  extracts,  the  acetone  extract  does  not 
represent  the  entire  acti\-ity  of  the  drug.  Extraction  of 
an  aqueous  extract  by  chloroform  resulted  in  a  loss  of  more 
than  half  of  the  total  activity.  Tschirch  beUeves  that  the 
activity  of  digitalis  is  due  to  the  mutual  effects  of  the  various 
glucosides  and  is  not  the  simple  sum  of  the  activity  of  the 
individual  glucosides.  Powdered  digitalis  leaf  and  a  tinc- 
ture or  infusion  prepared  from  it  are  probably  the  best  forms 
for  the  administration  of  digitalis,  notwithstanding  the 
years  of  research  which  have  been  devoted  to  this  drug. 
This  is  also  true  of  many  other  vegetable  drugs  which 
are  imperfectly  represented  by  the  constituents  that  have 
been  isolated  or  from  which  no  active  principle  has  been 
separated. 

Although  there  is  a  vast  accumulation  of  data  upon  the 
composition  of  plants,  we  know  very  Uttle  about  the  exact 
physical  condition  and  chemical  composition  of  the  sub- 
stances as  they  exist  in  the  plant  cell  before  any  changes 
have  taken  place.  The  methods  wliich  Osborne  and  his 
co-workers'  appUed  in  the  investigation  of  fresh  spinach  and 
alfalfa  would  undoubtedly  yield  valuable  results  if  employed 
in  the  analysis  of  vegetable  drugs. 

Cod-liver  oil,  always  popular  with  the  laity,  had  for  a  long 
time  been  neglected  by  the  medical  profession  until  it  was 
found  to  be  very  rich  in  \-itamin-A.  Since  this  discovery 
was  made  its  use  has  been  constantly  increasing  and  its 
properties  have  been  generally  ascribed  to  its  vitamin  con- 
tent. It  has  been  shown  to  have  a  marked  effect  upon  the 
calcium  metabolism,  but  this  property  is  probably  not  due 
to  \-itamin-A,  since  cod-liver  oil  is  much  more  effective 
than  butter  fat  in  preventing  rachitic  conditions,  even  when 
the  latter  is  added  to  the  diet  in  sufficient  quantities  to  supply 
much  more  than  the  normal  requirement  of  \-itamin-A.* 
It  has  also  been  reported  that  cod-hver  oil  retains  its  anti- 
rachitic properties  after  the  destruction  of  \-itamin-A  by 
exposure  to  heat  and  air.  It  is  probable  that  the  physi- 
ological effects  of  cod-liver  oil  are  due  in  part  to  its  unsaturated 
fatty  acids  and  its  iodine  content.  It  is  interesting  to  note 
that  the  American  Relief  Administration  in  Russia  is  supply- 
ing cod-liver  oil  to  many  day  nurseries  and  children's  homes. 

Chaulmoogra  oil  wliich  has  been  used  for  many  years  in 
the  treatment  of  leprosy  with  indifferent  success  has  acquired 
new  interest  since  the  preparation  of  the  ethyl  esters  and 
sodium  salts  of  the  unsaturated  acids  has  made  it  possible 
to  administer  the  remedy  intramuscularly.  BriEiant  re- 
sults are  being  obtained  and  the  treatment  seems  to  be 
specific  in  leprosy. 

The  administration  of  substances  by  inhalation  for  their 
systemic  effects  was  suggested  by  the  studies  of  war  gases 
and  in  some  cases  this  may  prove  to  be  a  valuable  means  of 
treatment.  A  rather  crude  attempt  is  the  proposed  treat- 
ment of  tuberculosis  by  the  inhalation  of  finely  divided  cal- 
cium carbonate.    James  Todd'  has  made  interesting  experi- 

'  J.  Chem.  Soc,  HO,  1  (1921).  39. 

«  Am.  J.  Pharm..  92  (1920),  394. 

>  J.  Biol.  Chem.,  42  (1920).  1;  49  (1921),  63. 

'  Ibid..  60  (1922).  3. 

'  "Eiperiments  with  Oxygen  in  Disease."  Pittsburgh,  Pa.,  19S1. 


nipnts  on  the  treatment  of  infected  animals  by  inhalation  of 
ozonized  air,  and  has  followed  this,  with  the  cooperation  of 
I)hysicians,  by  the  treatment  of  human  ca.ses  of  tuberculosis 
and  other  germ  disejises  with  ozonized  oils. 

The  physiological  effects  of  benzyl  alcohol  and  its  esters 
were  studied  liy  Macht  who  found  that  they  had  a  relaxing 
effect  on  smooth  muscle.  Together  with  the  known  benzyl 
esters,  a  number  of  new  benzyl  compounds  having  the  typi- 
cal benzyl  effect  have  been  utilized  with  success  in  the  treat- 
ment of  many  conditions  where  a  sedative  action  on  smooth 
muscle  tissue  is  desired. 

The  relative  toxicity  of  a  number  of  alcohols  has  been 
determined  by  Macht,"  who  found  an  increasing  toxicity  in 
the  series  methyl,  ethyl,  propyl,  butyl,  and  arayl.  The 
secondary  alcohols  were  less  toxic  than  the  corresponding 
primary  alcohols.  Kamm'  tested  the  normal  alcohols  on 
Paramccia  and  reduced  his  results  as  well  as  those  of  Macht 
to  the  numerical  expression  1  :  3  :  3^  :  3'  :  3*  -  -,  the  molar 
toxicity  of  any  member  of  the  series  being  three  times  that 
of  the  preceding  member. 

Pure  isopropyl  alcohol  is  now  available  in  such  quantities 
that  it  can  be  used,  where  applicable,  as  a  substitute  for 
ethyl  alcohol.  Although  more  poisonous  than  ethyl  alcohol, 
it  is  also  more  active  as  an  antiseptic  and  it  might  there- 
fore replace  ethyl  alcohol  where  used  for  its  preservative 
action. 

Denatured  alcohol  is  finding  wider  use  in  the  manufacture 
of  medicinal  products  and  in  the  interest  of  economy  its  use 
will  no  doubt  be  further  extended. 

The  autoxidation  of  ethyl  ether,  with  the  formation  of 
ether  peroxide,  hydrogen  peroxide,  aldehyde,  and  acetic 
acid,  which  is  described  by  Clover,'  may  have  an  important 
bearing  on  its  use  as  an  anesthetic.  The  oxidation  is  greatly 
accelerated  by  light. 

A  number  of  dyes,  particularly  the  acridine  dyes,  find  a 
continually  increasing  use  as  antiseptics.  Further  studies 
in  the  acridine  series  have  led  to  the  preparation  of  2-ethoxy- 
6,9-diaminoacridine,  which  is  said  to  be  superior  to  the 
acridine  compounds  now  in  use.  A  number  of  other  dyes 
have  been  found  to  be  active  germicides.  Mercurochrome, 
dibromo-ox-ymercury-fluorcscein,  seems  to  be  a  very  useful 
urinary  antiseptic  and  Hirschfelder'  has  found  the  mercury 
compounds  of  saligenin  and  of  p-hydroxy-?«-nitrophenyl 
carbinol  to  be  effective  as  antiseptics.  Johnson  and  Lane'° 
have  prepared  several  new  derivatives  of  resorcinol,  and  have 
found  that  the  phenol  coefficients  of  the  series,  viz.,  resorcinol, 
ethyl  resorcinol,  n-propyl  resorcinol,  n-butyl  resorcinol, 
increase  in  the  following  order  0.3,  1.5,  4.3,  8.0.  This  ob- 
servation will  be  of  value  in  future  work  on  antiseptics. 
The  comparative  toxicity  of  germicides  to  bacteria  of  dif- 
ferent species,  or  even  different  strains,  is  not  constant.  The 
appUcation  of  this  "specificity  of  disinfectants"  to  the  prac- 
tical testing  and  use  of  germicides  was  first  emphasized  by 
Walters."  It  has  been  found  that  even  the  various  chlorine 
disinfectants  differ  greatly  in  their  relative  toxicity  to  various 
organisms.  Attention  is  called  to  the  efficiency  of  steam- 
distilled  pine  oil  in  killing  B.  typhosus  and  the  high  resistance 
of  M.  aureus  and  B.  anlhracis  to  this  agent." 

Cymene  and  piperitone,  a  constituent  of  certain  eucalyptus 
oUs,  may  ser\'e  as  sources  for  the  commercial  production  of 
thymol,  one  of  the  valuable  remedies  in  hookworm  infec- 
tions.   Carv^acrol  has  been  found  to  be  fully  as  effective  as 

•C.  A.,  IS  (1921),  122. 

'  Scitnce,  M  (1921),  55. 

>  J.  Am.  Chem.  Soc,  44  (1922),  1107. 

•  Ibid.,  4a  (1920).  2678. 

^'Ibid.,  43  (1921),  348. 

■'  Am.  J.  Pub.  Health,  7  (1917),  1030. 
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thj-mol,  and  since  it  can  be  readily  prepared  from  cymene,  it 
ehould  find  extensive  use.  Chloroform  and  carbon  tetra- 
chloride have  also  been  successfully  used  in  hookworm 
infection. 

Cinchophen  continues  to  increase  in  popularity  and  a 
nunil)or  of  closely  related  compounds  have  been  placed  on 
the  market.  Bogert  and  Abrahamson"  suggest  that  a 
new  thiftzoie  derivative  which  they  have  prepared,  2-phenyl- 
benzolhia2ole-6-carboxj'lic  acid,  may,  from  its  analogy  to 
cinchophen,  have  similar  physiological  properties. 

A  number  of  new  barbituric  acid  derivatives  have  been 
prepared  and  some  of  them  have  been  placed  on  the  market, 
but  barbital  seems  to  be  fully  as  eflBcient  as  any  of  the 
newer  derivatives.  Luminal  has  been  found  particularly 
valuable  in  epilepsy. 

The  organic  arsenic  derivatives  are  the  subject  of  much 
important  research.  Arsphcnamine  and  neoarsphenamine 
remain  as  the  most  valuable  remedies  in  syphilis,  although 
promij^ing  results  have  been  attained  with  some  of  the  newer 
compounds.  Much  progress  has  been  made  in  the  methods 
of  manufacturing  and  testing  arsphenamine  and  neoarsphen- 
amine, and  products  less  toxic  than  the  original  imported 
products  are  now  available.  Stieglitz  and  co-workers'*  have 
prepared  5,5'-mercuri-bis-3-nitro-4-hydroxyphenylarsonic  acid 
and  are  continuing  the  investigation  wth  the  object  of 
producing  a  compound  for  therapeutic  use  containing  both 
arsenic  and  mercury. 

Bismuth,  administered  intramuscularly,  in  the  form  of 
potassium  and  sodium  tartrobismuthate  suspended  in  oil 
or  bismuth  and  ammonium  citrate  in  aqueous  solution,  is 
reported  to  act  as  a  specific  in  syphilis. 

Extensive  researches  have  been  devoted  to  the  cinchona 
alkaloids.  Jacobs  and  Heidelberger  have  prepared  many 
new  derivatives  in  the  cinchona  series  with  the  object  of 
finding  compounds  that  will  have  a  specific  action  in  pneu- 
monia. Through  the  studies  of  Bass,  the  quinine  treatment 
of  malaria  has  become  much  more  effective,  but  it  is  not 
improbable  that  some  new  derivative  of  the  cinchona  alkaloids 
■will  be  found  which  will  be  even  more  efficient  than  quinine. 
An  alkaloidal  product  from  Lobelia  inflaia  prepared  by  a 
patented  process  is  now  on  the  market.  Wieland,"  who 
studied  the  alkaloids  of  lobelia,  isolated  two  crystalline 
alkaloids,  lobeline  and  lobelidine.  These  alkaloids  will 
probably  be  useful  therapeutic  agents.  Cushny  has  made 
the  interesting  observation  that  Z-hyoscine  is  15  to  18  times 
as  active  as  d-hyoscine  as  a  mydriatic,  but  that  the  two 
forms  are  identical  in  their  action  on  the  central  nervous 
system  and  therefore  in  their  production  of  "twihght  sleep." 

Karrer"  and  co-workers  have  prepared  a  number  of  new 
amino  alcohols  and  cholines,  some  of  which  have  an  action 
on  the  uterus  similar  to  that  of  ergot.  Shepherd 's-purse 
(Capsella  hurm-pa.itoris) ,  which  was  u.sed  during  the  war  as 
a  substitute  for  ergot,  has  been  found  to  contain  choline  and 
acetylcholine;  the  presence  of  tyramine  is  regarded  as  prob- 
able and  that  of  histamine  doubtful. 

The  manufacture  of  digestive  enzymes  from  animal  sources 
has  been  carried  on  chiefly  for  medicinal  preparations  but 
they  are  now  being  used  in  increasing  quantities  in  the  food, 
leather,  and  textile  industries. 

The  use  of  gland  extracts  in  medicine  is  rapidly  increasing 
and  valuable  contributions  are  being  made  to  our  knowledge 
of  the  com|)osition  of  these  extracts.  Notable  among  .such 
studies  is  the  work  of  Kendall  on  thyroxin,  the  active  sub- 
stance of  the  thyroid  gland.  A  concentrated  preparation 
of  the  internal  secretion  of  the  pancreas  is  said  to  have  been 

»  J.  Am.  Cktrn.  Soc.,  M  (ig22),  820. 
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used  with  remarkable  success  in  cases  of  diabetes.  The 
active  principles  of  the  pituitary  have  not  yet  been  deter- 
mined, although  much  progress  has  been  made  by  Abel, 
Dale,  Dudley,  and  otliers.  Drummond  and  Cannan"  state 
that  tethehn  is  an  impure  mixture  of  lipoids,  and  that  the 
anterior  lobe  of  the  pituitary  does  not  seem  to  influence 
growth.  Ovarian  and  placental  extracts  have  been  found 
very  useful  in  disturbances  of  menstruation  and  pregnancy. 

Vitamins  are  to  be  considered  from  the  standpoint  of 
foods,  as  cod-liver  oil  and  certain  yeast  preparations  are  the 
only  useful  vitamin-containing  products  that  can  be  classed 
as  medicines.  It  is  possible  that  with  further  knowledge  of 
the  functions  of  vitamins  and  their  separation  from  plant 
and  animal  products,  vitamin  preparations  will  become 
valuable  as  medicines. 

McClendon'*  has  suggested  that  our  use  of  refined  table 
salt  is  a  mistake,  and  that  it  might  be  weU  to  substitute  a 
sterihzed  sea  salt  which  would  supply  not  only  iodine,  but  also 
numerous  other  elements  wliich  may  be  deficient  in  the  diet. 

The  relation  of  calcium  metabolism  to  rickets  has  been  the 
subject  of  much  study.  Sunhght  has  been  found  to  have  an 
effect  similar  to  that  of  cod-liver  oil  on  rachitic  animals. 
Mason  states  that  calcium  chloride  is  better  absorbed  than 
calcium  lactate  and  it  is  interesting  to  note  that  a  single 
dose  of  cod-liver  oil  administered  with  the  lactate  seemed  to 
increase  the  absorption  of  calcium. 

Colloidal  metals  have  been  used,  in  many  cases  with 
apparent  success,  in  combating  various  infections.  Colloidal 
antimony  is  reported  as  being  very  efficacious  in  the  treatment 
of  leprosy. 

Corresponding  to  the  toxic  relations  between  arsenic  and 
arsenious  acids,  the  ions  of  selenious  and  tellurious  acids  have 
been  found  to  be  much  more  effective  in  kiUing  bacteria  than 
the  ions  of  sclenic  and  telluric  acids.  Germanium  dioxide 
has  been  found  to  stimulate  the  formation  of  red  blood-cells. 

Vie'ft'ing  the  manufacture  of  medicinal  products  from  an 
industrial  standpoint,  small-scale  operations  are  the  rule  and 
engineering  and  factory  practice  is  frequently  not  up  to  the 
standard  required  for  larger  operations.  Much  can  be 
gained  by  a  careful  study  of  the  methods  employed  in  other 
branches  of  chemical  industry  where  success  is  dependent 
upon  progress  in  engineering  and  upon  economical  manage- 
ment. 

I'  C.  A.,  16  (1922),  1074. 
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Final  arrangements  have  now  been  completed  for  the  sulfur 
investigations  to  be  administered  by  the  Crop  Protection  In- 
stitute, utilizing  funds  supplied  by  tJie  Union  Sulphur  Co.,  the 
Frceport  Sulphur  Co.,  and  the  Texas  Gulf  Sulphur  Company. 
The  phytopatliological  phase  of  the  work  will  be  carried  out  by 
Mr.  H.  C.  Young  at  the  Missouri  Botanical  Garden,  St.  Louis, 
under  the  direction  of  Dr.  B.  M.  Duggar.  Approach  to  this 
phase  of  the  project  will  be  along  the  line  of  the  fundamental 
effects  of  temperature,  moisture,  and  other  conditions  on  the 
fungicidal  action  of  sulfur.  The  entomological  phase  of  the 
investigation  will  be  conducted  at  tlie  Geneva,  N.  Y.,  Experi- 
ment Station  and  in  part  at  Ohio  State  University,  by  Mr.  F. 
H.  Lathrop,  under  the  direction  of  Prof.  P.  J.  Parrott  and  Dr. 
Herbert  Osborn.  Each  phase  of  the  project  will  run  for  two 
years,  during  which  time  it  is  expected  that  substantial  progress 
will  be  made  and  real  contributions  to  the  knowledge  and  use  of 
sulfur  will  be  achieved. 


After  constituting  for  almost  four  years  a  division  of  the 
Czechoslovak  I-'ederation  of  the  Chemical  Industry,  the  dye- 
stuffs-producing  interests  of  Czechoslovakia  have  become  asso- 
ciated in  an  independent  federation,  to  be  allied  with  the  Federa- 
tion of  Czechoslovak  Industrialists.  This  separate  organization 
was  considered  necessary  for  closer  unity  with  respect  to  customs 
needs  and  the  operation  of  the  commercial  agreement  with  Ger- 
many. The  federation  comprises  seven  sections  divided  ac- 
cording to  nature  and  use  of  products. 


Sept.,  1922 
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Chemistry  as  an  Aid  to  the  Tobacco  Industry 

By  A.  L.  Chesley 


Cbruist,  Tub  Amrrican  Tobacco  Co.,  Niiw  York.  N.  Y. 


IT  IS  OFTEN  asked,  "Wliat  need  lias  the  tobacco  indus- 
try for  a  chemist?"  Every  process,  every  treatment  that 
tobacco  imderp;oes,  from  the  time  the  seed  is  planted 
until  the  cured  and  aged  tobacco  is  ready  for  the  consumer, 
is  based  on  chemical  reactions  and  changes.  A  few  of  these 
are  understood,  but  in  most  cases  neither 
the  cause  nor  effect  is  known.  For  in- 
stance, what  causes  Turkish  tobacco  gro'mi 
in  Turkey  to  have  an  entirely  different 
aroma  from  tobacco  grown  in  the  same 
way  and  from  the  same  seed  in  California? 
Why  will  not  plants  gro\\-n  in  Cuba,  and 
transplanted  into  Florida  with  Cuban  soil 
around  the  roots,  mature  into  the  same 
quality  of  leaf  as  if  they  had  matured  in 
Cuba?  Why  are  Sumatra  wrappers  grown 
in  Florida  thicker'and  heavier  bodied  than 
those  grown  in  Sumatra?  Could  these 
questions  be  answered  it  would  be  a  great 
boon  to  the  tobacco  industry;  but  because 
tobacco  is  such  a  complex  product  of  na- 
ture, and  so  many  things,  such  as  color, 
aroma,  burning  properties,  body,  tough- 
ness, and  pliability,  have  a  direct  bearing 
on  the  quaUty  of  the  leaf  and  the  sale  of 
the  manufactured  article,  chemists  have 
not  been  able  to  make  the  great  strides 
in  aiding,  controUing,  and  improving  the 
various  primary  processes  that  they  have  in  other  industries. 
The  main  reason  for  this  is  because  the  intricate  chemical 
reactions  carried  on  by  the  plant  are  but  little  understood, 
and  there  are  many  variables  to  contend  with. 

Tobacco  Growers'  Problems 

But  let  us  see  what  the  chemist  has  accomphshed.  If 
we  take  up  the  primary  processes,  we  find  many  instances 
where  he  has  been  of  great  aid  to  progress  in  this  industry. 
His  knowledge  was  needed  in  solving  the  fertilizer  problem. 
The  ratio  of  ammonia,  phosphoric  acid,  and  potash  in  the 
fertihzer  is  of  great  importance  and  must  be  controlled  to 
suit  the  type  of  tobacco  raised  far  more  closely  than  in  grow- 
ing most  crops.  Too  much  plant  food  is  as  injurious  as  too 
little.  Lack  of  ammonia  causes  the  growth  to  be  backward, 
and  to  obtain  a  good  quaUty  the  growth  must  be  rapid  and 
uninterrupted.  Too  much  ammonia  makes  it  very  strong, 
dark  in  color,  and  increases  the  nicotine  content.  A  fertilizer 
deficient  in  potash  or  containing  chlorides  will  cause  the  to- 
bacco to  be  of  poor  burning  quality.  While  an  excess  of 
sulfates  is  harmful,  they  are  not  as  injurious  as  chlorides. 
A  large  cigar  company  has  just  issued  instructions  to  its 
representatives  in  Porto  Rico  to  reduce  the  amount  of  am- 
monia in  the  fertilizer  in  order  to  obtain  leaf  of  hghter  color. 
The  custom  was  to  use  Ume  with  the  fertihzer  to  improve  the 
burning  quality.  It  was  found,  however,  that  alkaline 
materials  create  conditions  favorable  to  certain  fungus  dis- 
eases, especially  root  rot.  To-day  this  class  of  materials 
is  not  used  except  when  it  is  impossible  to  obtain  the  desired 
quality  in  any  other  way.  The  source  of  the  fertOizer  has  a 
great  deal  to  do  with  the  various  quaUties  of  the  leaf.  Stable 
manure,  for  instance,  should  not  be  used  where  a  very  Ught 
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color  is  desired;  it  also  increases  the  chlorine  content  of  the 
leaf. 

After  the  "topping"  process,  which  means  the  cutting  ofl 
of  the  flower  bud,  the  leaves  become  thicker,  heavier,  brittle, 
and  begin  to  droop.  This  is  also  a  sign  of  maturity.  The 
reason  for  it  has  been  shown  to  be  that  the 
jilant  food  which  ordinarily  would  be  car- 
ried into  the  flower  and  seeds  is  forced  into 
the  leaf.  Thus  chemistry  has  explained 
why  "topping"  produces  a  larger  and  bet- 
ter bodied  leaf  than  by  allowing  the  plant 
t(i  pursue  its  natural  course. 

In  the  curing  of  most  plants,  the  only 
ci!)ject  is  to  bring  about  such  a  condition 
that  the  material  can  be  stored  until  the 
next  crop  without  deteriorating.  In  the 
curing  of  tobacco,  besides  the  storage 
(lualities,  there  are  more  important  objects 
to  be  attained,  production  of  a  good  aroma 
and  light  color,  fixing  the  color,  and  secur- 
ing a  tough  and  supple  leaf.  Curing  was 
formerly  accomphshed  by  building  a  fire 
underneath  the  leaves  and  allowing  the 
smoke  to  escape  through  them.  To-day 
(inly  export  tobacco  is  cured  in  this  man- 
ner. Tobacco  for  home  consumption  is 
cured  by  evaporating  the  moisture  in  the 
plant  juices  in  such  a  manner  that  the  life 
processes  of  the  plant  wiU  continue  to  function  until  certain 
food  materials  have  been  consumed  and  other  compounds 
produced  in  their  place.  In  some  methods  of  curing  the 
sugars  remain  and  in  others  they  disappear;  citric,  maUc, 
and  oxalic  acids  are  produced  from  the  sugars;  later  these  are 
changed  to  a  large  extent  into  carbon  dioxide  and  water; 
citric  acid  is  not  as  readily  oxidized  during  this  change  as  the 
other  two.  In  another  method  the  acetic  acid  increases  six 
times  and  the  nitric  acid  decreases  one-half.  In  another 
there  is  a  transmigration  of  the  salts  through  the  veins  to  the 
midrib  and  into  the  stalk. 

You  have  often  seen  a  cigarette  sputter  while  held  in  the 
hand,  and  have  probably  thought  it  due  to  added  potassium 
nitrate.  This  is  not  so,  but  is  due  to  a  crystal  of  potassium 
nitrate  which  occurs  naturally  in  the  tobacco.  As  much  as 
2  per  cent  of  potassium  nitrate  is  found  along  the  midrib. 
Years  ago  it  was  the  custom  to  add  potassium  nitrate  to 
improve  leaf  of  poor  burning  quaUty.  To-day  this  is  made 
unnecessary  by  the  use  of  proper  fertilizers  and  control  of  the 
growth  and  curing  of  the  leaf. 

Wliile  many  of  the  changes  that  take  place  are  known,  it  has 
not  been  possible  to  induce  them  by  artificial  means  or  even  to 
shorten  the  time  necessary  for  them  to  take  place.  Several 
processes  have  been  patented,  for  which  startling  claims  have 
been  made,  but  they  have  proved  to  be  of  no  value.  As  a  rule 
they  only  injured  the  tobacco  so  it  was  not  suitable  for  use. 

It  has  been  possible  to  aid  by  controlling  the  temperature 
and  humidity  so  that  those  conditions  which  best  suit  the 
production  of  these  changes  may  be  obtained  under  adverse 
climatic  conditions.  To-day  aU  large  growers  have  modem 
curing  bams  so  they  can  keep  the  temperature  in  the  bam 
sUghtly  higher  than  the  outside  temperature,  thus  increasing 
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the  moisture  absorptive  power  of  the  air.  On  the  other  hand, 
as  the  changes  during  curing  are  chemical,  the  air  must  not 
have  too  great  a  drying  power  or  the  changes  will  not  take 
place. 

Protection  of  Brands 

The  chemist  in  the  tobacco  industry  is  concerned  ^\ith 
everything  entering  into  the  manufacture  of  the  A'arious 
brands  and  the  pacing  of  them  upon  the  market,  but  the 
tobacco  itself.  The  main  assets  of  a  tobacco  concern  are 
its  brands;  therefore,  one  of  his  chief  duties  is  to  keep  up 
the  standard  of  those  brands.  There  is  probably  nothing  in 
which  shglit  changfs  are  so  noticeable  as  in  tobacco  smoke. 
The  manufacturer  lias  learned  by  experience,  and  often  to  the 
detriment  of  his  prolits,  that  he  must  keep  his  brands  uniform 
in  every  way  from  day  to  day,  and  it  is  along  this  line  that  the 
chemist  is  of  the  greatest  value.  It  is  here  where  the  greatest 
progress  has  been  made. 

Many  supplies  are  peculiar  to  the  industry  itself.  For  some 
of  them  no  standards  had  been  set.  Even  the  suppliers, 
in  some  instances,  had  no  knowledge  of  the  quality  of  their 
products.  To-day,  in  our  company,  every  supply  must 
first  pass  the  test  of  ciuality  before  it  can  be  purchased.  Even 
the  suppliers  themselves  have  to  a  certain  extent  been 
investigated.  Preference  is  often  given  to  the  one  who  has 
proved  that  his  quality  can  always  be  depended  upon,  even 
when  his  price  is  slightly  higher  and  another's  sample  an- 
alyzes equally  as  good.  Thus,  after  the  first  few  years, 
sup[)lies  below  standard  decrea.sed;  so  that  one  year  but  30 
samples  were  received  that  were  below  rcciuirements,  and  most 
of  these  were  rejected  before  purchase,  Supphers  learned 
that  the  quality  of  their  goods  was  being  watched  and  took 
care  to  see  that  their  goods  met  our  specifications.  Since 
the  war  there  has  been  quite  an  incresuse  due  principally  to 
competition  and  to  stocks  bought  for  speculation. 

Fading  of  Lithographs 

Probably  the  largest  single  piece  of  research  undertaken 
during  the  last  two  years  was  on  the  fading  of  Uthographs. 
At  the  time  the  matter  was  agitated  it  caused  quite  a  furor 
among  ink  manufacturers.  They  claimed  there  was  no  need 
of  it,  that  their  inks  were  permanent  and  they  would  guarantee 
them.  They  would  not,  however,  back  their  guarantee  with 
cold  cash,  using  the  argument  that  they  did  not  have  control 
of  the  paste,  or  that  the  posters  might  be  exposed  where  fumes 
would  cause  fading.  ,\  concern  had  suffered  because  of  the 
fading  (|uality  of  the  ink  used  on  its  lithographs.  It  received 
reimbursement  fo-  the  posters  but  not  for  the  posting. 
A  national  posting  is  for  30  days  and  cost,s  about  $275,000, 
the  posters  costing  al)out  S2."),fX)0.  Obtaining  reimburse- 
ment for  the  cost  of  the  posters  is  not  much  satisfaction  when 
the  entire  outlay  is  considered.  As  no  concern  would  guaran- 
tee us  against  this  loss,  it  became  necessarj'  to  find  some  way 
to  i)r()teot  ourselves.  We  made  over  1000  tests  on  a  bill- 
board, through  the  months  of  June,  .luly,  and  August,  with 
inks  of  known  composition,  and  compared  the  results  with 
testa  made  on  the  Fade-0-Meter.  As  the  humidity  and  tem- 
perature around  New  York  City  is  the  most  trying  on  litho- 
graph inks,  it  WHS  only  necessjiry  U>  find  the  equivalent  for 
thi.s  section  in  order  to  protect  ourselves  all  over  the  United 
States.  It  w.-vs  found  that  50  hrs.  on  the  Fade-(J-Meter 
were  equivalent  to  30  days  on  a  billboard  having  a  southern 
exposure  for  these  months  in  this  \icinity,  and  would  protect 
us  in  pradicnlly  ever>'  instance.  It  was  also  found  in  these 
tests  that  a  color  would  have  different  fading  qualities  accord- 
ing to  the  other  ingredient^s  used  with  it,  and  that  some 
.supposedly  fa.st  inks  would  fade.  The  Fade-0-Meter  Com- 
pany has  since  published  results  showing  that  40  hrs.  are 
equivalent  to  30  days'  posting  in  Chicago. 


Cigaeettk  Paper 

Outside  of  tobacco,  the  most  important  article  used  in 
cigarette  manufacture  is  the  paper.  It  must  be  odorless, 
tasteless,  of  sufficient  opaqueness,  and  burn  evenly  with  the 
tobacco.  This  paper,  except  a  small  quantity  used  for 
special  purposes,  is  made  of  pure  linen  stock  and  an  inert 
filler,  calcium  carbonate.  The  latter  is  necessary  to  give 
the  necessary  whiteness  to  the  paper,  prevent  air  being 
drawn  through  it,  and  make  it  burn  readily.  During  the 
war  there  was  a  great  deal  of  trouble  with  poor  burning 
paper.  Very  often  cigarettes  which  would  not  stay  lighted 
would  be  found  on  the  market.  The  trouble  wa.s  found  to  be 
in  the  purity  of  the  filler.  It  really  should  not  be  called 
an  impurity  as  it  had  always  been  allowed,  and  some  manu- 
facturers claimed  it  to  be  beneficial.  It  was  found,  however, 
that  in  the  amounts  in  w'hich  it  was  occurring  it  had  a  fire- 
proofing  action  which  varied  according  to  the  type  of  tobacco 
in  the  cigarette.  Tests  were  immediatelj^  made  in  all  fac- 
tories on  every  reel  of  paper.  One  factory  alone  rejected 
1000  reels,  which  would  have  made  40,000,000  cigarettes. 
The  effect  on  the  brands  of  this  large  amount  of  bad  burn- 
ing cigarettes  can  be  imagined. 

At  about  the  same  time  cigarettes  having  a  foreign  odor 
appeared  on  the  market.  This  odor  was  also  located  in  the 
paper,  and  tests  were  installed  in  the  factories  to  prevent  any 
such  paper  being  used.  The  cause  was  not  determined  until 
some  time  later  when  it  was  traced  to  the  bleach  used  in 
the  cleaning  of  the  hnen  stock.  Almost  all  cigarette  paper 
comes  from  France,  and  the  manufacturer,  because  of  war 
conditions,  had  to  find  a  new  supply  of  bleach.  This  he 
obtained  from  Switzerland  where  spring  water  was  used  in  its 
manufacture.  This  water  contained  a  trace  of  iodine  com- 
pounds which  caused  the  trouble.  It  was  not  possible  to  get 
an  iodine  reaction  in  the  paper  itself,  the  quantity  present 
was  so  slight,  yet  the  odor  was  noticeable  in  the  smoke. 

In  times  past,  manufacturers  of  cigarette  paper,  it  is  said, 
have  used  potassium  nitrate  to  aid  the  burning  quality.  This 
is  absolutely  unnecessary  when  the  paper  is  properly  manu- 
factured, and  the  right  quality  of  stock  is  used.  A  cigarette 
paper  containing  potassium  nitrate  indicates  that  the  manu- 
facturer does  not  know  how  to  control  his  process  or  he  is 
trj'ing  to  cover  up  a  case  of  poor  manufacture.  It  is  useless 
to  test  paper  which  has  been  taken  from  cigarettes  for  nitrates, 
as  nitrates  occur  naturally  in  tobacco  and  the  paper  often 
absorbs  a  sufficient  quantity  to  give  the  reaction.  Because  of 
those  war  troubles  a  great  deal  of  work  was  done,  and  is  still 
being  done,  on  cigarette  paper.  As  a  result  there  are  but 
one  or  two  manufacturers  who  make  a  paper  considered  satis- 
factory for  our  use.  Some  time  ago,  a  manufacturer  wrote 
that  he  was  glad  he  had  at  last  got  the  quality  of  his 
paper  so  that  it  satisfied  the  chemical  department. 

Adhesives 

The  matter  of  adhesives  is  a  very  important  one  with  a 
tobacco  concern,  as  they  have  to  be  of  many  quahties  and 
kinds.  Each  purpose  and  each  type  of  machine  require 
an  adhesive  of  special  properties.  Two  of  the  most  important 
I)roperties  arc  that  they  shall  be  odorless  and  transparent.  A 
short  time  ago  the  concern  furnishing  paste  used  in  cork- 
tipping  cigarettes  went  out  of  business.  No  other  concern 
was  making  this  paste  as  this  concern  had  developed  it  for  this 
special  i)urposc.  This  paste  had  already  been  analyzed  and  by 
modif>'ing  a  paste  used  for  another  purpose  our  needs  were 
immediately  met.  In  another  instance  the  revenue  stamps 
were  not  adhering  properly  to  the  cigarette  shells.  It  was 
found  that  because  of  the  printing  ink  used,  the  paste  did  not 
contain  enough  water  to  penetrate  the  surface  of  the  shell 
before  it  had  dried.     For  sealing  shipping  containers,  research 
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was  carried  out  on  various  grades  of  sodium  silicate  on  the 
market.  It  was  found  we  could  get  a  belter  bond,  increa,se 
the  speed  of  the  men,  and  use  less  silicate  by  getting  the  right 
kind.  In  some  instances  there  was  a  dilTerence  of  ."JO  per 
cent  in  the  number  of  containers  .sealed  by  two  dilTercnt 
silicates.  When  the  last  railroad  strike  occurred,  a  supply  of 
paste  for  use  in  attaching  labels  at  one  of  our  southern  fac- 
tories was  delayed.  The  lack  of  this  paste  meant  shutting 
down  the  entire  factory.  A  formula  had  previously  been 
worked  out  for  a  similar  paste,  but  it  was  not  being  used. 
This  factory  was  able  to  run  the  entire  time  by  getting  in  its 
raw  materials  by  parcel  post  and  making  its  own  paste. 
While  the  actual  value  of  this  cannot  be  figured  in  dollars 
and  cents,  the  loss  a  shutdown  would  have  entailed  will 
probably  cover  the  cost  of  the  department  for  some  time. 
This  factory  is  now  making  its  own  paste  at  a  saving  of  about 
$7500  a  year.  The  savings  on  adhesives  alone  since  the  chem- 
ical department  has  been  in  existence,  figured  on  an  accumu- 
lative basis,  are  approximately  $75,000. 

In  order  to  better  protect  cigarettes  from  drying  out,  a 
layer  of  paraffin  was  used  for  pasting  the  paper  to  the  tin- 
foil. During  the  summer  months  complaints  were  received 
about  cigarettes  being  stained.  It  was  found  that  although 
the  melting  point  of  the  paraffin  was  130°  F.,  if  kept  at  119°  F., 
it  would  become  fluid  enough  to  soak  through  the  paper. 
Furthermore,  a  container  placed  in  the  sun  would  absorb 
sufficient  heat,  so  that,  with  a  temperature  of  S9°  F.  in  the 
open  air,  the  temperature  in  the  container  reached  122°  F. 
It  was  further  found  that  in  a  mixture  of  two  paraffins  of 
different  melting  points,  the  staining  point  was  about  six 
degrees  below  the  lower  melting  point. 

Control  of  JMoistuhe  Content 

Up  to  two  years  ago  we  were  receiving  a  material  which 
varied  very  greatly  in  the  amoimt  of  moisture  it  contained, 
mechanical  impurities,  and  condition  in  which  it  was  received. 
As  a  result  there  was  a  loss  of  15  to  20  per  cent  on  all  that 
was  bought.  The  handUng  of  the  material  was  costly. 
It  was  very  hard  to  tell  whether  we  were  using  the  same  quan- 
tity each  time  or  not,  and  getting  the  material  out  of  the 
containers  was  difficult.  Often  it  would  be  fermented  and 
have  to  be  thrown  away  or  would  have  a  scorched  taste 
because  the  evaporation  had  not  been  properly  controlled. 
It  was  claimed  that  we  could  not  obtain  this  material  in  any 
other  way,  inasmuch  as  it  would  be  impossible  to  educate  the 
producers,  who  are  mostly  small  farmers.  This  material  is 
maple  sugar,  many  pounds  of  which  are  used  each  year  by 
the  tobacco  industry.  Our  present  specifications  call  for  it 
to  be  put  up  in  boxes  of  60  lbs.  each,  fined  mth  paraffined 
paper,  to  contain  not  over  7  per  cent  of  moisture  and 
not  more  than  6  per  cent  of  invert  sugar.  The  amount  of 
invert  sugar  is  a  guide  as  to  what  temperature  the  evaporation 
has  been  carried,  and  as  to  whether  the  sap  used  was  fresh  or 
fermented.  To  be  sure,  we  have  to  pay  a  higher  price  but  the 
quality  is  worth  the  increased  cost. 

Few  materials  are  so  affected  by  changes  of  humidity  as 
tobacco.  It  will  take  up  or  give  off  moisture  very  readily. 
The  writer  has  found  that  if  conditions  are  favorable,  tobacco 
will  take  on  moisture  until  it  contains  as  much  as  30  per  cent. 
Being  high  in  nitrogenous  matters,  when  the  moisture  con- 
tent becomes  too  high  it  is  apt  to  mold.  It  is  therefore  nec- 
essary for  tobacco  concerns  to  manufacture  their  goods  under 
absolutely  sanitary  conditions  to  prevent  a  very  large  loss  in 
returned  goods.  It  has  been  found  necessary  in  one  or  two 
instances,  especially  in  cigar  factories,  to  close  the  factory  and 
fumigate  with  formaldehyde  to  get  rid  of  the  mold  spores. 
To-day  probably  99  per  cent  of  the  tobacco  wliich  becomes 
moldy  is  through  no  fault  of  manufacture,  but  because  of  the 


conditions  in  small  retail  stores.  Yet,  the  manufacturer,  in 
order  to  protect  his  brands,  must  keep  moldy  goods  off  the 
market  and  suff(>r  the  loss  for  which  he  is  not  to  blame. 
He  has,  however,  made  wonderful  progress  in  this  respect, 
when  it  is  ccmsidcred  that  the  state  of  Texas  probably  accounts 
for  25  per  cent  of  the  moldy  tobacco  of  the  whole  United 
States  and  the  states  bordering  the  Gulf  of  Mexico  account 
for  75  per  cent.  Last  fall  the  writer  saw  a  box  of  tobacco 
manufactured  in  1908,  and  although  this  had  been  in  a  retail 
dealer's  store  for  twelve  years  the  tobacco  was  in  excellent 
condition.  During  the  first  three  months  of  this  year, 
cigarettes  manufactured  during  1921  showed  but  one  moldy 
out  of  every  140,000  manufactured.  WTien  it  is  considered 
that  some  of  these  had  been  on  the  market  for  fourteen 
months,  the  extreme  care  used  in  manufacture  and  packing  is 
evident.  The  manufacturer  who  does  not  understand 
thoroughly  the  necessity  of  the  utmost  cleanliness  in  his 
plants  will  find  himself  in  all  kinds  of  trouble. 


During  the  war  we  were  shut  off  from  the  source  of  supply  of 
a  very  important  material.  A  similar  product  was  native  to 
America  but  had  never  been  gathered.  On  testing  out  the 
American  variety  it  was  found  to  be  perfectly  suitable,  and, 
if  anything,  better  suited  to  our  needs.  Up  to  the  present 
time  we  have  been  able  to  obtain  all  we  need  from  American 
sources,  and  unless  something  unforeseen  happens  shall  not 
return  to  the  use  of  the  foreign  variety. 

Thus  the  chemist  has  his  place  in  the  tobacco  industry, 
and  has  assisted  in  its  forward  progress  the  same  as  he  has 
elsewhere.  Although  he  is  not  yet  able  to  be  of  the  assistance 
he  would  like  to  be  in  the  maturing,  curing,  aging,  and  prepa- 
ration of  tobacco  for  the  machines,  because  of  his  limited 
understanding  of  plant  processes,  there  are  problems  arising 
every  day  where  his  services  are  of  value.  He  cannot  intro- 
duce the  characteristics  of  one  tobacco  into  another,  make 
good  burning  tobacco  out  of  poor,  or  fight  colored  out  of  dark, 
for  the  reason  that  it  is  impossible  to  dissolve  out  one  sub- 
stance without  removing  others  which  are  necessary,  and 
he  cannot  add  something  to  tobacco  in  the  same  way  that 
nature  does.  The  chemist  has  been  of  great  assistance  to  the 
farmer  in  the  control  of  liis  soil,  fertifizer,  and  insect  pests, 
and  rotation  of  his  crops  to  obtain  the  greatest  yield.  But 
if  a  manufacturer  wants  more  Turkish  he  must  import  more; 
Virginia  tobacco  cannot  be  changed  into  Burley,  or  Burley 
into  Perique.  If  a  meUow  tobacco  is  wanted  it  must  age  for 
from  two  to  three  years.  Perhaps  in  the  future  the  chemists 
will  solve  these  problems. 


Royalties  received  from  the  production  of  minerals  on  leased 
public  lands  are  becoming  quite  an  important  item  of  Federal 
revenue.  The  Bureau  of  Mines  reports  receipts  totaling  So, 766,- 
507  to  June  30,  1922,  from  the  production  of  oil,  gas,  and  gasoline 
in  the  states  of  Wyoming,  Montana,  and  California.  Oil  and 
gas  royalties  are  now  being  reported  in  excess  of  half  a  million 
dollars  per  month,  receipts  for  June  1922  amounting  to  $565,199. 
Royalties  from  the  production  of  oil,  amounting  to  $550,708, 
constitute  the  bulk  of  the  June  1922  receipts.  Royalties  on  gas 
amounted  to  $11,719,  and  on  a  natural-gas  gasoline  were  $2771. 


Reports  made  to  the  United  States  Bureau  of  Mines  by  all 
manufacturers  of  permissible  explosives  covering  the  year  1921 
show  that  93.5  per  cent  of  such  explosives  sold  during  that  year 
belong  to  the  ammonium  nitrate  class.  The  total  quantity  of 
commercial  ammonium  nitrate  used  in  permissible  explosives 
during  1921  aggregated  25,381,-500  lbs.  The  total  quantity 
of  nitroglycerin  and  "moditied"  nitroglycerin  used  in  permissible 
explosives  aggregated  3,974,000  lbs.,  for  the  manufactiu-e  of  which 
approximately  1,766,000  lbs.  of  glycerol  were  used.  By  "modi- 
fied" nitroglycerin  is  meant  the  products  obtained  by  the  nitra- 
tion of  a  mixture  of  glycerol  and  certain  compounds. 
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Recent  Contributions  of  Chemistry  to  Photography 


By  S.  E.  Sheppard 
Eastma.n  Kodak  Co.,  Rochester,  N.  Y. 


AD\'ANCE  in  photography  in  the  last  two  years  has 
not  been  marked  by  radical  innovations  such  as  new 
processes,  but  rather  by  a  deepening  of  knowledge 
of  fundamental  processes  and  the  opening  up  of  new  points 
of  \'icw.    At  the  same  time  the  sum  of  progress  in  all  direc- 
tions, tlieoretical  and  applied,  has  been  con- 
siderable.   The  re\icwer  has  had  to  con- 
dease  this  article  from  a  preliminary  sur- 
vey of  some  four  times  its   present  mag- 
nitude, and  even  then  scant  justice  was 
done  to  the  more  important  subjects.   The 
present   review    is,    therefore,    selective; 
many   interesting    items  must    pass    un- 
noticed, and  others  be  only  imperfectly 
documented. 

Support  or  Base  for  Se.nsitive 
coatixgs 
Many  new  compositions  of  cellulose,  and 
of  its  nitrates  and  acet.ites,  have  been  pat- 
ented, as  well  as  new  methods  of  manu- 
facture of  the  acetates.  The  number  of 
commercially  available  solvents  appears  to 
be  increasing,  and  in  this  connection  the 
hydrogenation  derivatives  of  benzene  and 
naphthalene  show  promi.se. 

r,  r-  » ,  S.  E.  Sbbppard 

Gelatin  and  Emul.sifyino  Media 
During  the  past  two  years  contributions  of  physical  chem- 
istry to  the  technology  of  gelatin  and  glue  have  continued. 
The  writer  has  dealt  recently  with  the  role  of  gelatin  in  the 
photographic  process,'-*  and  a  brief  account  must  suffice. 
The  function  of  gelatin  in  photography  has  two  main  as- 
pects: first,  in  emulsion  making;  second,  as  a  colloid  ve- 
hicle of  the  developable,  developing,  and  developed  image. 
Of  the  former,  the  statement  of  B.  V.  Storr'  on  the  insuffi- 
ciency of  the  physical  properties  as  guides  to  the  suitability 
of  gelatins  for  emulsions  and  the  relative  unimportance  of 
the  more  ob%iou3  chemical  properties  holds  tnie.  In  this 
connection  a  paper  by  F.  L.  Scymour-.Iones'  on  the  "Chemi- 
cal Constituents  of  Skin"  deserves  note  as  a  compact  and 
up-Uxlate  account  of  the  proteins  and  albuminoids  of  hide 
substance. 

On  the  second  count,  progress  has  been  steady.  H.  R. 
Procter's  theory  of  swelling'  as  a  function  of  chemical  combi- 
nation has  been  mathematically  and  experimentally  con- 
finned  by  J.  A.  Wilson*  and  by  ,1.  I^oeb.'  The  last  named 
has  cogently  demonstrated  the  unique  importance  r)f  the 
hydrogen-ion  concentration  for  all  primary  physical  and 
chemical  rractions  of  the  ampholyte,  gelatin.  Donnan's 
ni"i'  '  'ilirium   and   the  determination  of  pH  are 

lik'  ilinost  as  fundamental  importance  for  photo- 

BT'i;  -  as  for  tanning.    The  depressing  action  of 

neulrul  salu  on  swelling  in  presence  of  alkaline  developers 
is  in  agrrcmcnt  with  this  result.' 

It  is  lik.  ly,  hiiwevcr,  that  some  part  remains  for  the  .sus- 
pensoid  rcilnirl  ilifi.ry,  ixirlicul.^rly  after  treatment  of  gela- 
tin with  dehydrating  anfl  tanning  agents.  The  important 
contributions  of  R.  H.  Bog\ip,»  C.  R.  Smith,*  and  II.  Oakes"> 
to  the  structure  theory  of  gelatin  solutions  and  jellies  dem.ind 
notice  in  this  same  connection,  as  also  the  development  of 


more  precise  methods  of  measurement  of  such  properties 
as  "jelly  strength"  (elasticity),  "setting  point,"  viscosity, 
etc."  Moreover,  from  the  photograpliic  standpoint,  the 
nonisotropic  character  of  the  swelling  and  drying  of  gelatin 
jellies  is  of  considerable  importance,  and  the  writer  and  F. 

A.  Elliott'-  have  suggested  that  this  and 

certain  hysteresis  factors  can  be  explained 
without  internal  structure  theories. 

While  nothing  has  yet  displaced  gelatin 
as  general  carrier  for  sensitive  salts,  men- 
tion may  be  made  of  J.  Rheinberger's" 
work  on  modifications  of  collodion,  and 
on  the  Cellophane  Company's"  processes 
for  utilizing  viscose  cellulose  as  carrier  of 
siher  halidcs,  generally  formed  by  impreg- 
nation. 

Negative  Emulsions,  and  the 
Latent  Image 
With  respect  to  fundamental  negative 
material   of   photography,    the    gelatino- 
silver  bromide  emulsion,   no  small  prog- 
ress is   to   be    recorded.     It   was   known 
that  in  coarser  grained  emulsions  the  grains 
were  crystalline,    and    investigations    in 
the  Research  Laboratory  of  the  Eastman 
Kodak  Company"  have  shown  that  the 
crystals  are  entirely   of  the  regular  sys- 
tem, and  the  diakisdo-decahedral  class.    This  remains  true 
for  solid    (homogeneous)    solutions  of  bromide  and  iodide. 
Wilsey"  has   shown  that  the  effect   of   the   iodide   is   to 
change  the  lattice  spacing  somewhat,   also  that  the  grains 
of  the  finest  colloid  emulsions  are  cr3'stalline,  of  the  same 
system.     The  suggestion  of  Trivelli  and   Sheppard"  that 
"silver  iodide  acts  as  a  crystallization  buffer  substance*  *  *  * 
restricting  increase  in  size  of  grain"  was  confirmed  by  C.  A. 
Schleu.ssner  and  H.  Beck"  in  a  study  of  primary  gelatino- 
iodo-bromide  emulsions.    Precipitation  of  iodide  with  bro- 
mide lessens  the  crystallization  of  the  grains.     They  also 
note  that  the  optimum  iodide  content  depends  upon  the 
emulsification  process,  and  lies  between  I  and  5  per  cent. 
An  interesting  optical  sensitizing  effect  for  red  light  by  io- 
dide (and  cyanide),  discovered  by  F.  F.  Renwick,"  has  been 
shown  by  Sheppard'"  to  be  specific  to  certain  emulsions. 
While  Renwick  attributes  it  to  a  direct  coagulating  effect 
on  silver  amicrons  already  present,  Sheppard  suggests  that 
it  is  due  to  an  orienting  effect  of  iodide  on  colloid  silver  formed 
by  exposure  itself.     The  panchromatic  .sensitizing  by  bath- 
ing plates  in  bisulfite  followed  by  alkaline  washing,  observed 
by  Capstaff  and  Bullock,^'  is  also  attributed  to  optical  sen- 
sitizing by  colloid  silver,  in  line  with  Luppo-Cramer's  original 
fliscovery. 

The  distribution  of  sizes  of  grain  in  an  emulsion  as  affect- 
ing its  photographic  properties,  attention  to  which  was  first 
directed  by  Mees,  has  become  the  subject  of  important  work. 
R.  Slade  and  G.  I.  Higson-^  broke  ground  in  this  direction, 
correlating  the  steep  gradation  of  "photomechanical  process" 
plates  with  uniformity  of  grain  size.  This  has  been  ques- 
tioned by  Renwick,"  but  seems  to  have  a  limited  validity, 
provided  the  sensitivity  distribution  follows  the  size.  The 
general  question  of  the  relation  of  sensitivity  of  grains  to 
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their  size  has  been  hroiii^ht  to  the  fore  by  The.  Svedberg^^ 
and  collaborators.  This  well-known  colloid  chemist  intro- 
duced a  very  valuable  method  of  grain  analysis;  preparing 
ft  one-grain  layer,  in  a  manner  similar  to  that  of  other  workers, 
after  definite  exposure  stei)s  and  development  he  removed 
the  developed  silver  grain  with  a  silver  solvent.  He  was 
thus  able  to  determine  by  difference  counts  and  size  measure- 
ments the  grains  made  developable  by  light  (and  other 
agencies,  as  X-rays,  a-rays,  hydrogen  peroxide)  and  found 
not  only  that  grains  of  the  same  size  might  have  different 
sensitivity,  but  also  that  within  the  same  emulsion  the 
8enslti\'ity  increased  with  size  of  grain.  The  size-classi- 
fication methods  used  by  Svedberg  were  comparatively 
rough.  More  precise  and  closer  methods  have  been  developed 
and  used  by  E.  P.  Wightman  and  S.  E.  Shepj^ard.^'  and  by 
Wightman,  Trivelli,  and  Sheppard,-'  by  which  the  size- 
frequency  curves  of  a  large  number  of  emulsions  of  widely 
differing  "speeds,"  etc.,  have  been  measured.  These  results 
ehow  again  a  very  general  correlation  of  "speed"  with  grain 
size.  In  their  work  Svedberg  and  Anderson  found  in  the 
case  of  a-rays  that  the  projective  area  of  a  grain  determined 
its  chance  of  being  hit,  and  referred  to  the  possibility  that 
exposure  to  light  might  follow  a  similar  law,  if  light  had  a 
discrete  nature,  as  suggested  by  Einstein  and  J.  J.  Thom- 
son. A  "normal"  law  of  exposure,  based  on  such  a  hypothe- 
sis, had  already  been  suggested  by  Ross;='  the  hypothesis 
was  mathematically  developed  by  L.  Silbcrstein-'  on  the 
assumptions  (a)  that  a  grain  becomes  developable  when 
fully  hit  by  one  quantum,  and  (6)  that  the  chance  of  being 
hit  is  proportional  to  the  projective  area  of  a  grain  or  con- 
tiguous clump  of  grains.  Silberstein's  formula  found  close 
experimental  confirmation  by  A.  P.  H.  Trivelli  and  F.  L. 
Rightcr-'  using  Svedberg's  procedure.  This  result  raises 
the  issue,  whether  the  variable  "sensitivity"  of  grains  of  the 
same  emulsion  is  purely  a  question  of  projective  area  and 
quantum  encounter,  or  whether  inherent  sensitivity  differ- 
ences exist;  such  differences  are  feasible  on  the  hj-pothesis 
that  the  grains  contain  reduction  nuclei,  e.  g.,  the  "Rei- 
fungs-Keime"  suggested  by  J.  M.  Eder,  and  by  the  existence 
of  which  Liippo-Cramer^"  has  interpreted  many  interesting  ob- 
servations. In  fact,  in  the  second  Hurter  and  Driffield  Me- 
morial Lecture,  F.  F.  Renwick,^'  after  ably  marshaling  the 
strong  evidence  that  the  latent  image  consists  of  colloid  silver 
dispersed  in  silver  haMde,  suggested  that  its  formation,  at  any 
rate  in  "high  speed"  plates,  is  due,  not  to  photochemical  de- 
composition of  silver  halide,  but  solely  to  a  photoelectric 
coagulation  of  sUver  amicrons  to  neutral  particles  capable  of 
acting  as  nuclei  in  development.  I'his  view  has  been  criti- 
cized,''' but  there  exists  considerable  evidence  for  a  primary 
role  of  sensitizing  nuclei.'^  The  issue  has  been  more  sharply 
defined  by  very  recent  work  of  Svedberg.'*  He  has  refined 
his  method  of  grain  analysis  by  utiUzing  M.  B.  Hodgson's" 
observation  that  on  early  interruption  of  development  of 
a  single  grain  layer,  development  is  found  to  have  commenced 
at  one  or  more  centers  in  the  grain.  Svedberg  assumes 
that  these  centers  are  distributed  according  to  the  laws  of 
chance,  and  a  grain  becomes  developable  if  possessing  one 
or  more  of  a  certain  size.  The  probability  expre.ssion  derived 
for  relation  to  size  of  grain  and  chance  of  developability 
agreed  with  obser\'ations  for  two  size-classes  of  grains  ex- 
posed to  Light  and  X-rays.  The  outcome  of  work  in  this 
direction  is  of  capital  importance,  not  only  for  the  theory  of 
photographic  emulsions,  but  for  radiation  theory. 

Developers  and  Development 
The  gamut  of  photographic  possibilities  is  fairly  well 
covered  by  existing  developing  agents.    Hence  the  intro- 
duction of  new  ones,  if  photographically  adequate,  is  likely 
to  depend  mainly  on  production  cost.    p-Amino-carvacrol, 


derived  from  p-cymene,"  a  by-product  of  the  pulp  industry, 
has  not  come  into  use.  "Ncol"  (p-amino-salieylic  acid) 
introduced  by  Hauff  &  Company  with  the  usual  claims  of 
abnormal  capabihties,"  has  been  found"  to  belong  to  the 
"slow"  group,  like  hydroquinonc.  A  useful  review  of  organic 
developers  has  been  made  by  A.  and  L.  LumiSre  and  A. 
Seyewetz."  These  authors  also*""  find  that  the  reported 
developing  properties  of  the  leuco-bases  of  rosaniline  dyes" 
were  probably  due  to  impurities.  The  question  of  coasti- 
tution  has  been  further  discussed  by  B.  Homolka,"  who 
concludes  that  the  failure  of  gallic  acid  and  protocatechuic 
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OH\/COOH 

OH 
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acid  to  develop  is  due  to  anhydride  condensation  between  the 
COOH  and  a  para-OH  group;  if  prevented,  such  substances 
develop.  The  possibility  of  more  accurately  relating  con- 
stitution to  developing  power  (as  reduction  potential) 
is  increased  by  A.  Nietz'"  work  on  the  physical  chemistry 
of  development,  particularly  by  his  improvement  of  Shep- 
pard's  method  of  determining  reduction  potentials  by  bromide 
depression  of  density.  The  formation  of  an  initial  adsorp- 
tion compound  of  developer  and  silver  haUde  is  suggested 
and  experimentally  supported  by  Sheppard  and  Meyer.** 
Such  adsorption  effects,  including  both  displacement  of 
one  adsorbent  by  another,  and  incipient  peptization,  prob- 
ably play  a  large  part  in  the  effects  observed  by  Liippo- 
Cramer"  of  dyes  in  development.  These  included  accelerat- 
ing, restraining,  and  fogging  effects.  A.  Steigman*'  has 
brought  out  interesting  results,  bearing  on  the  difference 
between  physical  and  chemical  development,  in  his  studies 
in  the  reduction  of  silver  solutions  by  sodium  hyposulfite. 
In  relation  to  manufacture,  a  process  assigned  to  The  Bar- 
rett Company"  for  the  catalytic  oxidation  of  benzene  to 
quinone  is  of  interest,  and  one  of  F.  F.  Kitchin'"  for  the 
electrolytic  oxidation  of  benzene  in  10  per  cent  sulfuric 
acid  to  quinone,  while  the  electrolytic  manufacture  of  p- 
amino-phenol"  has  been  described  by  A.  S.  MacDaniel 
and  collaborators. 

Desensitizing  and  Desensitizees 

Logically  this  should  be  discussed  in  connection  with  emul- 
sions and  the  latent  image.  Practically,  Liippo-Cramer's 
noteworthy  discoveries  have  joined  it  up  with  development. 
Following  up  his  observations  on  the  desensitizing  action 
of  organic  developers,  notably  amidol,  he  found  tliis  due  to 
their  oxidation  products.'"  This  led  him  to  search  for  dyes 
that  might,  in  small  quantities,  act  as  desensitizers  in  de- 
velopment. In  phenosafranine"  he  found  a  desensitizer, 
such  that  pre-treatment  for  1  min.  in  a  1:2000  solution 
allowed  an  exposed  plate  to  be  developed  in  strong  yellow 
light;  by  addition  to  the  developer  white  light  could  be  used." 
In  many  cases,  however,  the  alkalinity  of  the  developer 
precipitates  the  free  dye  base.  Besides  dyes  of  the  saf- 
ranine  class,  Methylene  Blue,  Auramine  0,  and  BriUiant 
Green  were  found  effective,  but  Uable  to  fog.  This  fogging 
appears  to  be  general  for  basic  dyes,  but  may  be  neutrahzed 
by  acid  dyes,  such  as  Erythrosine,  without  destroying  the 
desensitizLDg  effect.  In  a  later  paper,  Liippo-Cramer*' 
concludes  that  this  type  of  desensitizing  is  an  oxidation 
process,  affecting  the  nascent  latent  image.  The  apparent 
improbability  of  an  oxidation  process  occurring  in  the  pres- 
ence of  developers  of  high  reduction  potential  is  met  by 
A.  Steigman*'  with  the  suggestion  that  the  desensitizer 
is  adsorbed  strongly  compared  with  the  developer. 
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Fixing  .\nd  H.\rdeni.vg 


The  physical  chemistry  of  the  acid-fixing  bath  in  relation 
to  gelatin"  has  been  investigated  by  Sheppard  and  collabo- 
rators." The  reinforocinent  of  the  action  of  formalin  by 
salts  such  as  sodium  sulfate,  for  hardening  prior  to  develop- 
ment has  been  patented  in  England."  In  the  recover}'  of 
silver  from  waste  "hypo"  the  zinc  dust  method  has  been 
considerably  used."  and  A.  Steigman"  has  proposed  the  use 
of  sodium  hyposulfite. 

Inte.vsification  axd  Reduction 

Besides  the  application  of  various  toning  proces.ses  to 
intensification,  the  only  noteworthy  item  is  the  modifica- 
tion of  Lumi^re  and  Seyewetz"  of  the  chromium  inteasi- 
fication  process  Ijy  the  use  of  salts  of  chlorochromic  acid. 
These  authors  also  discuss  the  use  of  p-quinone"  in  intensi- 
fication, bleaching,  and  reduction.  The  chemistry  of  per- 
sulfate  reduction  has  received  considerable  attention.  The 
importance  of  acidity  w.-us  brought  out  by  Lumitirc  and  Se}'e- 
wetz"  while  S.  E.  Sheppard  (with  A.  R.allard)"  and  G.  I. 
Higson"  have  shown  that  silver  ions  catalyze  the  decompo- 
sition of  persulfate  in  the  reaction  SjOj"  -|-  H2O  — >-2HS0,' 
-f  0. 

Positive  Processes 

F.  Weigert's  work  on  print-out  proccs.«cs  has  been  noted. 
The  photochemistry  of  thallous  chloride  is  discussed  by 
C.  Renz."  J.  M.  Kder"  has  used  the  light  .sensitiveness 
of  leuco-ba.«es  of  dyes  in  collodion  for  actinometry.  Donis- 
thorpc's  dye-imprc.s.sion  process,  for  making  color  prints  on 
paper  or  other  gelatin  coated  base  by  imbibition  from  a 
difTcrentially  dyed  negative,  has  been  further  developed.*^ 
A  dye  printing  process  of  the  Badische  Company  is  discussed 
by  Eder."  F.  Fonnstecher"  has  given  a  good  account  of 
the  theorj'  of  the  print-out  process  in  relation  of  tone  to  sub- 
division, while  R.  Schwarz  and  H.  Stock"  found  that  the  re- 
lejisc  of  l)ronniio  from  exposed  silver  bromide  approximately 
paralleled  the  photographic  blackening. 

ToOTNO 

The  most  important  advance  in  toning  processes  is  dye 
mordanting.  In  this,  the  silver  image  is  converted  either 
into  an  insoluble  silver  compound  mordanting  dye,  as  in 
TrauiK''s  diachronie  process  with  silver  iodide,  or  eventually 
into  other  insoluble  inorganic  compounds  capable  of  mor- 
danting. .1.  M.  ULancy^"  has  patented  conversion  of  the 
image  to  stannic  ferrocyanide;  F.  E.  Ives''  bleaches  the 
image  with  potassium  ferrocyanide  and  chromic  acid  to  mor- 
dant basic  dyes;  a  copper  salt  is  proposed  by  J.  H.  Christ- 
en.sen,'*  and  in  a  British  patent  A.  Traiibe"  describes  general 
methods  for  production  of  double  salts  of  copper,  uranium, 
iron,  etc.,  to  l)e  dyed  with  basic  dyes.  The  use  of  iron  toned 
images  for  mordanting  dyes  was  patented  by  J.  I.  Crabtree.'* 

Color  Sensitizixo 

Apart  from  dye  toning,  the  chief  contribution  of  chemistrj' 
to  color  photography  is  in  dyes  for  optical  sensitizing  and 
.lelectivo  ."creening.  The  imimlse  given  by  the  war  to  in- 
vestigation and  production  of  such  dyes  in  America,  Brit- 
ain, anrl  Frnnre  has  l>epn  continued.  The  isocyanines,  re- 
smltine  from  the  condensation  of  quinolino  alkiodides  or 
quinaMiiw  dkiiHlides  by  alkaline  hydroxides,  have  been 
investiK.'iiid  ven,-  fully  bv  W.  .1.  Pope  :md  W.  H.  Mills,"  al- 
though tlie  rrlfttions  advanced  between  actual  sensitizing 
power  and  constitution  can  only  be  regarded  as  provisional. 
The  term  carbocyanines  has  lieen  assigned  by  these  authors'* 
to  the  important  group  (of  which   Pinacyanol  =  Sensitol 


Red  is  the  chief)  of  dyes  produced  by  the  condensation  of  two 
molecules  of  quinaldine  alkiodide  with  one  of  formaldehyde 
in  presence  of  alkalies.  W.  H.  ]Mills  and  F.  M.  Hammer" 
assign  to  pinacj'anol  the  constitution 


CH.CH:CH 
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This  is  derived  from  its  mode  of  formation,  its  content  of 
two  nitrogen  atoms  but  only  one  acid  equivalent,  its  molec- 
ular weight,  and  products  of  oxidation.  The  3-carbon 
linkage  :CH.CH:CH  is  the  feature  distinguishing  carbo- 
cyanines from  isocyanines.  E.  0.  Adams  and  H.  L.  Haller" 
have  described  a  series  of  dyes,  termed  kryptocyanines, 
obtain(>d  from  lepidine  alkyliodides,  formaldehyde,  and 
alkali;  absorption  maximum  near  700/u/i,  sensitizing  at 
740/n/i.  A  general  article  on  the  cyanine  dyes  is  due  to  0. 
Fischer  and  Z.  Scheibe"  while  A.  and  L.  Lumi^re  and  H.  Bar- 
bier'"  have  described  a  new  series  of  sensitizing  cyanine 
dyes.  Pantochrome  from  the  condensation  of  dimet.hyl- 
amino-quinaldine  with  dimethylaminobenzaldehyde  showed 
a  ne.'irly  uniform  action  up  to  700 — ,  with  a  slight  minimum 
in  the  blue-green.  Pinaflavol,  a  new  sensitizer  for  green,  is 
described  by  E.  Konig"  and  ,1.  M.  Eder'^  as  superior  to  pin.a- 
overdol. 

The  effects  of  i.somerism  and  substitution  in  the  isocyanines, 
on  absorption  and  sensitizing,  are  dealt  with  by  F.  M.  Ham- 
mer.'' I'he  reviewer,  from  a  comparison  of  his  own  former 
work  with  later  experience,  cannot  regard  the  values  of 
sensitizing  powers  given  as  definitive,  since  so  much  depends 
(m  purification  and  methods  of  sensitizing.  On  the  latter, 
the  article  by  F.  M.  Walters  and  R.  Davis'''  and  the  develop- 
ment of  so-called  "hj'persensitizing"  by  the  use  of  ammonia, 
alcohol,  and  water''  may  be  studied.  A  recent  jiaper  by  Mills" 
describes  a  new  cyanine  type  of  the  benzothiazolo  series, 
resembling  isocyanines  in  having  a  :GH  linkage;  also  ana- 
logs of  the  carbocj-anines. 
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Glass  Technology 

By  George  W.  Morey 


GnopriYsicAi,  Lad 


ATOHY     CaKNIIGIB    INSTITUTION   OF   WASHINGTON, 

Washington,  D.  C. 


A  course  in  chemistry  is  now  required  in  all  the  schools  of  the 
Pennsylvania  State  College.  In  the  Schools  of  Agricultiu-e, 
Engineering,  Mines,  Natural  Science,  and  Home  Economics, 
various  specialized  courses  are  given,  while  in  the  School  of  Lib- 
eral Arts  only  a  course  in  general  chemistry  is  required,  though 
others  may  be  elected.  In  order  that  all  departments  and  schools 
of  the  college  may  be  expanded  in  preparation  for  the  develop- 
ment of  the  institution  into  the  Pennsylvania  State  University, 
a  campaign  for  $2,000,000  is  now  being  carried  on. 


THE  WAR  period  i)receding  that  under  review  was 
marked  by  extraordinary  activities  in  the  field  of  glass 
technology,  and  it  is  to  be  expected  that  the  period 
of  business  depression  through  which  we  have  been  passing 
should  show  a  diminution  in  activity.  While  such  a  diminu- 
tion has  taken  place 
and  while  no  such  de- 
velopments as  that  of 
pyrcx  glass  or  the  re- 
markable upbuilding 
of  the  optical  gla.ss  in- 
dustry during  the  war 
are  to  be  chronicled, 
still  the  development 
of  the  industrj'  has 
been  steady  and  [the 
technologic  advances 
important. 

In  the  line  of  funda- 
mental research  prob- 
ably the  most  out- 
standing contribution 
has  been  the  compre- 
hensive paper  by 
Adams  and  William- 
son on  the  annealing 
of  glass,  for  which  the 
authors  were  awarded 
the  Longstreth  Medal 

by  the  Franklin  Institute  of  Philadelphia.  Glass  annealing  is 
an  ever-present  problem  in  all  branches  of  the  industry,  the 
solution  of  wliich  has  been  in  the  past  groped  for  in  the  dark. 
It  had  not  been  realized  that  "slow  cooling"  was  not  sufficient 
to  ensure  good  annealing;  to  be  sure,  slow  cooling  is  essential 
at  a  certain  stage  in  the  process,  but  most  commercial  installa- 
tions succeed  in  cooling  ware  too  rapidly  in  its  critical  stage, 
and  draw  out  the  cooling  to  unnecessarj'  lengths  when  the 
necessity  for  control  has  passed.  Adams  and  Williamson 
have  given  a  striking  illustration  of  the  possibilities  in  care- 
fully controlled  annealing.  As  is  well  known,  optical  glass 
must  satisfy  particularly  rigid  specifications  in  the  matter  of 
strain,  and  the  type  of  glass  kno^-n  as  borosilicate  crown  is 
particularly  difficult  to  anneal.  Yet  by  precise  furnace 
control,  guided  by  the  very  definite  rules  which  they  have 
given,  they  were  able  to  anneal  a  slab  of  borosilicate  crown 
2  cm.  (0.8  in.)  thick  in  4  hrs.  and  50  min.  from  the  time 
the  cold  glass  was  placed  in  the  cold  furnace.  Annealing 
problems  as  difficult  as  this  are  not  common  in  practice; 
yet  it  is  not  unusual  for  daj's  to  be  given  to  poorly  anneal  the 
more  tractable  plate  glass  of  the  same  thickness.  By  the 
application  of  scientific  methods  superior  annealing  could 
be  obtained  in  less  time,  thereby  releasing  equipment, 
increasing  production,  and  decreasing  cost.  Adams  and 
Wilfiamson's  paper  is  noteworthy  in  that  it  not  only  dis- 
cusses the  annealing  of  glass  from  the  scientific  viewpoint, 
but  also  gives  explicit  detailed  instructions  for  the  annealing 
of  various  types  of  glass  in  various  thicknesses.  A  note- 
worthy instance  of  the  successful  application  of  these 
results  is  the  40-in.  reflector  disk  manufactured  in  this  country 
during  the  past  year,  an  achievement  described  in  the  June 
issue  of  This  Joubnal. 
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The  relation  of  the  physical  properties  of  glass  to  chemical 
constitution  is  of  fundamental  importance  in  glass  tech- 
nology, and  several  investigators  have  been  active  in  this 
field.  In  this  countrj-  the  acti\-ity  is  chiefly  shown  in  the 
number  of  composition  patents  that  have  been  issued,  in- 
cluding patents  on  a  glass  which,  while  opaque  to  visible 
radiation,  transmits  the  infra-red,  and  also  on  a  glass  which, 
while  opaque  to  the  ^^sible,  transmits  the  ultraviolet.  An 
industrial  development  of  technical  importance,  especially 
in  the  application  of  automatic  machines,  is  the  conversion  of 
the  electric  light  bulb  from  a  lead  glass  to  a  lime-magnesia 
glass  which  can  be  melted  successfully  in  tanks.  Attention 
should  also  be  called  to  the  work  of  Peddle,  published  in  the 
Journal  of  the  Society  of  Glass  Technology,  which  is  the  most 
complete  and  extensive  study  of  the  relation  between  chem- 
ical composition  and  phy.^ical  properties  that  has  yet  appeared. 
The  work  to  date  includes  the  soda-potash-lime,  the  soda- 
potash-lead,  and  the  soda-potash-barium  glasses.  The  phys- 
ical properties  determined  are  primarily  those  of  interest  to 
the  optical  glass  manufacturer:  refractive  index,  dispersion, 
comparative  "fusibility,"  and  resistance  to  weathering  and 
to  the  action  of  reagents,  these  latter  properties  being  of  im- 
portance in  all  branches  of  the  industry.  The  important 
factor  of  viscosity  has  not  been  determined  in  these  extensive 
experiments,  but  that  is  a  problem  in  itself,  a  problem  the 
study  of  which  is  still  awaiting  the  development  of  a  satis- 
factory t«chnic.  Attention  is  being  given  this  problem, 
however,  both  by  the  manufacturers  themselves  and  by  such 
institutions  as  the  Department  of  Ceramics  of  the  University 
of  Illinois  and  the  Bureau  of  Standards,  and  it  is  to  be  hoped 
that  we  w-ill  soon  have  not  only  methods  but  also  data  at  our 
disposal.  Much  additional  work  is  necessary  in  order  to  satis- 
factorily correlate  physical  properties  with  chemical  consti- 
tution, and  the  subject  appears  the  more  difficult  as,  with  the 
more  accurate  determination  of  physical  properties,  the  futil- 
ity of  attempting  to  represent  any  property  of  a  glass  on  a 
purely  coUigative  basis  becomes  apparent. 

P\irely  technical  developments  have  followed  the  hnes 
laid  out  in  previous  years.  Unfortunately,  there  is  still  liti- 
gation over  some  of  the  important  new  processes,  but  final 
decision  has  been  reached  in  the  "cold  bait"  patents,  of 
importance  in  several  branches  of  the  glass  industry.  A 
development  of  prime  importance,  which  has  been  fore- 
shadowed by  years  of  experiment  on  the  part  of  many  firms, 
is  the  commercial  success  of  the  sheet  glass  drawing  process, 
which  has  reached  such  a  stage  that  84-in.  sheets  can  now  be 
drawn,  and  two  drawing  machines  operated  from  one  tank. 
A  striking  development  has  been  the  rapid  extension  in  the 
field  of  application  of  glass  feeders,  and  the  development  of 
several  new  types,  though  the  Hartford-Fairmount  machine 
still  appears  to  be  in  the  lead.  A  L5-arm  machine  of  the 
Owens  type  for  bottle  work  has  been  developed.  The  field  of 
application  of  automatic  machinerj'  has  been  further  extended 
to  bulbs,  the  manufacture  of  the  latter  by  machine  being  now 
on  a  commercial  basis.  The  semi-automatic  machine  has 
been  successfully  appUed  to  tumblers  and  thermos-bottle 
liners.  It  appears  probable  that  the  next  few  years  will  see  a 
still  more  widc-^prcad  application  of  glass  feeders  and  auto- 
matic machines,  with  resulting  transformation  of  the  glass 
industry  "from  a  small  scale,  many  unit  skilled  craftsman's 
constant  personal  triumph  over  miserably  poor  and  ineffi- 
cient e<iuipmcnt  into  an  (engineering  enterj'rise  of  first  magni- 
tude."' 

This  review  has  so  far  confined  itself  to  technical  progress, 
but  progress  has  been  made  along  another  line  which  may  in 
the  last  analysis  prove  of  more  value  to  the  industry  as  a  whole 
than  the  more  purely  material  achievements.    During  the 

'  DowM  ud  Mci>h,  J.  Sot.  Clan  Tech.,  t  (1921),  182. 
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period  since  the  war,  there  has  been  developing  a  spirit  of 
recognition  not  only  of  the  value  of  scientific  research  and  con- 
trol, but  also  of  the  value  of  cooperation  and  an  esprit  de 
corps,  which  bids  fair  to  sweep  away  the  mists  of  trade  secrecy 
that  have  in  the  past  oppressed  the  glass  industry.  Two 
new  trade  journals  have  appeared,  Glass  Industry  and  The 
Glass  Container.  The  latter  of  these  is  the  organ  of  the 
Glass  Containers  A.ssociation  of  America,  itself  an  example 
of  the  new  spirit  in  the  glass  industry.  This  association  is 
not  only  supporting  a  journal,  but  has  taken  an  active  part, 
with  the  cooperation  of  the  Bureau  of  Standards,  in  the 
standardization  of  glass  containers,  and  in  encouraging  and 
supporting  research.  The  phenomenal  growi;h  of  the  Glass 
Section  of  the  American  Ceramic  Societ}%  the  only  com- 
mon meeting  ground  of  glass  chemists  and  technologists  in 
this  country,  also  shows  that  the  men  in  the  glass  industry  are 
awakening  to  a  realization  that  the  path  to  progress  is  one  of 
respect  and  cooperation,  not  one  of  secrecy  and  distrust. 


Buy  Chemicals  in  Metric  Units 

"C^ROM  time  to  time  the  Society  has  gone  on  record  as 
•*■  favoring  the  general  use  of  the  metric  system.  Our 
committee  has  accomphshed  a  great  deal  in  having  fine  chem- 
icals ordered  and  supplied  in  metric  units,  and  it  is  a  pleasure 
now  to  call  attention  to  the  hst  of  dealers  prepared  to  supply 
standard  metric  packages. 

The  Committee  on  Guaranteed  Reagents  and  Standard 
Apparatus  has  recommended  that  chemicals  be  handled  in 
multiples  of  500  g.  Its  reports  may  be  found  in  This  Jour- 
N.'^L,  12  (1920),  1206,  and  13  (1921),  473.  It  will  be  possible 
to  obtain  expensive  chemicals  in  smaller  packages  of  100  g., 
or  even  of  25,  5,  &nd  1  g.  It  is  hoped,  however,  to  avoid 
using  the  250-  and  50-g.  packages.  Pure  acids  and  ammonia 
are  being  packed  in  the  customary  bottles  in  the  following 
quantities:  NH4OH,  2  kg.;  IICl,  2.5  kg.;  HNO3,  3  kg.;  and 
H2S04, 4  kg.  When  possible  they  should  be  ordered  by  the 
case  (10  bottles). 


1  Pharmaceutical  Co.,  Paterson,  N.  J. 
A.  D.iigger  &  Co.,  ChicaKO.  III. 
Arthur  H.  Thomas  Co.,  Philadelphia.  Pa. 
Aspirin  Company  of  America 
Baker  &  Co.,  Newark,  N.  J. 
Bishop  &  Co.,  Malvern,  Pa. 
Central  Scientific  Co.,  ChicaRO,  lU. 
C.  E.  Ising  Corp.,  Flushing,  N    V. 
Chemical  Company  of  America,  New  York,  N.  Y 
Denver  Fire  Clay  Co..  Denver,  Colo. 
Dow  Chemical  Co.,  Midland.  Mich. 
Eastman  Kodak  Co.,  Rochester,  N.  Y. 
Eimer  &  Amend,  New  York,  N.  Y. 
E.  H.  Sargent  &  Co.,  Chicago,  111 
Emil  Greincr  Co.,  New  York,  N.  Y. 
Edward  P.  Dolbey  &  Co.,  Philadclph 
General  Chemical  Co.  (Baker  St  Adat 
Herrick  &  Voigt,  New  York,  N.  Y. 
Howe  &  French,    Boston.  Mass. 

^T.  Baker  Chemical  Co.,  Phillipsburg.  N.  J. 
stinian  Claire  Co  .  .San  Francisco.  Calif 
onard  Danziger.  New  York,  N.  Y. 
Merck  &  Co.,  New  York.  N.  Y. 
Michigan  Drug  Co.,  Detroit,  Mich. 
Mine  &  Smelter  Supply  Co.,  Denver,  Colo. 
Miner-Edgar  Co..  New  York,  N.  Y. 
Newark  Wire  Cloth  Co.,  Newark,  N.  J. 
Palo  Co.,  New  York,  N.  Y. 

Powers- Wcightman-Rosengarten.  Philadelphia,  Pa. 
Pyrolectric  Instrument  Co  ,  Trenton,  N.  J. 
Reynolds,  Teschner  &  Volk  Co  ,  New  York,  N.  Y. 
Schaar  &  Co.,  Chicago,  lU. 
Special  Chemicals  Co..  Highland  Park    III. 
Stewart  &  Holmes  Drug  Co.,  Seattle,  Wash. 
Wilkens-Anderson  Co.,  Chicago.  III. 
Will  Corporation,  Roclicster,  N.  Y. 
William  Gaertner  &  Co  ,  Chicago,  III, 


Dept.),  Easton,  Pa, 


All  of  the  government  bureaus,  325  universities  and  col- 
leges, and  250  firms  are  buying  in  standard  packages.  Make 
the  transition  brief  by  showing  cooperation  in  your  next 
orders. 


Sept.,  1922 
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Review  of  Analytical  Work  Applicable  to  Leather 
and  Tanning,  1920-1921' 

By  F.  P.  Veitch  and  R.  W.  Frey 
CuSMiST  :n  CiijVrgb  and  Associatb  CiiKMisr,  Lkatiikk  and  Papek  I.aboratokv,  Hurkau  op  Cukmistry,  Washington,  D.  C 


PROBABLY  few,  if  any,  of  our  important  industries 
offer  to  cliemists  as  fertile  a  field  for  research  and 
scientific  work  as  does  that  of  tanning.  Certainly 
in  no  other  industry  is  so  little  known  of  the  composition  of 
the  principal  raw  materials  and  of  the  mechanism  and  control 
of  the  fundamental  processes.  In  the  past 
few  years,  however,  there  has  been  an 
increasing  interest  and  activity  in  leather 
and  tanning  chemistry  which  is  indeed 
gratifying,  and  it  is  hoped  this  will  con- 
tinue until  the  art  of  tanning  has  been  put 
on  a  sound  scientific  basis. 

Many  problems  of  analytical  nature  are 
still  unsolved  and  probably  will  remain  so 
until  there  is  a  better  knowledge  of  the 
fundamentals  involved.  Progress  in  this 
branch,  however,  can  certainly  be  claimed, 
as  will  be  readily  realized  from  the  follow- 
ing review  of  work  done  in  the  short  space 
of  two  years. 

Tannin  Analysis 

In  tliis  country  the  work  of  Wilson  and 
Kern  on  the  hide  powder  method  of  tan- 
nin analysis  has  redirected  attention  to 
fuUy  recognized  sources  of  error  in  this 
method  and  has  also  revived  considerable 
interest  in  the  subject  by  the  rather 
startling  results  obtained.  In  their  first  paper''*  they  describe 
a  method  which  consists  essentially  of  shaking  the  tannin 
solution  with  purified  hide  powder  until  all  tannin,  as  deter- 
mined by  the  gelatin-salt  test,  has  been  removed  from  solu- 
tion. The  tanned  hide  powder  is  then  washed  free  from 
soluble  matter,  dried,  and  analyzed  for  tannin  as  in  the  regular 
procedure  for  vegetable  tanned  leathers,  and  from  this  figure 
the  percentage  of  tannin  in  the  original  material  is  calculated. 
Figures  from  comparative  analyses  of  8  conmion  tanning 
materials  by  tliis  new  method  and  by  the  official  hide  powder 
method  of  the  American  Leather  Chemists  Association 
are  from  43  per  cent  to  220  per  cent  higher  for  tannin  by  the 
latter  method,  due  chiefly  to  the  removal  by  this  method  of 
nontannins,  such  as  gallic  acid,  pyrocatechol,  and  so  on,  which 
do  not  make  leather  and  are  readily  washed  out.  The 
presentation  of  Wilson  and  Kern's  paper  brought  forth  con- 
siderable discussion^  in  opposition  to  it  and  also  quite  a  con- 
troversy between  the  authors  and  Schultz  and  Blackadder. 

The  two  last-named  authors^  in  a  detailed  study  of  the  new 
method  take  exception  to  several  assumptions  involved  in  it 
and  give  data  to  indicate  that  two  are  in  error:  namely, 
"that  there  is  a  definite  chemical  compound  formed  between 
the  tannin  in  the  tannin  solution  and  the  coUagen  in  the  hide 
powder  during  a  6-hr.  shaking,  which  chemical  compound  is 
stable  with  regard  to  water  and  also  insoluble  in  water;"  and 
"that  one  definite  chemicar  compound  is  formed  throughout 
the  whole  of  the  hide  powder  used  in  the  analysis."  They 
show  particularly  that  from  the  washings  of  the  tanned  hide 

*  Published  by  permission  of  the  Department  of  Agriculture. 

*  Numbers  in  the  text  refer  to  Bibliography  at  end  of  paper. 


powder  a  certain  amount  of  tannin  can  be  recovered  as  deter- 
mined by  the  new  method  and  that  the  tanned  hide  powder  is 
very  heterogeneous  physically,  being  made  up  roughly  of  a 
distinctly  fibrous  portion  and  a  relatively  fine  powdery 
portion.  The  last  is  more  heavily  tanned  than  are  the  coarser 
particles  and  being  so  very  fine  is  apt  to 
be  lost  during  washing.  The  loss  of  this 
relatively  tannin-rich  powder  leaves  the 
residue  proportionaUy  poorer  in  tannin 
and  causes  a  loss  of  tannin  as  determined 
by  the  new  method. 

In  further  defense  of  their  new  method 
Wilson  and  Kern''  give  data  to  show  that 
lannin  once  combined  with  hide  cannot 
l>c  waslied  out  by  any  amount  of  washing 
that  would  be  practical,  and  that  concen- 
tration of  the  nontamiins  and  washings 
from  the  tanned  hide  powder  converted 
certain  nontannins  into  substances  capa- 
ble of  tannmg. 

In  continuation  of  the  controversy 
Schultz^  presented  a  very  elaborate  study 
showing  that  the  detannized  solution  and 
washings  according  to  Wilson  and  Kern's 
method  contain  materials  which,  without 
concentration,  wiU  combine  with  hide 
?REy  powder  and  be  resistant  to  washing.    An 

e.xperiment  is  also  described  which  indi- 
cates that  concentration  does  not  bring  about  a  chemical 
change  with  conversion  of  nontannins  into  tanning  materials, 
and  according  to  Schultz  such  phenomena  are  probably  ex- 
plained by  the  dispersed  state  of  the  tannin  under  various 
conditions.  Results  from  a  rather  extensive  series  of  experi- 
ments, invoKing  a  strict  comparison  of  the  basic  principles 
of  the  official  hide-powder  method  and  of  the  new  one,  show 
that  the  effects  of  the  three  factors  influencing  the  absorp- 
tion of  tannin  by  hide  powder,  namely,  the  amount  of  hide 
powder,  concentration  of  tannin,  and  volume  of  solution, 
are  as  pronounced  after  washing  the  tanned  hide  powder 
as  they  are  without  washing.  Schultz  concludes  that  the 
WOson  and  Kem  method  of  tannin  analysis  is  based  on  a 
series  of  false  assumptions  and  gives  neither  the  true  value  of 
tanning  materials  nor  the  true  taimin  content. 

Since  considerable  objection  was  raised  to  the  Wilson  and 
Kem  method  on  the  ground  that  it  was  too  cumbersome  and 
time-consuming,  these  two  authors  presented  a  modification* 
which  greatly  simplified  their  procedure  and  also  removed 
several  possible  sources  of  manipulative  errors  which  pre- 
\iously  had  been  pointed  out.  Comparative  analysis, 
by  the  original  and  re\dsed  procedures,  however,  of  6  typical 
extracts  gives  practically  identical  results  Repljing  to  the 
work  of  Schultz,  Wilson  and  Kem'  refute  many  of  his  ob- 
jections and  particularly  show  that  the  new  method  will  give 
the  same  taimin  figure  for  varying  quantities  of  hide  powder. 
Answering  this  paper  Schultz*  gives  further  argument  against 
the  work  of  WOson  and  Kern  and  in  support  of  his  findings. 

Baldracco  and  Camilla'  have  proposed  a  modification  of  the 
oflicial  method  of  tannin  analysis  of  the  Society  of  Leather 
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Trades'  Cliemi.st.-?  usini;  a  prepared,  lightly  chromed  hide 
powder.  It  is  contended  tliat  the  usual  washing  of  hide 
powder  removes  acid  which  is  necessary  for  complete  com- 
bination of  the  tannin  and  hide  powder,  and  that  ready 
chromed  hide  powder  as  prepared  by  them'"  always  contains 
sufficient  acid  for  complete  detannizing  and  is  much  more 
convenient  to  use.  Schell"  in  criticism  of  the  work  of  Bal- 
dracco  and  Camilla  states  that  their  tannin  figure  includes 
more  nontannin  than  in  the  case  of  the  official  method  and 
that  their  method  is  not  as  exact  nor  is  the  hide  powder 
they  propo.se  as  well  defined  as  the  official  one.  Lauffmann" 
claims  that  the  reagents  used  by  Baldracco  and  Camilla  are 
not  suitable  as  they  give  similar  reactions  for  tannins,  and  also 
that  proof  lias  still  to  bo  produced  that  hide  powder  with  the 
filter  method  absorbs  materials  wliich  should  really  be  esti- 
mated as  nontannins.  In  reply  Baldracco  and  Camilla" 
point  to  their  previous  work  showing  that  tanning  by  the 
filter  method  i.s  too  high  as  some  nontannins  are  absorbed, 
while  by  tlie  official  sluike  metliodof  the  International  Asso- 
ciation of  Ix'athcr  Trades'  Chemists  the  tannic  acid  is  not  all 
removed  from  certain  extracts. 

Moellcr""  has  done  considerable  work  on  the  error  in  non- 
tannin determinations  due  to  the  presence  of  hydrolyzed 
hide  substance.  Determination  of  the  dissolved  hide  sub- 
stance in  the  nontannin  residues  from  about  50  tanning  mate- 
rials showed  that  it  usually  amounted  to  several  per  cent  of 
the  nontannin  residue.  Parker  and  Terrell"  in  some  notes 
on  the  filtration  of  tanning  solutions  show  the  superiority  of 
the  filter  candle  to  filter  paper,  as  the  latter  continues  to  ab- 
sorb soluble  matter  even  after  considerable  quantity  of  solu- 
tion has  passed  througli.  Thompson,  Seshachalam,  and 
Hassan"  have  shown  that  in  tannin  analysis  the  time  of 
filtration,  color,  tannin  content,  insolublcs  and  so  on  are 
all  liable  to  considerable  variation  with  different  degrees  of 
acidity.  SoUmann"  in  studies  on  the  precipitation  of  pro- 
teins by  tannin  has  determined  that  in  concentration  (0.1  to 
0.5  ix;r  cent)  neces-sary  to  produce  astringent  action,  precipi- 
tation is  greatest  at  a  pH  of  2  to  5.  There  is  no  precipitation 
when  the  alkalinity  is  pH  8  to  8.3. 

Frey  and  Clarke"  have  proposed  a  practical  simplification 
and  shortening  of  the  wa.sliing  of  chromed  iiide  powder  for 
tannin  analysis  and  give  data  to  show  timt  results  are  in 
agreement  witli  those  from  official  practice.  The  report  of 
the  British  tannin  analysis  committee^''  shows  that  in  wasli- 
ing  the  chromed  hide  powder  only  distilled  water  should 
be  u.sed.  Baldracco  and  Camilla""  lia\e  described  tiie  prepa- 
ration of  a  ready  chromed  hide  powder. 

Leather  An.vlysis 

Vecetaule  Tanned  Leatheu.s— A  committee  of  the  Amer- 
ican. I^eather  Chemists'  Association  under  the  chairmanship 
of  Small-'  has  gone  very  thoroughly  into  the  subject  of  the 
sampling  of  leather  and  its  preparation  for  analysis.  This 
excellent  report  gives  complete  analysis  of  the  leather  from 
all  parts  of  hides  and  sides  of  various  tannages,  thus  emphasiz- 
ing the  variations  in  composition  and  showing  what  sections 
to  combine  for  the  most  representative  sample.  From  these 
data  n  chart  ha.s  boon  prepared  showing  the  locations  for 
.tampling  of  all  commercial  trims.  A  French  committee  on 
leather  analysis,  with  Cliambard"  as  chairman,  has  also  done 
gome  work  which  shows  a  large  isone  between  the  shoulder  and 
butt  of  nearly  con.stant  composition  and  recommends  sam- 
pling in  thi.s  Hoction. 

Veitrh  ntwl  Jarrell"  in  a  detailed  study  of  the  determination 
of  moi.xUire  in  leather  show  particularly  the  influence  of 
Blmospheric  humidity.  With  ungreased  leathers  a  difference 
of  35  p<T  cent  relative  humidity  gives  on  the  average  a 
difference  of  0.5  per  cent  in  dr>ing  losses.  It  is  also  shown 
that  repeated  drying  of  leather  at  constant  humidity  gives  a 


progressive  loss  in  weight;  that  the  electric  oven  at  100°  C. 
gives  results  slightly  higher  than  the  combined  evaporator 
and  drier;  and  that  the  vacuum  oven  at  70°  C.  gives  results 
lower  than  the  drier  or  electric  oven  at  100°  C,  but  at  97°  to 
98°  C.  gives  higher  results. 

The  determination  of  hide  substance  in  leather  has  been 
studied  by  several  workers.  Chambard-^  considers  incom- 
plete oxidation  and  too  small  a  charge  of  leather  as  the  most 
likely  sources  of  error.  He  obtains  good  results  with  a  modi- 
fication of  the  Kjeldahl  method  as  for  silk  analysis  using  a 
relatively  large  sample  (2.8  g.)  of  leather  and  digesting  with 
sulfuric  acid,  potassium  bisulfite,  and  anhydrous  copper 
sulfate.  F.  G.  A.  Enna-*  proposes  a  rapid  method  using  a 
drop  of  mercury  which  is  afterwards  precipitated  out.  Coch- 
rane,^'' from  work  on  feeds  and  feces,  shows  that  the  addi- 
tion of  permanganate  does  not  cause  a  loss  of  nitrogen  and 
that  using  the  same  method  without  the  addition  of  perman- 
ganate results  are  less  concordant  and  uniformly  lower. 
Kahn^'  considers  as  important  sources  of  error  in  the  Kjeldald 
method  the  following:  lack  of  uniformity  of  the  powdered 
leather;  insufficient  decomposition;  the  possibility  of  alkali, 
acid  or  particles  of  zinc  being  carried  over  in  the  distillation; 
and  of  some  ammonia  escaping  with  the  air  bubbles.  Parker 
and  Terrell^'  have  investigated  the  use  of  perchloric  acid  in 
Kjeldahl  digestions  of  leather  and  have  found  that  it  gives 
satisfactory  results  and  considerably  shortens  the  time  of 
digestion. 

Active  work  both  here  and  abroad  has  been  continued  on 
the  much-mooted  question  of  a  suitable  solvent  for  the  ex- 
traction of  oils  and  greases  from  leather.  Two  English 
committees-'  have  compared  numerous  solvents  from  which 
they  conclude  that  either  chloroform  or  benzene  should  be 
officially  adopted  with  preference  for  the  latter  if  the  color 
of  the  extract  is  of  importance.  Veitch  and  Clarke™  have 
summarized  pre\ious  work  on  the  subject  and  give  data  on 
the  extraction,  particularly  of  soaps,  in  leather.  It  is  shown 
that  the  presence  of  moisture  increases  the  quantity  of  soap 
fats  extracted  by  chloroform  and  petroleum  ether;  that  the 
presence  of  tannic  acid  increases  the  solubility  of  soap  fats 
verj'  greatly,  especially  in  chloroform;  that  magnesium  salts 
added  to  leather  will  lead  to  the  extraction  of  the  soap  as  a 
whole  if  opportunity  is  given  for  the  formation  of  magnesium 
soaps,  since  these  are  very  soluble  in  both  chloroform  and 
petroleum  ether;  and  that  calcium  soaps  are  extracted  by 
chloroform  in  a  colloidal  state  but  are  practically  insoluble 
in  petroleum  ether. 

A  committee  report  of  the  American  Leather  Chemists' 
Association  by  Terrassee  and  Anthes"  on  water-solubles  in 
leather  gives  the  results  of  a  study  of  the  official  method  from 
which  it  is  concluded  that  the  sample  should  be  finely  ground 
and  freed  from  grease  and  that  the  extraction^should  be 
carried  out  in  a  specified  apparatus  on  30  g.  of  leather  at  50°  C. 
Two  liters  of  extract  should  be  collected  in  three  hrs.  without 
any  previous  period  of  soaking.  A  later  committee  under  the 
chairmanship  of  Wilson"  undertook  to  study  primarily  the 
influence  of  temperature  and  whether  or  not  a  definite  end- 
ixiint  could  be  reached  in  the  water  extraction  of  leather. 
Tiic  committee  results  showed  very  little  agreement  on  these 
tw^o  points.  Apropos  of  the  subject,  Veitch  and  Frey"  have 
published  some  notes  showing  that  there  is  no  absolute  end- 
]X)int  even  for  a  148-lir.  extraction  but  that  the  extraction 
ai)pears  to  settle  dowTi  to  a  practically  constant  value. 

A  subject  for  considerable  work  has  been  the  determination 
of  glucose  in  leather.  Rogers"  as  chairman  of  an  American 
Leather  Chemists'  ^Association  committee  made  quite  an  elabo- 
rate report  showing  that  five  drops  of  toluene  per  liter  will 
preser\-e  leather  extracts  for  at  least  three  days  without  loss  of 
sugar;  that  wiien  sodium  carbonate  is  used  for  neutralization 
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after  hydiolysis  in  the  presence  of  l-lpsom  salts  liigh  results 
are  obtained  because  of  the  precipitation  of  maRnesiuni; 
that  caustic  soda  if  used  in  excess  will  precipitate  the  mag- 
nesium; that  there  does  not  appear  to  be  any  advantage  in 
using  stronger  solutions  for  analysis;  and  linally,  a  point 
of  considerable  importance,  that  low  results  when  using 
sodium  hyilroxide  for  neutralization  are  possibly  not  due  to 
any  action  of  the  sodium  hydroxide  on  the  dextrose  but  to 
sodium  pluinbite  which  has  a  reducing  action  on  the  sugar. 
Continuing  his  committee  work,  Rogers^'  sought  the  best 
reagent  for  complete  removal  of  lead  and  as  a  result  recom- 
mended that  a  strong  solution  of  disodium  acid  phosphate 
be  made  the  object  of  further  study.  To  shorten  the  time 
for  sugar  determination  van  der  IIoc\en"'  has  proposed  a 
volumetric  procedure  which  is  a  modification  of  Schoorl's 
method.  Quisumbing  and  Thomas"  have  made  a  very 
thorough,  careful  study  of  conditions  affecting  the  determi- 
nation of  reducing  sugars  and  ha\e  proposed  a  procedure 
which  eliminates  most  sources  of  error. 

In  the  determination  of  magnesium  in  leather  Frey'' 
has  shown  that  Epsom  salts  determined  from  the  ash  of  the 
leather  ranges  from  0.05  per  cent  to  0.25  per  cent  liigher  than 
when  determined  from  the  water  extract  and  also  that  Epsom 
salts  either  alone  or  in  solution  in  the  water  extract  loses 
practically  40  per  cent  of  its  weight  upon  16  hrs.' drying  in  the 
evaporator  and  dryer.  The  work  of  an  American  Leather 
Chemists  Association  committee  with  Frey^'  as  chairman 
has  shown  that  the  volumetric  procedure  for  magnesium  as 
outlined  by  Handy  gives  results  in  agreement  with  those  by 
the  gravimetric  method. 

For  the  determination  of  sulfuric  acid  in  leather  Thomas" 
has  proposed  quite  a  departure  from  the  usual  suggestions. 
The  principle  of  his  method  is  based  on  the  displacement  of 
the  sulfuric  acid  by  ions  of  a  higher  valence  and  is  effected 
by  digestion  of  the  leather  with  potassium  dihydrogen  phos- 
phate solution.  A  modification  of  this  same  method  is  also 
given  by  Thomas  and  Frieden"  for  the  determination  of 
hydrochloric  acid  and  neutral  chlorides  in  leather. 

Mineral  Tanned  Leathers — Hou^-  in  some  experiments 
on  the  volumetric  determination  of  chromium  in  leather  by 
the  sodium  peroxide  fusion  method  has  emphasized  the  need 
of  taking  the  fusion  solution  down  to  a  small  volume  to  insure 
decomposition  of  all  peroxide  and  also  of  controlling  the 
acidity  of  the  solution  for  titration.  An  English  committee, 
of  which  Innes"  was  chairman,  has  reported  on  methods 
which  they  have  so  far  found  best  for  the  analysis  of  chrome 
leather.  Brgeniner"  has  made  a  detailed  study  of  the 
methods  and  factors  influencing  the  determination  of  chro- 
mium. 

Crasser,''"  one  of  the  pioneer  workers  in  iron  tanning,  has 
published  a  quite  complete  article  on  the  subject  and  given 
methods  for  control  analysis. 

Vegetable  Tan  Liquors — Claflin*'  has  proposed  a 
very  practical  method  for  determining  the  plumping  power 
of  tanning  solutions,  which  consists  essentially  of  measuring 
the  volume  of  solution  absorbed  by  hide  powder  under 
properly  controlled  conditions.  The  simplicity  of  his  method, 
together  -with  the  practical  value  of  results  by  it,  has  proved 
very  attractive.  Working  along  the  same  line  McLaughlin 
and  Porter,"  using  pieces  of  limed  and  hydrated  steer  hide 
instead  of  hide  powder,  have  made  a  study  of  the  swelling 
of  white  hide  in  tan  liquors,  deahng  particularly  with  the 
usual  organic  acids  and  calcium  acetate  and  lactate.  Their 
results  emphasize  the  significance  of  direct  results  obtained 
in  this  manner.  Atkin  and  Thompson''*  have  pubUshed  a 
very  informing  paper  on  the  determination  and  control  of 
the  acidity  of  tan  liquors  by  a  colorimetric  method  using 
indicators. 


Blackadder,"  in  a  report  on  the  color  measurement  in 
tanning  scjlutions,  describes  some  ex)>eriment.s  with  a  tint 
piiotonieter,  from  which  he  is  inclined  to  conclude  that  any 
use  of  blue  in  a  combination  of  color  to  match  a  tanning  solu- 
tion is  unnecessary  and  may  lead  to  error;  and  that  while  an 
apparatus  based  on  matching  a  built-up  color  standard 
against  an  unknown  color  will  not  prove  satisfactory,  a 
machine  based  on  spectrum  analysis  ought  to  be  capable  of 
adaptation.  Wilson  and  Kern''"  have  shown  an  interesting 
relation  between  the  hydrogen-ion  concentration  of  a  tan 
liquor  and  its  color  value.  Tan  liquors  change  in  color  with 
change  in  pH  value  over  a  range  from  3  to  12  and  this  change 
in  color  is  comjjletely  reversible  if  the  liquors  are  not  long 
exposed  to  air.  Liquors  exposed  to  air  continue  to  darken, 
with  accompanying  rise  in  the  pH  value,  but  this  change  is 
not  reversed  by  lowering  the  pH  \alue.  Exposed  to  air  at  pH 
values  of  about  9,  liquors  give  bulky  precipitates  when  their 
pH  ^'aIues  are  brought  to  3. 

Chrome  Liquors 

The  analysis  of  chrome  liquors  has  apparently  been  a  sub- 
ject of  considerable  interest.  Thomas  and  Foster^'  have 
described  a  conductance-barium  hydroxide  titration  method 
for  chrome  liquors  which  "is  to  be  preferred  to  the  American 
Leather  Chemists  Association  titration  method  not  only  on 
account  of  theoretically  truer  results  but  also  convenience." 
Adsorbed  chromic  sulfate  in  the  precipitated  hydrous  chromic 
o.xide  is  the  cliief  cause  of  low  results  by  the  American  Leather 
Chemists  Association  titration  method.  Dhavale  and  Das," 
from  detailed  experiments  incidental  to  an  investigation  of 
the  effect  of  neutral  salts  on  the  basicity  of  chrome  liquors, 
have  showTi  that  the  addition  of  sodium  chloride  causes  a 
marked  increase  in  the  acidity  of  chrome  liquors  as  found  by 
the  Procter  and  McCandlish  method  and  also  that  the  values 
obtained  by  this  method  are  influenced  by  the  temperature  of 
titration  and  speed  of  adding  the  alkali  but  not  by  the  dilution 
of  the  liquor  under  titration.  Thomas  and  Foster'^  also  deal 
with  the  effect  of  salt  on  the  titration  of  chrome  liquors  and 
give  some  data  which  indicate  that  the  alkalimetric  titration 
method  for  acidity  of  chrome  liquors  could  be  made  to  jield 
more  correct  results  by  the  addition  of  about  50  g.  of  sodium 
chloride  before  titrating.  Burton  and  Hey,"  in  the  course 
of  investigations  on  chrome  tanning,  have  pointed  out  the 
influence  of  carbon  dioxide,  sulfur  dioxide,  and  volatile  acids 
on  the  American  Leather  Chemists  Association  method 
of  titrating  acidity  of  chrome  liquors,  showing  that  it  is 
inadequate  since  it  fails  to  take  these  into  account,  and 
they  have  recommended  that  the  titration  be  made  by 
adding  the  caustic  soda  to  the  diluted  liquor  in  the  cold  and 
by  continuing  the  addition  of  alkali  during  the  period  of  heat- 
ing up  to  the  boUing  point.  Pickering"  has  pointed  out 
several  precautions  to  be  taken  in  determining  basicitj-  figures 
for  chrome  liquors,  describing  also  a  means  of  iUumination 
for  a  clear  end-point  in  titrating.  Schorlemmer*'  and 
Crasser"  have  both  discussed  and  suggested  systems  for 
ex-pressing  the  basicitj-  of  chrome  liquors.  Thomas  and 
jjgjjyss  ]jave  proposed  a  rapid  estimation  of  chromium  in 
chrome  liquors  by  means  of  the  immersion  refractometer. 

Lime  and  Lime  Liquors — English  committees  on  lime- 
yard  control  under  Burton,^'  Atkin  and  Palmer,"*  Pickles,*' 
and  Atkin  and  Atkin'-  have  been  very  active  in  re\iewing, 
criticizing,  and  proposing  methods  best  suited  for  lime  liquor 
analysis.  F.  G.  A.  Enna*'  has  described  a  method  for  deter- 
mining the  available  sulfide  in  a  lime  liquor  based  on  the  fact 
that  a  quantitati\e  separation  of  hydrogen  sulfide  from  its 
alkaline  salts  is  effected  by  carbonic  acid,  while  thiosulfates 
and  amino  acids  are  unaffected.  Singer'*  has  made  a  com- 
parative study  of  various  methods  for  analysis  of  lime  liquors. 
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Crasser"  ha.s  pointed  out  the  advantages  of  determining  lime 
in  unhaired  skins  from  solution  by  wet  o.\idation  rather 
than  from  solution  of  the  ash.  Veitch  and  Jarrell"  have  re- 
viewed the  various  methods  for  determining  available  cal- 
cium oxide  in  lime  and  after  considerable  study  have  proposed 
and  outlined  in  detail  modifications  of  the  tannery  method 
and  Scaife  method  so  as  to  insure  accurate  and  concordant 
results. 

iDENTinCATION  OF  TaNNING  MATERIALS 

Crasser"  has  published  some  verj'  interesting  observations 
on  the  behavior  of  various  tanning  materials  during  electro- 
dialysis  which  may  be  developed  for  the  identification  of 
tannins.  LaufTmann"  has  discussed  in  detail  the  tests  for  the 
identification  and  examination  of  tanning  materials  and 
extracts.  Lauflmann'^'  has  also  described  a  modification  of  the 
indophenol  reaction  so  that  it  can  be  used  for  identification  of 
that  class  of  s>'nthetic  tannins  formed  by  the  condensation 
of  formaldehyde  with  the  sulfonic  acids  of  phenol,  cresol, 
naphthalene  or  anthracene. 

De  Hessclle'"  has  published  a  modification  of  Appelius  and 
Schmidt's  cinchonine  test  for  sulfite-cellulose.  With  this 
test  certain  sjTithetic  tannins  react  partially  Uke  vegetable 
tannins;  others  like  sulfite-cellulose;  and  some  do  not  give 
the  reaction  at  all.  Hough"  has  described  a  method  for 
determining  bisulfites  in  extracts. 

For  differentiation  between  old  fustic  and  quercitron  ex- 
tracts Justin-Mueller"  has  found  that  the  ether  extracts 
upon  solution  in  sulfuric  acid  and  dilution  with  water  remain 
bright  orange-yellow  for  old  fustic  but  are  decolorized  for 
quercitron.  Atkin  and  Marriott'^  have  shown  that  the  appli- 
cation of  polarized  light  in  the  microscopical  analysis  of  sumac 
gives  more  definite  and  quicker  results  than  does  the  ordinary 
microscopical  procedure.  CroU'*  has  published  considerable 
data  on  gambicr  and  its  adulteration,  and  Jablonski  and 
Einbeck"  have  done  likewise  for  quebracho,  emphasizing 
particularly  the  value  of  a  fluorescein  reaction  for  its  detection. 
Mimosa  extract,  however,  gives  a  similar  reaction. 

Sulfonated  Oils 

A  committee  of  the  American  Leather  Chemists  Association, 
with  Schultz"  as  chairman,  has  made  quite  a  study  of  the 
determination  of  combined  SO3,  total  fatty  matter  and  neutral 
fat  in  sulfonated  oils.  Hart"  has  publi.siicd  a  method  and 
formula  for  the  determination  of  inorganic  impurities  in 
sulfated  oils,  which  formula  he  improved  in  a  later  paper." 
Bu!iifke"  has  also  offered  an  improvement  of  the  Ilart 
method.  Pickering'"  has  done  considerable  work  on  methods 
for  the  commercial  examination  of  sulfonated  oils.  Kern" 
has  proposed  the  detemunation  of  sulfate  in  sulfonated  oils 
by  means  of  a  solution  of  monosodium  phosphate  wliich 
will  give  a  practically  complete  separation  of  oil  from  solution 
with  sulfonated  oil  without  the  addition  of  a  solvent  and 
will  extract  all  of  the  free  and  none  of  the  combined  sulfate. 

Miscellaneous 

Thomas"  has  described  some  experiments  on  estimating  the 
trj-ptic  activity  of  bating  materials,  using  two  methods  devel- 
oped from  the  work  of  Sherman  and  Neun.  Matos"  has 
discussed  the  testing  of  dyes  in  the  leather  industry.  Wel- 
wart"  has  given  a  method  for  determining  ammonia  in  oil 
and  fat  preparations.  Hoffman"  has  proposed  a  means  of 
detecting  nnd  separating  lactic  acid  as  a  complex  sodium 
ferric  lactate.  I-roboese"  has  dealt  in  considerable  detail 
with  the  examination  of  leather  substitutes.  Bogue"  has 
published  a  very  comprehensive  article  on  glues  and  gelatins, 
giving  a  most  complete  and  excellent  bibliography  on  the 
subject. 
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Vegetable  Tanning- 

By  Arthur  W.  Thomas 

Chemical  I..\boratoriks,  Columbia  Univkrsity,  Nkw  York.  N.  Y. 


THE  NATURE  of  tannin  has  been  under  study  by  organic 
chemists  for  many  years,  but  the  outstanding  feature 
of  organic  chemical  investigation  was  the  synthesis  of 
gallotannic  acid  (the  tannin  of  oak  galls)  by  Emil  Fischer  in 
1918,'  which  rendered  aU  previous  work  practically  obsolete. 
The  study  of  the  hydrolytic  products  of  purified  nut- 
galls  tannin  showed  that  1  molecule  of  glucose  was  combined 
with  a  number  of  molecules  of  galUc  acid,  and  that  gallo- 
tannic acid  was  actually  a  pentadigalloyl  glucose,  with 
the  formula 


I     H    H     I     H    H 

HC— C— C— C— C— CH 

O    O    O    H    O    O 

R     R     R  R    R 

where  R  =  digaUoyl  radical. 

By  condensing  5  molecules  of  tricarbomethoxygalloyl 
chloride  with  1  molecule  of  glucose  in  the  presence  of  quino- 
line  (the  carbomethoxy  groups  protecting  the  hydroxy  groups 
of  the  gallic  acid  from  the  action  of  phosphorus  penta- 
chloride)  and  the  carbomethoxy  groups  being  subsequently 
removed  by  cold  alkali,  pentadigalloyl  glucose,  similar  in 
properties  to  gallotannic  acid,  was  obtained. 

Fischer  also  prepared  a  series  of  acyl  glucoses,  many  of 
which  have  tanning  properties.  The  monacyl  glucoses  do  not 
precipitate  gelatin,  but  trigalloylglueose  shows  pronounced 
tanning  properties.  TrigaUoylglycerol  and  hexagalloyhnan- 
nitol  precipitate  gelatin  in  aqueous  solution. 

Fischer  prepared  penta-wt-digaUoyl-/3-glucose,  which  was 
proved  to  be  an  isomer  of  Chinese  tannin,  and  in  the  &st 
paper  mentioned  he  proved  that  the  "glucogaUin"  isolated  by 
GQson  from  Chinese  rhubarb  is  l-galloyl-/3-glucose. 

Nierenstein^  raises  a  number  of  objections  to  Fischer's 
formula,  mainly  on  the  ground  that  whereas  Fischer's  penta- 
digalloj-lglucose  when  methylated  with  diazomethane  yields 
glucose  on  hydrolysis,  methylogallotannin  gives  under  iden- 
tical conditions  tetramethylglucose,  showing  that  in  gaUo- 
tannin  4  hydroxj'l  groups  are  not  replaced  by  digaUoyl 
radicals.  Nierenstein  proposes  a  modified  long  chain  formula 
based  on  the  supposition  that  gallotannin  is  probably  a 
glueoside  of  the  follomng  polj'digalloylleuco-digallic  acid 
anhydride: 

(0H)tC^..C0.10.C,H,(0H)i.C01i 

.O.CiH.(OH).CO.O.C(iH2(OH)j.CH(OH).O.Caij(OH)i 

I  I 

O CO 

or  of  its  free  acid.  Five  reasons  in  support  of  this  formula 
are  offered  by  Nierenstein,  one  of  which  is  that  it  is  in  accord- 
ance with  the  formation  of  tetramethylglucose  from  methylo- 
gallotannin. 

'Ber..  61  (1918).  1760;  62  (1919).  829. 
>  J.  Soc.  Chem.  Ind.,  41  (1922),  29T. 


Nierenstein  is  also  studying  the  constitution  of  the  catechu 
tannins.  He  has  recently  found^  that  Paullinia  tannin 
from  Paullinia  cupana  seeds  is  a  crystalline  normal  glueoside 
consisting  of  I  molecule  of  dextrose  and  2  molecules  of 
gambier-catcchin-carboxylic  acid,  forming  a  depside. 

K.  Freudenberg,  formerly  associated  with  Fischer,  is  con- 
tinuing that  great  master's  work  on  the  tannins.  He  has 
shown''  that  Hamameli  tannin,  which  has  been  isolated  in  the 
crystalline  condition,  yields  on  hydrolysis  with  tannase 
galUc  acid  and  an  unidentified  aldo-hexose  in  the  proportions 
required  for  a  digalloyUiexose. 

Freudenberg's  investigations'  of  chebulinic  acid,  which  oc- 
curs in  myrabolans,  showed  that  it  is  a  crystalline  material 
sparingly  soluble  in  cold  water,  which  cannot  be  hydrolyzed 
by  tannase,  and  that  it  is  probably  a  compound  of  a  digalloyl- 
glucose  and  a  new  phenolic  acid,  the  latter  forming  a  glu- 
eoside with  the  glucose.  He  showed*  chlorogenic  acid,  the 
tannoid  constituent  of  coffee,  to  be  a  simple  depside  of  caffic 
and  quinic  acids.  Gambier-catechin  has  been  shown'  to 
have  an  o.xj-diphenylpropane  nucleus,  to  be  related  to  the 
flavone  dyes  and  anthocyanidins,  thus  disproving  an  older 
view  that  it  was  a  derivative  of  ethyldiphenylmethane. 

The  tannins  of  the  woods  of  the  Spanish  chestnut  and  native 
German  oak  have  recently  been  found  by  this  same  chemist' 
to  contain  quercitrin,  glucose,  and  eUagic  acid. 

The  leaves  of  Acer  ginnala  yield  a  crystalline  tannin, 
acertannin,  C20H20O13,  and  an  amorphous  mixture  consisting 
of  ellagic  acid,  quercitrin,  an  amorphous  tannin,  mainly 
gaUoyl-aceritols  with  smaU  amounts  of  a  flavonol  glueoside, 
and  a  substance  probably  a  phlobo-catechol  tannin  according 
to  Perkin  and  Uyeda.'  Acertannin  hydrolyzes  to  2  molecules 
of  gallic  acid  and  a  dexirorotatory  sugar,  aceritol.  Aceritol 
behaves  as  a  polyhydric  alcohol  and  is  probably  an  anhydro- 
hexitol  derived  from  mannitol  or  sorbitol. 

A  new  classification  of  natural  tannins,  more  discriminating 
than  the  older  pjTogaUol-catechol  categories,  has  been  pro- 
posed by  Perkin  and  Everest :'" 

1 — -Depsides  (old  gallotannins). 

2 — -Diphenyl  methoid  (old  ellagi tannins) . 

3 — Phtobatannins  (old  catechol  tannins). 

Freudenberg"  has  recently  offered  a  classification  much 
more  distinctive  than  the  above: 

>  /.  Chem.  Soc,  Ul   (1922).  23. 

<  Ber.,   62  (1919),  177;    13  (1920).  953. 

'  Ibid.,  62  (1919),  1238. 

'  Ibid.,  53  (1920).  232. 

'  Ibid.,  63  (1920).   1416. 

«  Ibid.,  64  (1921).  1695;    Naturwissenschaflen,  8  (1920).  905. 

»  J.  Chem.  Soc,  121   (1922).  66. 

10  "The  Natural  Organic  Coloring  Matters."  Longmans.  Green  &  Co., 
New    York.    1918. 

'1  "Die  Chemie  der  Natiirllchen  Gerbstoffe,"  Julius  Springer,  Berlin. 
1920. 
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1 Hydrolyzable  tannins  in  which   the   benzene  nuclei   are 

united  to  larger  complexes  through  oxygen  atoms. 

2 — Condensed  tannins,  in  which  the  nuclei  are  held  together 
through  carbon  linkages. 

Where  both  kinds  of  compounds  are  present  in  the  molecule, 
f.  g.,  in  cUagic  acid,  the  classification  is  decided  according  to 
the  genetic  connection  with  other  tannins. 

Group  1  embraces  (a)  esters  of  phenolcarboxylic  acids  with 
each  other  or  with  other  oxj-acids  (depsides),  (b)  esters  of 
phenolcarboxj'lic  acids  with  polyatomic  alcohols  and  sugars 
(tannin  cla.ss),  and  (c)  glucosides.  The  most  important 
criterion  for  Group  1  is  hydrolysis  to  simple  components  by 
enzymes,  particularly  tannase  or  emulsin. 

Tannins  of  Group  2  are  not  decomposed  to  simple  compo- 
nents by  enzymes.  They  are  generally,  but  not  always, 
precipitable  by  bromine,  and  when  treated  with  o.xidizing 
agents  or  strong  acids  condense  to  high  molecular  amorphous 
tannins  or  "reds."  They  are  divided  into  two  classes  accord- 
ing to  whether  or  not  phloroglucin  is  present.  With  the 
exception  of  some  simpler  ketones,  oxybenzophenones  and 
oxyphenylBtjTj'lketones,  the  catechines  belong  to  the  phloro- 
glucin, class,  e.  g.,  the  very  important  quebracho,  and  i)robably 
oak  tannin  are  in  this  class. 

Freudcnberg  has  made  valuable  use  of  the  enzyme  tannase 
secreted  by  Aspergillus  niger.  A  recent  paper  by  him  and 
VoUbrecht  discusses  the  isolation  and  determination  of  the 
activity  of  this  enzyme."  For  a  complete  summary  of  the 
present  knowledge  of  the  organic  chemistry  of  natural  tannins 
Freudenberg'a  very  valuable  book"  should  be  consulted. 

Electrolysis  of  Tanni.\s 

Extensive  studies  of  the  conduct  of  tannins  upon  electrol- 
ysis have  been  made  by  Grasser,"  but  the  results  are  greatly 
confused  due  to  oxidation,  reduction,  and  (decomposition. 
He  found  that  mangrove  and  catechin  are  sodium  salts,  and 
that  in  some  instances  a  separation  of  two  qualitatively 
different  tannins  can  be  effected  by  electrophoresis. 

Wilson,'*  in  extension  of  his  application  of  the  Procter- 
Wilson  theory  of  tanning,"  discusses  the  reasons  for  the 
different  degrees  of  astringonty  of  tannins,  and  attributes  the 
great  difference  of  a-stritigcncy  between  quebracho  and 
gambler  to  the  differences  in  the  electrical  charges  of  the 
particles  and  to  the  content  of  non-tans.  He  found  that 
quebracho  became  mild  in  action  when  gallic  acid  was  added 
to  it,  and  suggested  the  mechanism  for  the  fixation  of  tannins 
by  hide  .substance. 

Thomas  and  Foster"  actually  measured  the  electrical 
charge  of  eight  different  vegetable  tanning  materials  by  the 
U-tube  electroph((re>is  method.  They  found  all  to  be  anodic 
in  migration  (at  their  natural  reaction,  i.  e.,  — logCH»  =  ca.  4.) 
and  that  the  potential  difference  of  tlie  Helmholtz  double  layer 
of  astringent  quebracho  was  the  highest,  namely,  -0.028 
volt,  wliile  that  of  mildly  acting  gambier  was  the  lowest, 
—0.005  volt.  Tliis  confirms  the  theory  of  Wjlson  that 
astringency  is  a  function  of  the  electrical  charge. 

Tiiomas  anrl  Foster  also  showed  tiiat  the  negative  electrical 
charge  of  quebracho  could  l)e  gradually  reduced  and  finally 
brought  to  zero  by  addition  of  small  amounts  of  hydrochloric 
acid,  while  the  charge  for  this  tanning  material,  as  well  iisfor 
four  others,  wjks  rai-^ed  by  removal  of  the  non-tans  by  dialysis: 
as,  for  example,  cube  gambier  showed  a  p.  d.  of  -0.005  volt  in 
natural  .slate;  after  dialy.-is  for  24  hrs.  it  became  -0.024  volt. 
This  shows  that  the  non-tans  have  a  profound  effect  upon  the 
p.  d.  of  the  tiinnin  particles,  and  partly  resolves  Wilson's 

"Z.  pkyiiol.  Chtm.  It*  (lOL'I).  277. 

'•  CalUiium.  IHO,  17.  49,  137,  200,  277,  332. 

"J.  Am    Lcalkrr  Chem    Assoc,  IS  (1S20),  374. 

".;.  C*»iil.  i.<  .   IM   (1910).    1327. 

"Tbi»  Jouknal.  1*  (1S22).  191. 


two  explanations  of  astringency  to  one  and  the  same  thing, 
although  it  must  be  noted  that  the  charge  is  not  the  sole 
factor  in  fixation  by  pelt,  since  undoubtedly  one  mechanism  of 
the  non-tans  in  reducing  astringency  lies  in  their  high  diffusive 
power  and  loose  fixation  in  the  pelt,  thus  preventing  "case 
hardening"  by  the  tannins  and  retarding  and  evening  the 
fi.xation  of  the  same. 

The  significance  of  H+  ion  to  the  charge  of  tannin  particles 
was  indicated  in  the  paper  by  Thomas  and  Foster,  and  a 
continuation  of  the  study  of  this  question  is  in  progress. 
Considerable  data  on  the  influence  of  electrolytes  in  pre- 
cipitation of  tannins  are  also  given  in  this  paper,  throwing 
Ught  on  their  colloidal  properties. 

Fix.\TiON  OF  Tanxins  by  Pelt 

A  study  of  the  time  and  concentration  factors  in  the  fixation 
of  tannins  by  pelt  is  being  pursued  by  Thomas  and  Kelly,  a 
preliminary  paper  on  quebracho  and  gambier  ha^ing  appeared 
recently."  This  paper  shows  a  striking  difference  between 
the  action  of  astringent  quebracho  and  mild  gambier.  The 
concentration  curves  for  gambier  rise  regularly  and  slowly  Uke 
the  well-known  "adsorption  curve,"  while  those  for  quebracho 
rise  very  steeply  to  a  maximum  at  30  to  40  g.  total  solids  per 
hter  of  solution  and  then  drop  off  abruptly.  They  explain 
this  action  of  quebracho  by  the  fact  that  owing  to  the  lack 
of  non-tans  in  this  astringent  material  the  surfaces  of  the  hide 
substance  particles  are  so  heavily  tanned  that  they  are 
rendered  impermeable  to  tannin  and  hence  the  interiors  are 
unaffected,  thus  accounting  for  the  smaller  amount  of  tannin 
fixed  by  the  hide  in  the  strong  solution. 

Wilson  and  Kern"  have  shown  that  prolonged  washing  with 
water  neither  hydrolyzes  vegetable  leather  nor  removes  any  of 
the  tannin  therefrom.  They  contend  that  the  definition  of 
tannin  should  be  restricted  to  those  substances  which  ir- 
reversibly combine  Avith  pelt.  They  made  the  valuable  dis- 
covery that  when  completely  detamiized  vegetable  liquors  are 
evaporated  in  the  presence  of  air,  tannin  is  generated  owing 
to  oxidation  and  polymerization  of  organic  non-tans  present. 
This  is  in  accord  with  the  findings  of  Meunier  and  Seyewitz," 
that  while  pure  jjhenols  produce  only  an  extremely  feeble 
effect  U4)on  the  solubility  of  gelatin,  their  oxidation  products 
quickly  render  gelatin  insoluble,  e.  g.,  hydroquinone  has  no 
tanning  proixTtics  whereas  quinone  lias. 

Wilson  and  Kern  showed  tliat  this  action  takes  place  right 
in  the  leather,  for  when  hide  powder  was  drummed  in  various 
vegetable  extracts  and  then  removed,  divided  into  two  por- 
tions, one  being  washed  immediately,  the  other  allowed  to 
stand  in  contact  with  air  for  30  days  before  washing  out  the 
non-tans,  the  second  ])ortion  showed  in  all  cases  an  increased 
tannin  content,  thus  explaining  the  importance  of  the  time 
factor  in  the  "aging"  of  heavy  leather.  Alsop's^"  statement, 
that  sole  leather  tanned  slowly  not  only  contains  more 
tannin,  but  actually  consumes  less  tanning  material  than 
rapid  tannage,  is  thus  explained. 

The  knowledge  of  this  chemical  change  was  first  made 
apparent  by  the  introduction  and  use  of  the  new  method  of 
tannin  determination  invented  by  Wilson  and  Kern.'"  This 
method  is  radically  different  from  any  others  previously 
proposed  and  used,  and  as  a  consequence  has  met  wth  vigor- 
ous opposition  although  it  is  based  upon  sound  chemical 
principles. 

The  investigators,  in  a  subsequent  study"  of  the  conduct 
of  quebracho  and  gambier  liquors  at  different  H+-ion  concen- 

"Tuis  JouRNAU.  U  (1922),  292. 

"Ibid.,  la  (1920),   1149. 

>•  Cotlegium,  1908,  193. 

"J.  Am.  Lraiher  Chem.  Assoc.,  IS  (1920),  464. 

"  This  Journal.  IS  (1920),  465;    13  (1921),  772. 

"  Ibid..  IS  (1921),  1025. 
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trations,  discovered  the  interesting  fact  that  at  —  logCH*  =  9, 
a  profound  change  takes  place  upon  a  24-hr.  exposure  of 
these  extracts  to  air,  because  when  brought  back  to  —log 
Ch*  =  3,  a  voluminous  precipitate  forms.  This  reaction 
takes  place  to  a  steadily  lower  extent  in  solutions  more  acid 
than  Cn*=  10"',  but  not  at  all  in  solutions  more  alkaline. 

Another  point  brought  out  in  this  paper  is  the  change  in 
color  of  vegetable  extracts  with  change  in  H-ion  concentration, 
the  color  changing  from  a  light  straw  at  Cji  ♦  =  10~'  to  a  very 
deep  red  at  10"'^,  thus  showing  that  these  extracts  act  like 
indicators  and  explaining  the  long-known  fact  that  the  pres- 
ence of  lime  in  a  tanned  skin  causes  darkening  of  color  which 
brightens  if  such  a  skin  is  treated  with  acid  soon  after  tanning. 

The  indicator  effect  at  different  H"^-ion  concentrations  is 
reversible  provided  the  liquors  are  not  long  exposed  to  air. 
Upon  exposure  to  air  they  darken  in  the  more  alkaline  solu- 
tions and  the  color  is  not  changed  back  to  the  original  bright- 
ness upon  reacidification. 

Synt.ujs 

A  great  deal  of  attention  has  been  devoted  lately  to  syn- 
tans.  Although  these  are  not  vegetable  tannins,  however, 
because  of  their  organic  character  they  should  be  men- 
tioned here.  Syntans  are  condensation  products  of  for- 
maldehyde with  sulfonated  cresols  and  other  aromatic 
compounds.  According  to  Meunier-'  the  tanning  action 
of  these  bodies  is  due  to  the  free  sulfonic  and  free 
hydroxyl  groups  that  are  absorbed  by  the  skin,  thanks 
to  their  acid  character.  If  these  acid  groups  are  neutral- 
ized, the  tanning  power  diminishes.  SjTitans  are  now 
widely  used  as  preliminary  tanning  agents  in  the  prepara- 
tion of  heavy  vegetable  leathers,  because  they  cause  an 
increase  in  the  rate  of  penetration  of  tannin.  Wilson" 
suggests  that  their  chief  fimction  is  like  that  which  he  has 
described  for  gallic  acid,  or  the  presence  of  non-tans  in  per- 
mitting tannage  in  strong  liquors  without  unevenness  of 
fixation. 

MoeUer-''  points  out  that  syntans  cause  hydrolysis  of  hide 
substance  o^Ning  to  their  sulfonic  acids,  but  that  such  action 
is  materially  reduced  by  the  presence  of  a  vegetable  extract. 

Hill  and  MerrjTaan^'  insist  that  while  some  sjTitans  are 
useful  solely  because  of  their  acid  character,  others  really 
do  have  tanning  action  provided  they  are  used  under  care- 
fully controlled  conditions.  In  combination  with  vegetable 
tanning  agents,  in  addition  to  the  increase  in  rate  of  penetra- 
tion, these  authors  state  that  sjmtans  produce  a  tougher  and 
smoother  grained  leather  and  have  a  bleaching  action.  This 
latter  point  is  readily  understood  to  be  solely  a  function  of 
their  acidity,  as  demon-strated  by  Wilson  and  Kern's^'  ex- 
periments. 

Hill  and  MerrjTnan  also  point  out  that  syntans  may  be  used 
for  deliming  and  plumping  hides  for  sole  leather  manufacture. 
The  bating  properties  of  these  agents  is  also  discussed  by 
Moeller^^  as  a  property  of  the  sulfonic  acids  which  they  con- 
tain. Additional  discussion  of  the  uses  for  sjTitans  along 
lines  just  mentioned  has  been  published  by  Knowles.^' 

The  term  "synthetic  tannins"  for  the  agents  considered 
above  is  somewhat  faulty  since  they  are  not  sjmthesized 
tannins  resembhng  vegetable  tannins.  Emil  Fischer  is  the 
only  person  who  has  prepared  a  bona  fide  synthetic  tannin, 
namely,  his  pentadigalloylglucose.  However,  the  name  "syn- 
tans" appears  to  have  been  firmly  estabhshed,  and  for  a 
compact  and  valuable  treatment  of  these  substances  the 

"Chimie  el  industric,  1   (1918),  71,  272;  J.  Am.  Leather  Chem.  Assoc, 
IS  (1918),  530. 

^^  Collegium,   1920,   520. 

»  /.  Am.  Leather  Chem.  Assoc.,  16  (1921),  484, 

••  Collegium.   1921,   232. 

"  J.  Soc.  Leather  Trades'  Chem.,  6  (1922),  19. 


reader  is  referred  to  Grasser's  new  book  (translated  by 
Enna)." 

Grasser"  has  demonstrated  that  the  criterion  of  gelatin 
precipitation  for  a  tanning  agent  i.s  subject  to  error  at  times, 
because  hydroxjmaphthylmethanc  sulfonic  acid  precipitates 
gelatin  but  does  not  tan  pelt,  while  o-nitrophenol  tan.s  pelt 
but  does  not  precipitate  gelatin. 

It  has  been  generally  accepted  that  all  tanning  agents 
precipitate  gelatin,  but,  in  view  of  these  new  cases  brought  out 
by  Crasser,  it  appears  that  actual  pelt  tests  must  be  made  in 
order  to  determine  whether  a  new  compound  hits  tanning 
properties. 

»  ".Synthetic  Tannins,"  D.  Van  Nostrand  Co..  New  York,  1922. 
n  Collegium,  1920,  234. 


The  Chief  Chemist  Remarks 

A  COMPARISON  of  efficiency  of  laboratories  by  two  chief 
■'*•  chemists  led  one  of  them  to  express  himself  somewhat 
as  follows: 

As  a  chief  chemist,  have  you  ever  made  a  detailed  analysis  of 
your  men?  It  has  been  proved  that  a  man  who  gets  two  hundred 
a  month  is  a  better  investment  for  a  firm  than  one  who  gets  one 
hundred  and  does  only  half  the  work.  Do  you  know  who  in  your 
laboratory  is  entitled  to  a  raise?  Do  you  know  the  weak  points 
of  your  men?  Are  you  giving  them  the  necessary  help!"  Are 
you  training  a  man  to  step  into  your  shoes  when  the  firm  gets 
ready  to  promote  you?  Do  you  give  some  of  your  men  special 
work,  which  could  not  be  given  to  others  who  are  presumably  'of 
the  same  status?  And  lastly,  are  you  a  better  man  than  your 
assistants? 

To  my  mind  there  are  ten  big  factors  that  make  for  success  in  a 
chemist.  These  vary  with  conditions,  but  for  a  laboratory 
worker  each  is  very  important:  honesty,  accuracy,  speed, 
thoroughness,  observation,  ingenuity,  loyalty,  personality,  health, 
and  education. 

They  are  arranged  in  the  order  of  their  importance.  The  first 
three  are  the  most  vdtal  and  refer  to  the  physical  accomplishment 
of  the  work.  Most  young  chemists  have  these  points  well  drilled 
into  them  before  they  leave  school.  It  is  unfortunately  true 
that  they  seem  to  be  the  chief  and  only  assets  of  some  chemists. 

The  next  three  points  are  functions  of  the  mind  and  usually 
come  as  the  r.esult  of  experience.  It  has  been  said  that  a  man 
who  can  make  an  analysis  is  worth  a  hundred  dollars;  a  man 
who  can  explain  the  analysis  is  worth  two  hundred  dollars; 
while  a  man  who  can  interpret  and  apply  the  analysis  has  no 
limit  in  value.  In  most  lines  of  work,  thoroughness  comes  first, 
but  in  chemistry,  or  rather  in  analytical  or  research  chemistr>',  it 
must  take  the  place  indicated.  The  obser\'ing  man  is  usually  the 
wide-awake  chap  who  can  use  waste  material  to  advantage,  or  sug- 
gest a  cheaper  source  of  supply.  The  ingenious  man  is  also  the 
highly  paid  man — the  inventor,  or  the  man  who  can  get  out  a 
new  product,  or  cut  the  cost  or  time  of  manufacture. 

Loyalty,  personality,  and  health  make  the  leader — -the  man  for 
whom  and  with  whom  you  like  to  work. 

The  last  requirement — education — fills  the  chinks.  It  is  the 
most  easily  obtained,  but  too  often  is  present  as  a  "trace  only." 

As  an  exercise  in  analysis,  try  writing  these  ten  points  in  a 
column.  Beside  each  point  write  the  name  of  a  man  who,  to 
your  mind,  best  represents  perfection  in  that  quaUty.  Now 
check  yourself  against  this  column  of  one  hundred  per  cent  men, 
and  finally  classify  your  assistants.  You  might  even  plot  a 
ciure.  By  doing  this  you  will  soon  learn  your  weaknesses  and 
those  of  the  men  working  with  you. 

It  is  also  a  good  plan  to  keep  a  monthly  record.  This  will 
give  you  a  fairly  accurate  idea  of  the  men  to  whom  the  different 
types  of  work  should  be  assigned  and  of  those  who  deser\-e  a 
raise.  It  will  also  afford  an  opportunity  of  checking  up  the 
"weak  sister;"  a  heart  to  heart  talk  might  give  him  the  necessary 
strength.  This  plan  might  also  open  your  own  eyes;  perhaps 
you  haven't  had  a  raise  lately,  and  perhaps  it  is  because  of  a  bad 
habit  which  you  have  been  sheltering. 

While  these  ten  points  are  given  for  analytical  men,  ver>' 
little  change  will  be  necessary  to  make  them  applicable  to  any 
branch  of  chemistry.  For  the  manufacturing  chemist  who  has 
not  to  deal  with  analyses,  but  with  men,  judgment  and  control 
might  be  substituted  for  accuracy  and  speed. 
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Mineral  Tannages 

By  F.   L.  Seymoiir- Jones' 
Columbia  Univbrsity,  New  York,  N.  Y. 


AMONG  the  various  mineral  tannages  that  of  chrome 
continues  to  hold  pride  of  place.  Two  methods  are  in 
general  use.  In  the  one-bath  process  the  skins  are 
treated  in  a  solution  of  a  ba.sic  chromic  salt,  usually  chrome 
alum  with  soda,  or  bichromate  reduced  to  the  chromic  state. 
This  is  followed  by  neutralization  of  the 
excess  of  free  acid  with  a  suitable  weak 
alkali.  In  the  two-bath  process  the  skin^: 
are  treated  first  in  a  liquor  of  bichromate 
and  hydrochloric  acid,  then  passed  to  a  re- 
ducing bath  of  acid  and  sodium  thiosul- 
fate.  Most  of  the  recent  scientific  work 
has  been  concerned  with  the  one-bat  li 
process. 

Onti-Bath  Chrome  Liquors 
Acidity  and  Neutral  Salts — The 
attainment  of  a  correct  basicity  is  impor- 
tant in  the  one-bath  method.  With  veni- 
basic  liquors  tannage  is  extremely  slow. 
With  only  slightly  basic  liquors  the  skins 
are  abnormally  plumped  by  the  acid  from 
the  salt  hydrolysis,  and  the  resultintj 
leather  is  poor.  As  the  basicity  of  ;i 
chrome  liquor  is  increased  a  point  is 
reached  where  the  chromium  begins  to 
precipitate  out.  Wien  neutral  salts  are 
present  in  tiie  liquor  more  alkali  is 
required  to  bring  about  incipient  precipitation.  Wilson  and 
Kern*  connected  this  effect  with  the  hydration  of  tlie  neutral 
salt  in  solution.  Thomas  and  Baldwin'  found  no  connection 
between  ba.sicity  as  usually  expressed  and  the  true  acidity 
determined  witli  the  hydrogen  electrode.  The  acidity  of 
chrome  liquors  decreases  with  dilution  and  with  the  time  of 
standing.  They  also  found*  that  the  addition  of  chlorides  to 
chromium  sulfate  solutions  invariably  increases  the  hydrion 
concentration,  while  sulfates  at  first  decrease  it  and  only 
increase  it  again  at  high  concentrations.  With  sulfuric 
acid,  chlorides  incrciufc  and  sulfates  decrease  the  hydrion 
concentration.  By  adding  clilorides  to  chromic  chloride 
solutions  Baldwin'  again  found  the  acidity  increased.  The  ad- 
dition of  neutral  salts  to  chrome  liquors  was  shown  by  Thomas 
and  Baldwin'  to  give  a  rapid  increase  in  acidity,  followed  by  a 
slow  dccroii.sc.  Chlorides  increase  and  sulfates  decrease  the 
hydrion  concentration  of  sulfuric  and  hydrochloric  acids. 
Magnesium  sulfate  behaves  irregularly,  decreasing  the  hy- 
drion concentration  up  to  0.8  M,  but  increasing  it  thereafter. 
Wilson'  has  shown  that  for  clilorides  this  effect  can  be  ex- 
plained by  the  hydration  of  the  .'salts  in  solution,  but  this 
cannot  hold  for  sulfates,  which  decrease  acidity.  Hence, 
Tli(iina.s  and  Foster*  extended  tlus  work,  using  sodium  chloride 
and  .sulfate,  and  sucrose,  the  latter  being  chosen  as  a  hydratiiig 
nonclcctrolytc.    Since    sucrose   did  not  retard  tanning  cx- 

'  ColdKhmidt   Fellow  of  Columbia   University   1921-2;    1851  Exliil)i- 
tloo  Scholar  of  the  Univcrdty  of  Leeds. 

*  J.  Am    UalktT  Chtm   /dsjoc,  II  (1917),  445. 
>  im..   IS   (1918),  193. 

'IM..  II   (1918),  243. 
•/Mi.,    1«    (1919),    10. 

*  J.  Am.  Ckim.  Soc.il  (1919),  19SI 
•/Mrf.,  U  (1920),  71S. 

*  This  Jotiutu.,  U  (1922),  132. 
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cept  at  concentrations  greater  than  3  M,  hydration  seems 
of  secondary  importance,  and  they  suggest  that  the  chief 
factor  is  the  formation  of  addition  compounds.  Burton' 
earlier  considered  double  salt  formation  to  be  of  slight  im- 
portance. 

Wilson  and  Gallun'"  find  th.at  the  addi- 
tion of  chlorides  retards  tanning  to  an  ex- 
tent depending  on  their  concentration. 
r^Iagnosium  chloride  is  anomalous,  the 
greatest  retardation  occurring  at  about 
molar  concentration.  Burton  and  Glover," 
using  gelatin,  find  that  the  amount  of 
chromium  adsorbed  varies  with  the  degree 
of  hydration  of  the  neutral  salt;  chlorides 
increase  and  sulfates  decrease  the  amount 
of  acid  taken  up.  In  working  on  pelt" 
tliey  find  that  chlorides  retard  tannage  to 
a  greater  degree  than  sulfates.  Burton" 
considers  that  neutral  salts  in  chromium 
sulfate  liquors  tend  to  form  acid  sulfates. 
The  equilibrium  is  thus  changed  and  more 
basic  chromium  salts  are  formed  with  sul- 
fates added  than  with  chlorides. 

The  work  on  acidity  and  neutral  salts 
demonstrates  conclusively  that  difficulties 
will  arise  in  practice  if  a  chrome  Uquor 
is  judged  solely  by  its  basicity  and  chro- 
mium content.  The  presence  of  neutral  salts  and  the  age  and 
dilution  of  the  liquor  must  also  be  taken  into  account.  Fur- 
ther light  on  the  exact  mechanism  of  these  effects  is  likely  to 
come  from  a  study  of  chromium  salts  and  solutions  from  the 
viewpoint  of  inorganic,  physical,  and  colloidal  chemistry. 

Concentration  Effects — The  effect  of  concentration  of 
chrome  liquor  on  the  adsorption  of  its  constituents  by  hide 
powder  has  been  studied  by  Baldwin'*  and  by  Thomas  and 
Kelly."  Tiie  fixation  of  cliromium  by  the  hide  powder  rises 
rapidly  to  a  maximum  at  a  concentration  of  1.6  g.  of  chromic 
oxide  per  100  cc,  then  falls  to  a  minimum  at  a  concentration 
of  14.75  g.  jjcr  100  cc,  at  which  it  remains  constant  up  to 
20.2  g.  per  100  cc,  the  limiting  value  examined.  The  hydro- 
gen-ion concentration  for  this  was  0.006  M.  These  figures 
were  obtained  by  analysis  of  the  tanned  powder.  If  the 
residual  liquor  is  analyzed,  at  the  higher  concentrations 
"negative  adsorption"  occurs,  i.  e.,  more  water  than  chromic 
oxide  is  absorbed.  The  figures  so  obtained  furnish  an  in- 
teresting example  of  tiie  danger  of  determining  adsorption  by 
analysis  of  the  residual  liquor,  a  method  implying  total 
neglect  of  the  role  played  by  the  solvent. 

Time  Effects — The  effect  of  varying  time  on  the  fixation 
of  chromium  by  hide  powder  has  been  studied  over  wide 
ranges  of  time  and  conceiitrati(Hi  by  Thomas,  Baldwin, 
and  Kelly,"  and  by  Thomas  and  Kelly."    Taking  750  as 

•  J.  Soc.  Leather  Trades'  Chem.,  8  (1921),  187. 

'•  J.  Am.  Leather  Chem.  Assoc,  15  (1920),  273. 
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"  J.  Am.  Leather  Chem.  Assoc,  IS  (1920),  147. 
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the  combining  weight  of  collagen,  on  the  Imsis  of  it  being  the 
anhydride  of  gelatin,  Wilson'*  points  out  that  for  every  100 
g.  of  collagen  at  least  3.38  g.  of  cliromic  oxide  are  necessarily 
fixed  to  produce  a  chromium  collagcnato.  Thomas,  Haldwin 
and  Kelly,  plotting  concentration  of  liquor  against  the  amount 
of  chromic  oxide  fixed  by  100  g.  of  collagen,  find  sharp  maxima, 
depending  on  the  time  but  at  the  same  concentration,  at 
amounts  of  chromic  oxide  exactly  four  and  eight  times  3.38  g., 
thus  pointing  to  the  formation  of  a  tetrachrome  and  an  octa- 
chrome  collagen.  The  octachrome  curve  also  shows  a  point 
of  inflexion,  at  a  higher  concentration  of  liquor,  corresponding 
to  a  tetrachrome  collagen.  Even  if  these  results  tlo  not  defi- 
nitely prove  the  formation  of  a  chemical  conqiound,  they  are 
of  great  significance  and  must  be  taken  into  account  in  any 
theory  of  chrome  tanning.  The  work  certainly  supports  the 
theory  of  a  chemical  combination  of  the  chromium  and  the 
hide  substance. 

Violet  .\nd  Green  Ciikome  Solutions — Chromic  salts 
in  solution  are  \'iolet  in  the  cold  and  green  when  hot,  ordinary 
solutions  being  an  equilibrium  mixture.  Two-thirds  of  the 
acid  radical  forms  i)art  of  the  cation  in  green  solution,  while 
in  the  violet  all  three  chloride  ions  (in  chromic  chloride) 
are  anions.  The  green  solutions  arc  far  more  hydrolyzed, 
and  Blockey"  showed  that  in  green  chrome  alum  solutions 
the  hydrion  concentration  is  ten  times  that  in  the  violet. 
Burton-"  found  that  violet  solutions  tan  more  rapidly  than 
green,  wliich  he  attributed  to  the  different  acidity.  Griliches''' 
found  no  difference  in  the  tanning  action  of  green  and  violet 
liquors,  but  his  theories  of  the  mechanism  of  chrome  tanning 
have  been  severely  criticized  by  Stiasny.-- 

One  curious  phenomenon  in  the  varying  amounts  of  sodium 
hydroxide  and  carbonate  necessary  to  bring  about  a  perma- 
nent precipitate  in  a  chrome  liquor  has  been  studied  by 
Burton.^'    It  is  best  shown  by  Burton's  figures. 

Cc.  0.1  .V  Aleau  Required  to  Pro- 
duce A  Permanent  Precipitate 
NaOH  NaiCOj 


That  green  solutions  should  reciuire  more  sodium  hydroxide 
than  \'iolet  is  to  be  expected  in  \-iew  of  their  greater  acidity, 
but  why  the  reverse  should  be  true  with  sodium  carbonate  is 
not  clear.  Burton  attributes  it  to  the  liberated  carbon 
dioxide  functioning  as  a  stabilizing  acid  in  solution,  and 
the  more  acid  green  liquors  driving  more  carbon  dioxide  from 
solution. 

iMeunier  and  Caste"  with  chrome  alum  solutions  found  the 
amounts  of  sodium  carbonate  necessary  to  start  precipitation 
to  be  proportional  to  the  chromium  concentration  at  0°, 
but  to  increase  more  rapidly  than  the  chromium  concentration 
at  100°.  The  amount  of  soda  requned  decreases  on  stu-ring 
and  on  heating,  due  to  the  liberation  of  carbon  dioxide  and 
the  poljTnerization  of  basic  clirome  salts.  On  aging  chrome 
solutions  the  amount  of  soda  required  at  first  rapidly  increases, 
then  slowly  diminishes  to  a  very  low  value.  From  old  or  hot 
solutions  a  basic  sulfate  is  precipitated  and  from  fresh  or  cold 
solutions,  cliromium  hydroxide. 

Burton-5  has  recently  reviewed  the  problems  of  one-bath 
chrome  tanning,  and  gives  an  extensive  bibliography. 

>»  /.  Am.  Leather  Chem.  Assoc,  12  (1917),  108. 

■'  J.  Soc.  Leather  Trades'  Chem.,  2  (1918),  205. 

''Ibid.,  4  (1920),  205. 

='  Collegium,  1920,  416. 

"  Ibid..  1920,  479. 

"  J.  Soc.  Leather  Trades'  Chem.,  4  (1920),  205. 

"  Ibid.,  5  (1921),  103,  222. 

'^Ibid..  6  (1922),   157. 


TwoBatu  Ciiuome  Liquous 

Little  work  has  been  done  on  the  two-bath  tannage. 
Innes-"  studied  the  bleeding  of  leather  from  the  first  (acid- 
liichromate)  bath.  lie  found  that  most  of  the  chromium 
which  diffuses  out  is  roibsorbed  by  the  skin,  and  that  under 
certain  conditions  bleeding  is  not  a  .serious  phenomenon. 
Schorlemmer"  points  out  the  disadvantage  of  even  traces 
of  arsenic  (0.001.5  per  cent)  in  the  .second  (acid-thiosulfate) 
bath,  and  advances  a  theory  that  the  reactions  of  the  second 
bath  are: 


NajSjOs  +  2HCI  - 
SNa^SjO,  +  6HC1 


2NaCl  4-  HiSO,  -t-  S  (1) 

■  2Na2S,0,  -f-  6NaCl  -|-  3HjO       (2) 


Arsenic  catalyzes  the  second  reaction,  and  thus  impedes  or 
prevents  reduction.  This  view  of  the  reactions  is  not  in 
accord  \vith  the  earlier  work  of  Stiasny  and  Das,^'  which  has 
met  with  general  acceptance. 

Miscellaneous  Chuome  Processes 

Cross,  Greenwood,  and  Lamb^'  have  patented  the  use  of 
concentrated  solutions  of  chrome  salts  in  gum  tragasol  jellies 
for  rapid  tanning,  and  Turnbull  and  CarmichaeP"  patented 
starch  for  the  same  purpose.  Wliile  effective  and  rapid,  the 
process  is  messy  in  use,  and  the  jelly  material  awkward  in 
the  drainage  channels  and  pipes.  Lamb^'  has  patented  the 
use  of  salts  of  hydroxy  organic  acids  for  stripping  chrome 
leather  scraps  for  glue  stock,  but  this  action  of  such  salts  in 
removing  chromium  from  leather  (and  preventing  its  proper 
tannage  in  clirome  liquors)  had  previously  been  demonstrated 
b}^  Procter  and  Wilson. ^- 

Theory  of  Chrome  Tannage 

The  theory  of  chrome  tannage  is  still  obscure.  Wilson^' 
considers  that  the  collagen  first  combines  with  a  basic  chrome 
salt  through  a  single  valence  of  the  chromium  atom.  Further 
hydrolysis  of  the  cliromium  compound  then  takes  place  and  a 
second  valence  of  the  chromium  unites  with  the  collagen. 
Still  more  slowly  the  third  valence  unites  with  the  collagen, 
and  chromium  collagenate  is  formed.  Meunier"  prefers  to 
regard  chrome  tanning  as  a  slow  and  irreversible  adsorption 
of  colloidal  chromic  oxide  with  the  precipitation  of  a  gel  on 
the  fibrO  surfaces,  followed  by  a  slow  penetration  of  the  gel 
into  the  interior  of  the  fibrils. 

Iron  Tann.\ge 

Iron  tannage  is  still  in  the  early  experimental  stage.  Pres- 
sure of  war  conditions  forced  the  Germans  to  adopt  it  to  some 
extent,  and  it  has  met  with  its  greatest  apphcation  when 
combined  with  other  tannages,  chrome,  formaldehyde,  and 
vegetable.  Most  of  the  work  so  far  is  embodied  in  the  many 
patents  wliich  have  been  taken  out  in  tliis  connection,  partic- 
ularly by  O.  Rohm  in  Gennany.  Casaburi,"  and  Jackson 
and  Hou'^  have  described  their  work  on  straight  iron  tannage 
and  have  shown  the  question  of  basicity  to  be  of  great  im- 
portance. The  keepmg  qualities  of  the  leather  have  yet 
to  be  demonstrated. 

M  /.  Soc.  Leather  Trades'  Chem..  3   (1919),   104. 
^  Collegium,  1921,  430. 
a  J.  Soc.  Chem.  Ind..  31  (1921).  753. 
»  /.  Soc.  Dyers  Col..  36  (1919),  62. 
>«  Brit.  Patent  110,470. 
"  Brit.  Patent  132.864. 
'=  /.  Soc.  Chem.  Ind..  36  (1916).  15G. 

"  Private  communication;  of.  J.  Am.  Leather  Chem.  Assoc,  12  (1917), 
108,  and  the  theory  of  alum  tanning  therein  described. 
"  Chimie  el  Industrie,  1  (1918),  71, 272. 
»  J.  Soc  Leather  Trades'  Chem.,  3  (1919),  61,  74. 
»  J.  Am.  Leather  Chem.  Assoc,  16  (1921),  63,  139,  202,  229. 
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Other  Tannages 
Verj'  little  scientific  work  has  been  done  in  recent  years  on 
taning  (tannage  with  aluminium  salts),  or  on  aldehyde  and 
oil  tannages.     Moeller"  has  advanced  some  highly  specula- 

"  CoUttiom.  nU,  23.  61,  71.  93;  lfl9,  61.  72;  IMO,  69. 


tive  theories  based  on  peptization  to  account  for  these,  but 
his  work  has  been  severely  criticized,  and  the  German 
technical  journals  have  been  occupied  with  the  resulting 
polemics. 


The  Preparation  of  Skin  for  Tanning 

By  John  Arthur  Wilson 
Chief  Cusmist,  A.  F.  Gallun  &  Sons  Co..  MilwauksB.  Wisconsin 


THE  apparently  slow  development  of 
the  chemistry  of  leather  manufac- 
ture has  been  due  to  its  extreme 
complexity  rather  than  to  any  lack  of  sym- 
pathy on  the  part  of  practical  tanners. 
This  branch  of  industrial  chemistry  deals 
with  reactions  between  those  poorly  de- 
fined groups  of  substances,  usually  col- 
loidal, whose  compositions  are  stiU  mat- 
ters for  speculation.  The  raw  skin  is 
composed  largely  of  various  kinds  of  pro- 
tein matter  and  is  complicated  by  a 
structure  which  varies  considerably  in  dif- 
ferent animals  and  even  in  different  parts 
of  the  same  skin.  Conversion  into  leather 
involves  the  removal  of  some  of  these  pro- 
teins by  the  action  of  alkalies,  enzymes,  or 
bacteria,  and  the  interaction  of  the  re- 
mainder with  tanning  materials,  oils, 
soaps,  emulsions,  mordants,  dj'cstuffs, 
gums,  resins,  and  other  complex  mate- 
rials. During  these  reactions  the  structure  of  the  skin 
must  be  carefully  preserved  or  improved,  and  higiily  de- 
veloped technic  is  required  to  impart  to  the  resulting  leather 
certain  neccs.8ary,  but  almost  indefinable,  properties,  many 
of  which  it  is  an  art  even  to  appreciate  fully.  When  one 
considers  the  vast  amount  of  energy  expended  by  organic 
chemists  upon  the  materials  involved  in  making  leather  and 
the  uncertuinty  of  our  knowledge  concerning  the  individual 
pubst an (•(•.«,  the  complexity  of  the  whole  problem  becomes 
more  apparent. 

HiSTOLOOY  AND  ChEMICAL  COMPOSITION  OF  SkIN 

Scientific  investigations  in  tlie  preparation  of  skin  for 
fanning  have  been  retarded  by  insufficient  knowledge  of  the 
histology  and  chemical  composition  of  the  skins  of  the  lower 
animals  which  have  structures  verj-  different  from  human 
.skin.  The  neetl  has  been  well  ajipreciatcd,  but  very  few 
leather  chemi.st.s  have  had  the  time,  facilities,  or  technic 
required  to  obtain  the  de.sired  information. 

Recently,  however,  the  literature  on  the  histologj'  of  skin 
has  Ivceii  greatly  enhanced  by  a  valuable  series  of  articles 
published  by  .\lfred  Scyniour-.Fones.'  In  addition,  studies 
have  l>een  in  progress  in  the  Amter's  laboratories  during  the 
past  four  years  of  the  microscopic  structure  of  the  skins  of 
the  lower  animals  and  the  changes  undergone  during  their 
conversion  into  leather.  Part  of  this  work  has  already  been 
present.d    and  its  scope  is  gradually  being  extended.     The 

'"Phy.ioIorjf  of  the  Skin."  J.  Soc.  Lralher    Trades'    Chem..   191T-at 

>  "A  Trip  ihiough  the  Tannery  on  the  Inside  of  a  Calfskin,"  presented 
at  the  nSnd  Meeting  of  the  American  Chemical  Society,  New  York.  N.  V.. 
September  0.  1B2I.  publication,  including  numerous  photomicrographs,  rc- 
•cnred  for  the  Society's  monofraph  on  "The  Chemistry  of  Leather  Manu- 


importance  of  such  studies  warrants  their 
becoming  more  widespread. 

A  review  of  the  literature  on  the  chemi- 
cal constituents  of  skin  has  recently  been 
made  by  F.  L.  Sejinour-Jones.'  The  diffi- 
culty in  making  quantitative  separations 
of  the  protein  constituents  of  skin  makes 
this  type  of  study  even  more  difficult  than 
that  of  liistology. 

JMany  of  our  conceptions  of  the  physical 
chemistry  of  the  skin  proteins  have  been 
derived  from  investigations  on  gelatin, 
l)articularly  those  of  Procter*  and  his 
collaborators,'  and  of  Jacques  Loeb.' 
Loeb's  work  is  a  splendid  example  of  the 
common  interest  which  all  branches  of  the 
science  have  in  fundamental  research. 
Although  performed  for  its  value  to  phys- 
iology, it  has  proved  of  great  impor- 
Arthur  Wilson  tance  to  leather  chemistry. 


Preservation  and  Disinfection  of  Skin 

Raw  .skins  are  highly  putrescible,  and  it  is  necessary  to 
preserve  them  in  some  way  until  the  first  tanning  operation. 
This  is  usually  done  by  saturating  with  common  salt,  or  by 
drying. 

The  attention  of  chemists  has  frequently  been  dra\vn  to  the 
appearance  of  stains  on  salted  skins,  usually  called  salt  stains 
because  their  frequency  of  occurrence  was  found  to  be  in- 
fluenced by  the  composition  of  salt  used  and  the  method  of  its 
application.  The  staining  is  apparently  due  to  a  combination 
of  the  skin  jiroteins  with  iron,  derived  either  from  the  skin 
itself  or  from  the  added  salt.  In  their  natural  state  the  iron 
compounds  of  the  skin  are  incapable  of  staining,  but  assume 
this  power  if  rendered  soluble  by  bacterial  or  purely  chemical 
action. 

J.  Paessler'  found  that  the  percentage  of  stains  could  be 
greatly  reduced  by  using  salt  containing  3  per  cent  of  its 
weight  of  anhydrous  sodium  carbonate.  This  retarded 
bacterial  action  prevented  iron  from  passing  into  solution 
and  served  as  a  denaturant,  in  place  of  some  more  harmful 
materiid,  in  those  countries  of  lOurope  where  edible  salt  is 
taxed  and  salt  for  industrial  purposes  must  be  denatured. 
Ai)t,'  finding  some  bad  cases  of  staining  were  due  to  calcium 
sulfate  in  the  salt  used,  pictured  the  reactions  as  follows: 

•This  Jouknai.,  It  (1922),  130. 

•  J.  Chem.  Soc,  105  (1914),  313;  109  (1916),  307. 

•  /.  Am.  Chem.  Soc,  40  (1918),  886. 

•  J.  General  Physiol.,  1918-21;  "Proteins  and  the  Theory  of  Colloidal 
Behavior,"   McGraw-Hill,  1999. 

'  "Salting  of  Hides  and  Skins."  Lederlechnischen  Rundschau,  1912,  137. 

•  "Microscopical    Hxamination   of   Skin    and    Leather   Applied   to   the 
Study  of  Salt  Stains,"  Collegium.  1914,  130. 
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The  eiilcium  sulfiite  reacted  with  ammonium  phosjjliato  from 
the  nueleie  acids  of  the  skin,  i)recipitatin2;  calcium  phosphate; 
the  ammonium  sulfate  thus  formed  rendered  soluble  the 
ferrous  carbonate  naturally  occurring  in  the  skin,  which  in 
turn  combined  with  the  skin,  forming  a  stain.  Heckcr' 
showed  that  the  stains  could  be  produced  by  pure  cultures  of 
bacteria  isolated  from  the  stains.  Romana  and  RaUlracco'" 
prevented  the  stains  by  adding  sodium  fluoride  to  the  salt 
or  by  washing  the  lym])h,  containing  much  of  the  iron,  out 
of  the  skins  immediately  after  flaying,  but  before  salting. 

Dried  skins  often  come  from  regions  infected  with  cer- 
tain disease  germs,  of  which  anthrax  is  the  one  most  dreaded. 
Such  skins  must  be  disinfectted  and  ajiijarently  the  best 
method  de\dsed  is  that  of  Alfred  Seym<)ur-,Jones,"  which 
consists  of  soaking  the  dried  skins  for  from  1  to  3  days  in  a 
solution  of  1  per  cent  of  formic  acid  and  0.02  per  cent  of  mer- 
curic chloride,  followed  by  immersion  in  a  saturated  salt 
solution  for  an  hour,  draining  and  baling  for  shipment. 
Both  Abt  and  Seymour-Jones  have  pointed  out,  liowever, 
that  hides  would  contain  no  anthrax  if  dried  in  ,the  sun 
immediately  after  flaying. 

Changes  begin  to  take  place  in  the  skin  immediately  after 
the  death  of  the  animal.  McLaughlin'-  recently  found  that 
the  degree  of  swelling  of  hide  in  limewater  depends  upon  the 
time  lapse  since  the  death  of  the  animal.  As  for  the  practical 
significance  of  this  fact,  the  wTiter  has  {)ut  into  process  to- 
gether both  properly  preserved  skins  and  skins  taken  from 
animals  within  an  hour  after  death  and  could  detect  no 
difference  in  the  finished  leathers  by  microscopical,  chemical, 
and  physical  analysis. 

So.^KiNG  .\.\D  Fleshing 

Among  the  first  tamiery  operations  are  washing  to  remove 
blood  and  IjTnph,  soaking  in  cold  water  for  several  days  to 
swell  the  fibers  and  bring  them  again  into  equilibrium  with 
water,  and  the  removal  of  the  adipose  tissue  or  flesh.  The 
contribution  of  chemists  in  the  soaking  operation  has  been 
in  the  direction  of  hastening  the  absorption  of  water,  in  the 
case  of  dried  skins,  by  the  addition  of  acids  or  alkaUes  under 
proper  control.  The  reason  why  skins  must  be  completely 
wet  back  before  fleshing  or  tanning  is  prettily  illustrated  in 
a  paper  on  gelatin  by  Sheppard  and  Elliott."  Cubes  and 
cylinders  of  gelatin  jelly  always  suffer  a  change  of  shape  dur- 
ing drj'ing  because  of  the  greater  initial  rate  of  drjing  and 
casehardening  of  the  edges.  vSkins  fleshed  without  sufficient 
preliminary  soaking  will  look  smooth  on  the  flesh  side  upon 
coming  from  the  fleshing  machine,  but  later,  when  the  skin 
has  absorbed  more  water,  the  flesh  side  will  be  so  ragged  and 
uneven  as  to  require  further  treatment.  If  dried  skins  are 
not  completely  soaked  back  before  entering  the  tan  liquors, 
the  distortions  suffered  by  the  fibers  during  the  original 
drying  will  be  permanently  fixed  by  the  tanning  action  and 
the  leather  will  never  have  the  proper  suppleness. 

Unhaieing 

Recent  microscopical  studies  have  demonstrated  clearly 
that  the  loosening  of  the  hair  and  epidermis  by  the  common 
methods  of  liming  and  sweating,  as  well  as  by  the  newer 
methods  invohdng  enzyme  action,  is  due  to  the  digestion  of 
the  cell  walls  of  the  Malpighian  layer  of  the  epidermis  resting 
on  the  true  skin,  the  destruction  of  which  leaves  the  hair  and 
epidermis  completely  separated  from  the  rest  of  the  skin. 

•  "Salt  stains,"  Collegium.  1912,  408. 

>»  "Salting  of  Hides  and  Avoidance  of  Salt  Stains,"  Collegium.  1912, 
533. 

'>  "Formic-Mercury  Anthrax  Sterilization  Method,"  London,  1910; 
"Anthrax  Prophylaxis  in  the  Leather  Industrj-,"  /.  .4m.  Leather  Chem. 
Assoc..    17    (1922),   55. 

■»  J.  .Am.  Leather  Chem.  Assoc,  16  (1921),  435. 

»  J.  .4m.  Chem.  Soc.,  44  (1922),  373. 


Since  sterile  limcw.atcr  has  little  unhairing  action  on  .skins, 
it  W!vs  long  thought  that  bacteria  wore  necessary  for  this 
action.  Hut  Schlichte'^  found  that  skin  previously  sterilized 
by  the  Seymour-Jones  i)rocess  could  be  unhairod  easily  after 
two  weeks  of  contact  with  saturated  limewat«r  under  sterile 
conditions.  Wood  and  Law,"  however,  pointed  out  that  the 
action  may  have  been  influenced  by  the  previous  swelling 
of  the  skin  in  the  sterilizing  .solution.  This  action  of  swelling 
aeents  in  making  protein  matter  more  susceptible  to  hydroly- 
sis is  now  receiving  increjused  attention. 

Riihin'"  devised  a  jirocess  for  unhairing  by  means  of  an 
alkaline  trypsin  solution.  In  describing  Rohm's  process, 
Hollander"  pointed  out  that  a  skin  can  be  unhaired  by  soak- 
ing for  one  day  in  a  dilute  solution  of  sodium  hydroxide  and 
then  for  one  day  in  a  solution  of  sodium  bicarbonate  to  which 
trypsin  is  added  after  the  swelling  of  the  skin  has  been  coun- 
teracted. In  the  discussion  following  Rohm's  presentation 
of  his  paper,  Eberle  expressed  doubt  that  the  hair  loosening 
was  due  to  the  enzyme.  In  a  recent  investigation,  Wilson  and 
Gallun"  confirmed  Hollander's  findings  and  showed  that  the 
action  proceeds  slowly  in  the  ab.sence  of  the  enzyme,  but  is 
greatly  acc(>lerated  by  its  presence  and  by  rise  of  temperature 
up  to  40°;  but,  when  the  experiments  were  conducted  under 
toluene  to  check  bacterial  action,  there  was  no  unhairing  action 
at  25°,  but  a  very  marked  action  at  40°,  indicating  that 
pancreatin  is  an  unhairing  agent  at  40°  but  that  the  action 
obtained  at  lower  temperatures  in  practice  is  due  to  some- 
thing other  than  pancreatin. 

Ross''  patented  a  process  for  unhairing  with  thrombase 
naturally  occurring  in  skin.  If  proved  sound,  his  view  will  be  an 
important  addition  to  our  knowledge  of  the  action  of  old  lime 
hquors.  J.  T.  Wood,="  of  Nottingham,  found  that  formic  acid 
will  unhair  a  skin  if  sufficient  time  is  allowed.  The  subject  of 
acid  unhairing  has  since  been  review-ed  by  Marriott.-'  Appar- 
ently anything  that  will  hydrolyzc  the  newly  formed  cells  of 
the  epidermis  without  injuring  the  rest  of  the  skin  is  a  satis- 
factory unhairing  agent. 

The  extent  to  which  the  unhairing  agent  swells  the  skin 
has  an  important  effect  on  the  appearance  of  the  finished 
leather,  excessive  swelling  tending  to  produce  a  roughness 
of  the  grain  surface.  Atkin--  was  able  to  reason  from  the 
theories  of  Procter,  Wilson,  and  Loeb-^  that  the  addition  of 
arsenic  disulfide  to  a  lime  liquor  should  cause  less  swelling 
than  the  addition  of  sodium  sulfide  and  thus  leave  the  skin 
with  a  finer  grain  surface.  His  reasoning  is  borne  out  in 
practice  in  the  case  of  glazed  kid  leathers. 

B.\TING 

One  of  the  greatest  blessings  which  the  industry  has  derived 
from  chemistry  is  the  replacement  of  the  obnoxious  dungs 
formerly  used  in  bating  by  pancreatic  enz3Tnes.  After 
luning,  unhairing,  and  washing  the  skins,  it  was  customary 
to  put  them  into  warm  infusions  of  the  dung  of  dogs  or 
fowls  until  they  had  become  very  soft  and  flaccid.  The  dung 
appeared  to  be  necessary  to  remove  some  undesirable  con- 
stituent of  the  skin  until  Wood,"  in  1898,  discovered  that  the 
same  action  could  be  obtamed  by  pancreatin  under  suitable 

"  J.  Am.  Leather  Chem.  Assoc.,  10  (19lS),  585. 

15  J.  Soc.  Chem.  Ind..  35  (1916),  585. 

IS  Collegium.  1913,  374. 

"  J.  Am.  Leather  Chem.  Assoc.  16  (1920),  477. 

w  "Pancreatin  as  an  Unhairing  Agent"  (not  yet  published). 

"  Brit.  Patent  169.730;  cf.  C.  A.,  16  (1922).  853. 

^0  Private  communication  to  writer  in  1916;  /.  Am.  Leather  Chem. 
Assoc.  12  (1917),  114. 

!■  J.  Soc  Leather  Trades'  Chem.,  S  (1921),  2. 

::  This  Journai,,  14  (1922),  412. 

28  Loc  cit. 

"  "Puering,  Bating,  and  Drenching  of  Skins,"  E.  and  F.  X.  Spon, 
London. 
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coniiition^.  Just  what  constituent  was  removed,  however, 
remained  in  doubt  for  many  years.  Rosenthal"  found  that 
the  matcriftl  removed  was  a  protein,  and  assumed  that  it  was 
elastin.  .Mfrwl  Sryinour-Jones,"  in  collaboration  with 
Wood,  studied  the  effect  of  bating  with  pancreatin  and  con- 
cluded that  bating  di.ssolves  the  ehistin  fibers  of  the  grain 
membrane.  Wilson  and  Daub-'  examined  the  bating  action 
under  the  microscope  and  showed  uiunistakably  that  the 
elastin  fibers  were  dissolved  away  com])letely  by  the  action 
of  pancreatin.  They  then  made  an  exhaustive  study  of 
the  rate  of  digestion  of  elastin  fibers  from  calfskin  as  a  function 
of  concentration  of  enzyme  and  ammonium  chloride,  time, 
and  pH  value,  which  has  reduced  the  control  of  this  opera- 
tion from  one  of  the  most  difficult  to  one  of  the  simplest 
in  the  tanner}'. 

The  empirical  method  for  determining  the  completion 
of  the  bating  process  is  by  noting  when  the  swelling  or  plump- 
ing of  the  skin  has  been  entirely  counteracted  and  the  skin 
is  quite  flaccid.  Wil.«on  and  Daub  obser\Td  a  point  of  mini- 
mum plumping  at  a  pH  value  of  about  8.  Hut  Thomas  and 
Kelly"  and  Porter-'  found  the  isoelectric  point  of  collagen  to 
be  at  about  pH  =  5.  More  recently  Wilson  and  Gallun'° 
made  a  careful  study  of  the  plumping  of  unliaired  calfskin  as  a 
function  of  pH  value  and  found  two  points  of  minimum,  one 
near  5  and  the  other  near  8,  the  one  near  5  having  the  lower 
value.  This  seems  to  indicate  that  what  we  call  collagen  con- 
sists of  a  mixture  of  proteins  of  very  different  isoelectric  point, 
or  else  that  collagen  undergoes  some  internal  change,  possibly 
tautomeric,  with  change  of  pH  value  that  tends  to  shift  its  iso- 
electric point. 

It  has  generally  been  thought  that  pancreatin  is  practically 
without  action  upon  collagen.  In  fact  Wilson  and  Daub 
could  detect  no  appreciable  destruction  of  collagen  under 
the  microscope  while  observing  the  com|3lete  solution  of 
elastin.  But  F.  L.  Seymour-Jones,"  exijerimenting  upon 
hide  powder,  has  found  that  under  the  right  conditions  and 
with  sufficient  iiuantity  of  enzyme,  collagen  is  easily  attacked 
and  dissolved  by  pancreatin.  Wilson  and  Gallun  have  found 
that  piuicreatin  will  dissolve  calfskin  if  given  sufficieiit  time. 
In  one  cxi)erinient  they  found  no  visible  destruction  of  colla- 
gen for  the  first  24  hrs.,  but  during  the  second  day  the 
filwrs  began  to  di.ssolve  comparatively  very  rapidly, 
suggesting  that  the  fibers  pos.se.ss  a  very  tliin  surface  much 
more  resistant  to  tryptic  digestion  than  the  substance  in  the 
interior.  The  action  of  enzymes  on  skin  during  its  prepara- 
tion for  tanning  offers  a  fertile  field  for  further  research. 

-J.  Am.  Ualhtr  Chtm.  Assm.,  11  (1016).  403. 

■y.  S«.  Ltalhrr  Tradtl-  Chrm.,  4  (1920).  60. 

"  This  Jouiimal.  11  (1920).  1087;  IS  (1921),  1137. 

»  J.  Am.  Chtm.  Soc..  M  (1922),  195. 

■  .;.  Soc.  LtalhtT  Traiti-  Chtm.,  6  (1921),  259. 

••"Poiotf  of  Minimum   Plumping  of  Calfskin"    (not   yet    published). 

■'  Advance    note. 


A  final  i-xaminatiim  for  appointment  of  second  lieutenants  in 
the  Hi-gtilar  Army  will  be  held  the  week  beginning  Octol>er  2'.i, 
1922.  and  appuintments  will  be  tendered  successful  candidates 
ns  ■-••<'"  I  i..,^il)lc  after  December  HI,  1922,  in  the  following 
!>' 1  TV,  Cavalrs'.   I'"icld  Artillery.  Coast  Artillery, 

Ah  ,  i)f   Engineers,  Signal   Corps,   (Quartermaster 

Ci-:  l>cpartment,     Chemical     Warfare     Service, 

l'"-  lit.  and  Philippine  Scouts.     Applicants  must 

be  Iiiiird  .States  Ijctwcen  the  ages  of  21  and  ;:i() 

yc-'i  lid, lie  is  |>ermitte(l  to  express  his  first  and  sec- 

ond ill •■,■  •  !hc  liriii.h  nf  .service  in  which  he  desires  to  be 
appoinli.l.  I. Ill  ilic  U  ir  Department  reserves  the  right  to  make 
assignmeMi-  m  v]  ,•  •  ;  I.T.imhcs  of  the  scrv'icc  it  may  be 
necessary.     Th.  .v  secure  application  blanks  and 

further    inform. i  Commanding    Officer,  Seccnid 

Corjw  Area,  ("...  \,     ^■     ,,r  the  nearest  mihtary 

post. 


H.  T.  Clarke 


Rare  Organic  Chemicals 

By  H.  T.  Clarke 

Eastm.\n  Kodak  Co.,  Rochkster,  N.  V. 


BY  "rare  organic  chemicals"  is  here  understood  chemicals 
rciiuired  in  relatively  small  quantities  exclusively  for 
laboratory  purposes,  whether  for  chemical  research, 
analytical  work,  or  experimentation  in  medical  or  physical 
science.     Certain  of  the  chemicals  employed  in  pharmacy, 

perfuming,  flavoring, 
and  other  industries 
imght  reasonably  be 
classed  under  this 
head;  but  in  this  article 
the  above  definition 
will  he  followed,  to  the 
("xclusion  of  all  indus- 
trial products. 

The  liistory  of  the 
progress  of  the  manu- 
facture of  this  class 
of  chemicals  in  the 
I'nited  States  realty 
dates  from  eight  years 
ago,  when  the  supply 
from  Germany  ceased, 
lieforc  that  time  prac- 
tically nothing  of  the 
sort  was  made  in  this 
cou  ntry ,  American 
chemists  being  content 
to  draw  their  i-equire- 
mcnts,  either  directly  or  through  supijly  houses,  from  the  two 
important  German  firms  which  between  them  had  built  up 
the  .source  from  which  the  needs  of  the  entire  world  were  filled. 
When  the  pinch  came,  practically  nothing  was  done  during  the 
first  three  years  to  relieve  the  situation,  since  the  attention 
of  chemical  manufacturers  was  necessarilj'  directed  to  more 
urgent,  at  any  rate  more  spectacular,  problems.  The 
first  step  was  taken  in  1916  in  the  University  of  Illinois, 
when  Prof.  C.  G.  Derick  inaugurated  a  vacation  class  in 
which,  under  his  direction,  the  otherwise  inacoes.sible  organic 
chemicals  rwiuired  during  the  coming  j'ear  were  prepared. 
This  valuable  work,  which  did  not  excite  imitation  in  other 
universities,'  was  continued  in  the  same  laboratory  Idj'  Prof. 
Roger  Adams,  wiio  was  able  to  supply  a  certain  proportion  of 
the  products  of  the  Illinois  laboratory  to  other  universities. 
It  was  not  until  the  latter  part  of  191S  that  comniorcial 
firms  began  to  enter  the  field.  The  first  of  these  was  the 
Eastman  Kodak  Co.,  wiiose  action  was  followed  by  a  number 
of  concerns,  in  particular  the  lieyl  Laboratories,  the  Special 
Clieinicals  Co.,  and  the  Synthetic  Ijaboratories  of  Chicago, 
organized  for  the  specific  purpose  of  manufacturing  research 
organic  chemicals. 

The  success  of  these  undertakings  has  of  course  depended 
largely  on  the  cooperation  of  the  manufacturers  of  those  or- 
ganic chemicals  that  are  cmi)loyed  on  a  larger  scale,  and  this 
has  in  all  cases  been  cordially  and  generously  accorded. 
Manufacturers  of  crudes,  intermediates,  .anil  dyes,  such  as 
The  Barrett  Co.,  E.  I.  diiPont  de  Nemours  "&  Co.,  The 
National  Anihne  &  Chemical  Co.,  the  Calco  Chemical  Co., 
The  Dow  Chemical  Co.,  The  Monsanto  Chemical  Works, 
The  Shei-win-Williams  Co.,  to  mention  but  a  few  of  the  more 

I  An  exception  should  be  made  in  the  case  of  the  University  of  Wis- 
consin in  which  a  considerable  amount  of  time  has  more  recently  been  de- 
voted to  the  preparation  of  chemicals  for  its  own  use. 
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importniit.  have  cimtiiuiMlIy  fiiniislicd  iiifi)nii.'itiim  as  ti)  tlic 
products  they  inanufactitrc  not  only  for  salr  Imt  for  their  own 
use.  The  same  has  been  the  case  with  tlie  firms  manufactur- 
ing pharniaceuticals,  perfumes,  and  flavoring  chemicals. 
Some  of  these  concerns  have  indeed  contributed  nobly  by 
putting  in  the  market,  often  without  financial  profit,  lines 
of  pure  organic  chemicals  for  research  and  development  pur- 
poses. This  h.'is  l)een  done  by  the  U.  S.  Industrial  Chemi- 
cal Co.  (pure  alcohols  and  esters),  the  I''ries  &  I'^ries  Co. 
(pure  acids  and  esters),  the  Digest! v(>  Ferments  Co.  (rare 
sugars  for  bacteriology),  and  the  General  Motors  Researcli 
Corporation  (hydroaromatic  compounds). 

\'alual)le  work  has  also  been  done  by  certain  firms  who  have 
made  readily  available  certain  com|)ounds  tiiat  had  hitherto 
been  classed  as  "rare  chemicals."  Thus,  The  Dow  Chemical 
Company  now  produces  pure  ethylene  glycol,  ethylene 
chlorohydrin  and  its  acetate,  and  dichloroacetic  acid;  the 
Standard  Oil  Company  and  Carbide  &  Carbon  Chemicals 
Corporation  have  rendered  isopropyl  alcohol  as  accessi})le  a 
solvent  as  ethyl  alcohol;  while  the  Hirsch  Laboratories  have 
placed  on  the  market  a  series  of  aliphatic  amines  and  their 
derivatives. 

With  regard  to  the  avowedly  rare,  and  therefore  generally 
expensive,  organic  chemicals,  the  greatest  number  have  been 
prepared  in  the  Research  Laboratory  of  the  Plastman  Kodak 
Co.,  who  now  have  a  list  of  over  l.SOO  different  chemicals. 
No  attempt  has  been  made  to  develop  any  s])(H'ial  line,  for 
the  object  has  been  to  prepai'e  only  those  chemicals  that  are 
not  produced  commercially  on  a  technical  scale,  and  to  build 
up  as  long  a  series  of  rare  organic  chemicals  in  as  short  a  time 
as  possible.  During  the  past  12  mo.,  253  new  chemicals 
have  been  added  to  the  list,  of  which  187  were  prepared  in 
the  Eastman  Kodak  Laboratories.  The  remaining  26  per 
cent  can  be  accounted  for  principally  by  the  growth  of  the 
range  of  organic  chemicals  produced  technically.  It  is  in- 
teresting to  note  in  this  connection  that  the  list  of  Kahlbaum 
contains  the  names  of  ju.st  over  2000  organic  chemicals,  so 
that  to  reach  tliis  number  not  much  more  than  three  years 
more  should  be  necessary.  There  can  be  little  doubt, moreover, 
that  the  manufacturers  of  rare  organic  chemicals  in  Germany 
are  (or  were)  able  to  draw  upon  a  much  wider  group  of  com- 
mercial chemicals  than  has  yet  been  possible  in  the  United 
States;  this  would  explain  the  occasional  startling  differences 
in  price  between  certain  German  chemicals  and  the  same 
products  listed  as  rare  chemicals  in  tliis  country. 

One  of  the  most  spectacular  fields  of  rare  organic  chemicals 
is  occupied  by  the  sugar  family.  The  production  of  these 
compounds  constitutes  ahnost  a  special  branch  of  chemistry 
in  itself,  and  there  are  few  organic  chemists  who  would  dare 
to  enter  this  field  without  special  preparation.  i\inerican 
chemists  and  bacteriologists  are  thus  greatly  indebted  to  the 
Digestive  Ferments  Company  and  to  the  Special  Chemicals 
Company  for  their  fine  work  in  making  available  an  exten- 
.sive  list  of  the  uncommon  sugars  in  pure  form.  The  amount 
of  skill  and  labor  neces.sary  for  their  ]5reparation  and  the  ur- 
gency with  wliich  they  are  required  for  special  work  may  be 
estimated  from  their  cost,  wliich  in  certain  instances  amounts 
to  several  dollars  per  gram.  An  allied  field  is  represented  in 
the  amino  acids  required  for  bacteriological  and  physio- 
logical research.  Here  again  valuable  se^^•ices  have  been 
rendered  by  the  Special  Chemicals  Company  and  the  Ab- 
bott Laboratories,  as  well  as  by  certain  private  workers, 
notably  'Mr.  H.  J.  Bean,  who  has  specialized  in  physiological- 
chemical  reagents  of  the  meticulous  degree  of  puritj'  required 
for  such  work. 

Another  highly  technical  branch  of  chemistry  w^hich  has 
collaborated  with  the  medical  sciences  is  the  production  of 
bacteriological  and  medicinal  dyes,  an  alliance  wliich,  while 


already  extensive,  is  ajiparently  still  in  the  infancy  of  its 
|)ossibilities.  The  admirable  work  carried  out  by  the  Hej'l 
Laboratories— now  incorporated  with  the  National  Anilirx! 
&  Chemical  Company — (constitutes  an  almost  unique  achiove- 
nu^nt  in  this  ilomain.  the  quality  of  their  products  surpassing 
those  of  the  Kuro|)ean  laboratories. 

Closely  reflated  are  the  indicators  eniployed  in  the  modern 
methods  involving  hydrogen-ion  cfmcent ration.  The  works 
of  Clark  and  Lubs,  of  .Vcree,  and  of  Walpole  have  demon- 
strated the  great  value  of  the  sulfonphthalein  family  of  indi- 
cators (which,  by  the  way,  are  also  employed  in  experimental 
medicine),  and  this  series  of  dyes  has  been  well  taken  care 
of  by  the  Pyrolectric  Instrument  Co.,  The  Coleman  and 
Bell  Co.,  Ilynson,  VVest(-ott  ami  Dunning,  and  LaMotte 
Chemical  Products  Co.,  all  of  wliich  also  manufacture  the 
more  important  of  the  other  indicators. 

It  is  difficult  for  the  average  chemist  in  hLs  laborator}'  to 
keep  himself  informed  of  the  various  products  that  are  avail- 
al)le;  and  to  assist  such  workers  a  list  of  American  Research 
Chemicals  has  been  prepared  under  the  auspices  of  the 
National  Research  Council  by  Dr.  Clarence  J.  West.  It 
would  be  difficult  to  exaggerate  the  value  of  this  list,  which 
is  published  annually  and  contains  the  name  of  every  avail- 
able chemical,  together  with  an  index  number  for  the  firms 
fi'oni  which  it  can  be  oljtained.  Dr.  West  certainly  deserves 
the  gratitude  of  e\'ery  chemist  for  the  admirable  way  in  which 
he  has  discharged  his  laborious  task. 

Publicity  is  also  being  given  to  methods  for  the  prepara- 
tion of  a  number  of  rare  organic  chemicals.  In  the  organic 
chemical  manufactures  of  the  University  of  Illinois,  to  which 
reference  was  made  above,  a  number  of  chemical  reactions 
are  studied,  and  reports  of  these  have  been  published  annually 
in  the  University  of  Illinois  Bulletin  by  Roger  Adams,  O. 
Kamm,  and  C.  S.  Marvel.  The  information  contained  therein 
is  of  great  value  to  all  chemists  engaged  in  organic  research 
work.  Another  series  of  .annual  publications,  also  stimulated 
into  existence  by  Dr.  Roger  Adams,  dealing  with  the  prepa- 
ration of  organic  chemicals,  is  that  entitled  "Organic  Syn- 
theses" (John  Wiley  &  Sons).  This  is  a  more  elaborate  work, 
in  which  each  of  the  preparations  described  has  been  drawn 
up  so  as  to  leave  no  possibility  of  doubt  and  mistake  in  pro- 
cedure, and  has  been  carefully  checked  by  a  member  of  the 
editorial  board. 


The  Public  Health  Institute  of  Chicago  has  undertaken  to 
finance  the  cooperative  research  between  the  University  of  Wis- 
consin Medical  School  and  the  Chemical  Department  of  North- 
western University,  which  in  the  past  has  been  supported  by 
appropriations  from  the  U.  S.  Interdepartmental  Social  Hygiene 
Board.  This  research,  which  has  been  devoted  to  attempts  to 
improve  the  treatment  of  syphiUs  of  the  central  ner\-ous  system, 
has  been  directed  by  Dr.  W.  Lee  Lewis  and  Dr.  F.  C.  Whitmore 
of  Northwestern  University,  and  Dr.  A.  S.  Loevenhart  and  Dr. 
W.  F.  Lorenz  of  the  University  of  Wisconsin.  The  PubUc 
Health  Institute  has  appropriated  §21,600  for  the  use  of  both 
universities  during  the  coming  year. 


A  series  of  lectures  on  the  Geology  of  Commerce  and  Industry 
is  to  be  given  by  Dr.  Ernest  R.  Lilley  at  the  School  of  Commerce. 
New  York  University.  During  the  fall  term  the  commercial 
geology  of  the  fuels,  chemicals,  and  building  materials  will  be 
discussed  in  a  nontechnical  manner,  covering  for  each  of  the 
basic  commodities  the  properties  and  uses,  methods  of  exploita- 
tion and  conservation,  including  mining  and  preparation  for 
market,  and  the  relation  between  market  prices  and  production 
costs.  During  the  spring  term  the  lecturer  will  treat  the  com- 
mercial geology  of  the  metals,  dividing  the  subject  as  follows: 
the  iron  group,  the  nonferrous  metal  group,  the  precious  metals, 
and  the  process  minerals.  Stress  will  be  laid  upon  the  nature 
and  cost  of  smelting  and  refining. 
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Organic    Catalysis 

By  E.  Emmet  Reid 
Johns  Hopkins  r.vivERSiTy,  Bautlmorh,  Maryland 


THK  PAST  year  hius  seen  much  activity  in  the  study  of 
the  mechanism  of  cataly.si.s  and  a  more  exact  study  of 
the  influence  fif  the  precise  method  of  preparation  of 
a  catalyst  on  it«>  acti%-ities,  both  qualitatively  and  quanti- 
tatively. The  most  striking  contributions  to  the  literature 
arc  briefly  summarized  in  the  foUow-ing 
paragraphs. 

The  mechanism  of  catalysis  has  been 
studied  by  Langmuir.'  Taylor  and  Bums^ 
lay  a  foundation  for  reasoning  and  calcu- 
lating by  measuring  the  adsorption  of 
hydrogen,  carl)on  monoxide,  carl)on  diox- 
ide, and  ethylene  i)y  nickel,  cobalt,  iron, 
platinum,  and  palladium.  They  find  tiiat 
adsorption  is  specific  and  that  satura- 
tion is  reached  at  low  pressures.  Prep- 
aration.s  of  the  metals  which  are  good 
absorbers  arc  good  catalyst.s. 

Palmer  and  Palmer'  make  an  intensive 
study  of  the  hydrogenation  of  ethylene  and 
explain  all  their  results  in  terms  of  the 
absorption  of  hydrogen  or  ethylene  on  the 
surface  of  the  nickel.  .\t  first  the  metal 
is  coveretl  with  hydrogen  and  the  reaction 
is  slow.    Some  of  this  is  driven  off'  by  the  g  p, 

heat  of  the   reaction   and   ethylene   con- 
denses on  a  part  of  the  surface.    This  is  the  condition  of  max- 
imum efficiency  and  the  reaction  slows  up  when  too  much 
ethylene  chokes  up  the  surface. 

RideaP  can  find  no  period  of  induction  except  when  ox-j-gen 
is  present.  lie  adopts  Langmuir's  view  that  the  metal  is 
covered  with  a  film  of  hydrogen  and  ethylene  one  molecule 
deep  and  that  the  reaction  is  between  the  ethylene  and 
hydrogen  molecules  that  find  themselves  adjacent  in  this  film. 

Maxtc(P  makes  a  quantitative  study  of  the  influence  of 
poisons,  lead,  mercury,  sulfur,  and  zinc,  on  the  occlusion  of 
hydrogen  by  palladium  and  on  the  catalytic  power  of  plat- 
iniHii  luid  palladium.  The  rate  at  which  hydrogen  is  taken 
up  is  affected  far  more  than  the  amount,  two  weeks  being 
required  for  saturation  with  19  per  cent  of  lead  on  the  palla- 
dium. With  17  iier  cent  of  lead  the  amount  of  hydrogen 
absorbed  is  reduced  only  50  per  cent  while  the  rate  of  hydro- 
genation is  decrease<l  98  per  cent,  which  indicates  that  the 
catalytic  action  is  confined  to  the  surface.  To  cut  the 
catalytic  arti\'ity  of  platinum  in  half  requires  10  per  cent 
mercury  or  sulfur  and  only  4  per  cent  arsenic  or  zinc. 

.\nnstrong  and  Ililditrh'  study  the  relation  between  the 
pressure  of  the  hydrogen  and  the  rate  of  hydrogenation. 
It  appears  that  llj  rather  than  H  is  the  reactant,  the  rate 
being  directly  proportional  to  the  pressure,  pro^'ided  at  least 
0.1  per  cent  nickel  is  present.  With  0.01  per  cent,  the  rate 
is  too  low,  which  seems  to  show  that  a  part  of  the  metal  is 
combined  with  the  ethylene  groups. 

Rideal'  makes  a  valuable  addition  to  our  scanty  quantita- 
tive data  on  hydrogenation  by  det<>rmining  the  dissociation 
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pressures  of  the  hj'drogen  from  ethj'l  and  isopropyl  alcohols 
between  105°  and  275°  over  a  copper  catalyst. 

Matignon'  and  Herzfeld  consider  the  formation  of  inter- 
mediate compounds  from  the  standpoint  of  thermodynamics. 
Diiar  and  Mittra'  find  that  the  oxidation  of  a  more  o.xidiz- 
able  substance  is  slowed  down  in  the 
presence  of  the  substance  in  wliich  it 
induces  oxidation.  The  second  sub- 
stance may  be  considered  a  negative  cata- 
lyst. The  explanation  may  be  found  in 
the  formation  of  complexes. 

Burrows'"  finds  that  the  addition  of 
sucrose,  wliich  is  itself  liydrolyzed, 
slightly  accelerates  the  hydrolysis  of 
methyl  acetate  by  hydrochloric  acid. 

Sherman  and  co-workers"  measure  the 
influence  of  amino  acids,  copper  salts, 
etc.,  on  the  activity  of  amylases. 

Coffey'^  upsets  tradition  by  showing 
that,  under  the  influence  of  driers,  oils 
take  up  only  0.6  as  much  oxygen  as 
without. 

Taylor  and  Lewis"  study  the  absorp- 
tion spectra  of  triethyl  sulfonium  bromide 
in  eight  solvents  in  an  attempt  to  find  a 
connection  between  reactions  and  light 
absorption.    Most  of  the  absorption  bands  were  in  the  cal- 
culated positions. 

Baly,  Heilbron,  and  Barker''  effect  the  photosjTithesis  of 
formaldehyde  from  carbon  dioxide  in  water  illuminated  by 
light  of  short  wave  length,  X  =  200  mm-  The  formaldehyde 
passes  into  reducing  sugars  in  light  of  X  =  290  fi/x.  In  the 
presence  of  certain  colored  substances,  the  photosynthesis 
takes  place  under  the  influence  of  visible  light. 

Schvvarz  and  I'Viedrich'*  find  that  Rontgen  rays  poison  a 
platinum  catalyst. 

Rosenmund  and  Zetzschc"  have  made  an  extensive  study 
of  stopping  reactions  at  the  desired  place.  The  following 
reactions  occur  by  catalytic  hydrogenation:  benzoyl  chloride 
— >  benzaldehyde  — >■  benzyl  alcohol  — >  toluene.  By 
adding  a  trace  of  sulfurized  quinoline,  88  per  cent  aldehyde 
can  be  obtained. 

Adkins  and  Krause"  conclude  that  the  method  of  prepara- 
tion of  a  catalyst  is  of  equal,  if  not  greater,  importance  than 
the  particular  metallic  clement  present. 

Willstatter  and  Waldsclimidt-Leitz"  claim  that  hydro- 
genation cannot  be  effected  with  iilatinum  or  palladium  free 
from  oxygen,  and  suggest  that  catalytic  poisons  remove  this 
all-important  ox-ygen.  Their  experiments  appear  exact  and 
convincing.  H.  S.  Taylor  explains  their  results  by  assuming 
that  a  catalyst  may  so  cover  itself  up  with  hydrogen  that  the 

•Chim.  tt  induslrU.  6  (1921).  7;  Z.  phys.  Chem.,  98  (1921),   161. 

•  Chem.  News,  US  (1921),  313. 
"  J.  Chem.  Soc.  119  (1921),  179S. 
"  J.  Am.  Chem.  Soc.  43  (1921),  2454,  2461,  2469. 
"  J.  Chem.  Soc,  lai  (1922),  17. 
'>  Ibid.,  121  (1921),  065. 
"Ibid.,  119  (1921),  1025. 
!•  Ber..  S6  (1922),  1040, 

"Ibid.,  S4  (1921).  425,  638,   1092,  2033,   2038;  S6  (1922),  609;   Abel, 
Ibid.,  B4  (1021),  1407;  55  (1922),  322. 

"  J.  Am.  Chem.  Soc.,  i*  (1922),  385. 
"  Ber.t*  (1921),  113. 
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substance  to  be  reduced  cannot  get  to  it.  Kelber"  flatly  contra- 
dicts their  results  so  far  as  nickel  catalyst  is  concerned,  find- 
ing that  nickel  is  active  in  the  absence  of  ()xyf;(>ii  and  may  be 
killed  liy  air  even  at  —20°,  but  can  be  revivKicd  by  treatment 
mth  hydrogen  at  70°  to  80°.  Skita^  took  pains  to  exckide 
oxygen  from  the  catalyst  and  all  reactants  and  yet  obtained 
rapid  hydrogenations  with  platinum.  Voorhee.s  and  Adams-' 
agree  that  oxygen  is  necessary  with  a  platininn  catalyst. 
They  simplify  and  improve  the  i)rcparati(in  of  platinum 
black. 

Cake--  ojiens  up  an  important  fi(>ld  Ijy  hydrogenating 
glucose  to  rf-soriiitol  and  rf-mannitnl. 

Milligan  and  Heid"  transfer  hydrogen  from  im  alcohol  to 
an  aldchj-de. 

Mailhe'--"  eliminates  halogens  catalytically  and"  prepares 
cyclohexylamine  by  hydrogenating  cyclohc-xanone  hydra- 
zone. 

Brand  and  Steiner-*  hydrogenate  aromatic  nitro  compounds 
to  j3-aryl-hydroxylamines  or  to  azoxy  and  hydrazo  com- 
pounds. 

Sohroeter"  gives  details  of  the  jireparation  of  tetralin  and 
elaborates  the  chemistry  of  a  multitude  of  its  substitution 
products. 

Wieland^  lines  up  catalytic  oxidation  \\-ith  hydrogenation 
by  holding  that  the  hydrogen  of  the  compound  is  activated 
and  made  to  combine  with  oxj'gen;  what  we  usually  call  an 
oxidizing  agent  is  really  only  an  acceptor  for  the  activated 
hydrogen. 

Karczag-"  compares  the  speed  of  oxidation  of  34  dyes  by 
hydrogen  peroxide  in  the  presence  of  salts  of  iron,  copper, 
nickel,  manganese  cobalt,  and  platinum.  A  ferrous  salt  acts 
faster  than  a  ferric. 

Clover™  finds  the  autoxidation  of  ether  to  be  hastened  by 
acetaldehyde. 

Conover  and  Gibbs"  describe  the  oxidation  of  naphthalene 
by  air  over  vanadium  pentoxide  at  -100°  to  500°.  They  list 
many  other  catalysts  which  can  be  used,  but  with  poorer 
results.     This  has  become  an  important  commercial  process. 

Scholl  and  co-workers"  have  found  that  aluminium 
cUoride  greatly  facilitates  the  removal  of  hydrogen  from 
aromatic  rings,  whereby  two  nuclei  are  united  as  in  the  for- 
mation of  diphenyl  from  benzene.  With  tliis  catalyst  the  re- 
action may  go  well  at  100°  to  150°,  so  that  products  may 
be  obtained  that  are  otherwise  out  of  the  question.  Thej' 
synthesize  perj'lene,  benzanthrone,  4.5,  8 . 9-dibenz-pyrene- 
quinone,  3,10,  etc. 

More  along  the  usual  Friedel  and  Crafts  lines.  Smith," 
Stephens  and  MdMuOen  have  prepared  a  number  of  new 
benzoyl  benzoic  acids.  jNIiUigan  and  Reid"  have  ethylated 
benzene  and  naphthalene  with  ethylene,  the  reaction  being 
hastened  enormously  by  high-speed  stirring.  Korczynski 
and  ilrszinski^s  find  that  chlorides  of  cobalt,  nickel,  iron,  and 
tungsten  may  be  used  instead  of  copper  chloride  with  alu- 

"  Ber.,  51  (1921).  1701. 
M  Ibid..  65  (1922),  139. 
"  J.  Am.  Chem.  Soc.  44  (1922),  1397. 
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^Ber..  55  (1922),  875. 
''.inn.,  426  (1922),  1, 
"  Ber..  54  (1921),  2353. 
»  Biochem.  Z.,  117  (1921),  69. 
»»  J.  Am.  Chem.  Soc.  44  (1922),  1109. 
"  This  Journal,  14  (1922),  120. 
"  Bcr..  55  (1922),  109,  118,  324,  330. 
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minium  chloride  to  effect  the  synthesis  of  aromatic  aldehydes 
from  carbon  monoxide. 

Gilfillan"'  compares  the  dehydrating  power  of  silica,  thoria, 
titania,  and  blue  oxide  of  tungsten,  on  alcohols. 

Vogt  and  Nieuwland"  study  the  most  effective  form  of 
mercury  for  catalyzing  the  synthesis  of  acetaldehyde. 

Mailhe  and  de  Godon'*  alkylate  aniline  by  the  aid  of 
alumina. 

"  J.  Am.  Chem.  Soc.  44  (1922),  1323. 

"/6irf.,  43  (I92I),  2071. 

»  Compl.  rend..  172  (1921).  1417. 


Oil-Cracking  Patent  Application  of  1913  Just  Granted 

At  the  present  time  much  gasoline  is  made  by  "cracking," 
which  is  the  oil  man's  alias  for  destructive  distillation.  Oil  is 
heated  until  it  breaks  down  and  one  of  the  products  is  gasoline. 
A  chemical  process  of  making  gasoline  is  described  in  the  McAfee 
patent  on  "Process  of  Converting  Oil,"  No.  1,424,574,  issued  to 
the  Gulf  Refining  Company,  August  1,  1922,  on  an  application 
which  has  been  on  file  in  the  Patent  Office  since  1913.  Mr. 
McAfee  says  that  he  can  make  sweet  saturated  gasoline  from 
higher  boiling  oils,  such  as  gas  oil  or  fuel  oil,  with  the  aid  of 
anhydrous  aluminium  chloride  at  temperatures  considerably  be- 
low cracking  temperatures  and  without  the  breaking  down  or 
destruction  incident  to  cracking.  The  high  boiling  oil  is  heated 
in  the  presence  of  anhydrous  aluminium  chloride  to  a  tempera- 
ture corresponding  to  the  boiling  point  of  the  mixture,  and  for  a 
clean  separation  only  the  vapors  at  about  3.50°  F.  or  less  are  al- 
lowed to  go  to  the  final  condenser,  while  all  vapors  at  a  higher 
temperature  are  recondensed  and  returned  to  the  condensing 
still.  This  insures  returning  to  the  still  vaporized  aluminium 
chloride  and  prevents  it  from  condensing  with  the  final  gasoline 
formed. 

In  the  Patent  Office  the  progress  of  Mr.  Mc.\fee's  application 
to  patent  was  delayed  by  legal  proceedings  incident  to  an  "in- 
terference." The  contest  was  between  Mr.  McAfee  and  another 
chemist,  employed  by  one  of  the  large  oil  companies;  but  after 
protracted  litigation  in  the  Patent  Office  and  before  the  Court  of 
Appeals  of  the  District  of  Columbia,  Mr.  McAfee  was  finally 
adjudged  the  inventor. 

It  is  stated  that  the  Gulf  Refining  Company  has  been  making 
gasoline  by  the  patented  method  for  several  years  with  entirely 
satisfactory  results.  The  initial  and  the  end  boiling  points  of 
the  produced  gasoline  can  be  limited  within  a  narrow  range  and 
the  material  is  of  sweet  saturated  nature.  The  high  tempera- 
tures and  high  pressures  of  the  usual  cracking  methods  are  not 
used.  The  gasoline  made  by  this  aluminium  chloride  process, 
being  saturated,  shows  practically  no  iodine  number  or  heat 
reaction  with  sulfuric  acid  and  is  thus  distinguished  from  the 
cracked  gasolines. 

The  low  boiling  hydrocarbons  found  in  gasoline  are  less  com- 
plex chemically  than  the  hydrocarbons  of  high  boiling  oils. 
The  new  process  therefore  contradistinguishes  from  various  well- 
known  building-up  actions  exerted  by  aluminium  chloride  by 
which  more  complex  are  made  from  less  complex  hydrocarbons. 
The  elimination  of  building-up  action  in  the  Gulf  process  seems 
to  be  connected  with  the  continual  return  of  volatilized  alu- 
minium chloride  to  the  still  and  the  constant  removal  of  gasoline 
as  it  is  formed,  leaving  only  high  boiling  oils  to  be  acted  on  by 
the  catalyst.  The  net  result  is  the  production  of  very  Uttle 
gas  or  high  boiling  material,  with  yields  of  commercial  gasoline 
as  high  as  85  per  cent  of  the  original  oil. 

The  aluminium  chloride  seems  to  act  as  a  simple  catalyst  in 
the  conversion  process,  since  its  period  of  utility  is  limited  only  by 
the  carbon  and  heavy  oils  with  which  it  combines  after  a  rather 
long  use.  When  this  happens,  the  aluminium  chloride  can 
be  re\'ived  for  re-use  by  a  process  which  also  is  patented  by  the 
Gulf  Refining  Company. 

The  Gulf  Refining  Company  is  said  to  be  willing  to  license  oil 
companies  under  the  patented  process  and  several  improvement 
patents,  including  the  so-called  "recovery  process"  and  certain 
patents  covering  inexpensive  methods  of  manufacturing  anhy- 
drous aluminium  chloride. 


.\  meeting  of  representatives  of  various  dyeing  and  bleaching 
concerns  in  Pennsylvania,  New  York,  Massachusetts,  and  Rhode 
Island  was  held  at  the  Hotel  Biltmore,  New  York,  N.  Y.,  on 
June  21.  1922,  for  the  purpose  of  considering  the  advisability  of 
the  formation  of  a  national  organization  of  dyers  and  bleachers. 
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Chemistry  of  Sanitation 

By  A.  M.  Buswell 
Chief.  Illinois  State  Water  Survey,  Urbana,  Illinois 


Production  of  Potable  Water 

WITH  THE  development  of  quantitative  bacteriolog- 
ical teclinic,  chemical  tests  for  deterniinine:  the 
suiiitarj-  quality  of  water  lost  much  of  their  former 
imimrtancc.  Because  of  increa.sing  ncce.'^«ity  fur  the  use  of 
surface  supplies,  all  of  which  are  more  or 
less  subject  to  pollution,  the  main  ques- 
tion has  become  one  of  purification  rather 
than  of  a  test  for  freedom  from  infection, 
and  it  should  be  remembered  that  purifi- 
cation involves  a  great  deal  more  than  dis- 
infection. JJisease  germs  can  be  killed  or 
got  rid  of  with  comparative  ease,  but 
tastes,  odors,  and  turbidity  must  also  be 
removed  in  order  to  i)nxluce  a  potable 
water. 

Water  purification  is,  therefore,  an  es- 
sential chemical  process  and  it  is  along  the 
line  of  the  investigations  of  the  reactions 
involved  and  methods  for  their  control 
that  the  water  chemist  is  again  coming 
into  his  owii.  Thoufih  it  is  possil)lc  at  the 
present  time  t(»  i)r(xluce  a  potable  water 
from  almost  any  .source,  no  matter  how 
polluted,  yet  there  is  room  for  improve- 
ment of  the  protluct  as  well  as  of  the 
process.  Furthennore,  the  art  is  at  pres- 
ent ahead  of  the  theory.  We  can  purify  A.  m.  i 
water  with  reasonable  success,  but  we  do 
not  understand  the  mechanism  of  the  reactions  involved. 
"Who  but  the  chemist  is  to  fix  the  proper  value  for  the 
dose  of  chemicals?"  saifl  Professor  Mason'-*  seven  years  ago, 
and  we  might  add,  "Who  but  the  chemist  can  investigate 
the  complicatKl  reactions  of  these  chemicals?" 

The  foUowiiiu,  steps  represent  what  may  fairly  be  considered 
as  present  standard  practice  in  purification  of  municipal 
surface  supplies  for  general  domestic  use:  coagulation  with 
nluminiuro  sulfate  or  ferrous  sulfate;  sedimentation;  rapid 
filtration  through  sand;  and,  finally,  disinfection  with  chlorine. 
Some  of  the  earlier  "slow  sand"  filters  are  still  in  use,  espe- 
cially in  I'hirope.  In  some  ca.ses  chlorination  without  filtra- 
tion is  useil  as  a  more  or  less  temjiorary  meiisure  and  in  a 
few  instances  filtration  without  chlorination  is  regarded  as 
"uffiricnt.  Softening  or  iron  removal  is  sometimes  attempted, 
but  in  general  such  treatment  is  left  to  the  private  or  indus- 
triiil  consumers. 

Tlir  relation  of  pH  to  precipitation  of  A1(0H)3  has  probably 
tieen  the  mo>t  extensively  invest igatinl  problem  in  the  hist 
few  years.  Practice  had  been  to  add  lime  to  waters  which 
after  nlnn  ( nnf  ment  showed  a  residuum  of  less  than  20  p.  p.  m. 
"I  '  Viiity).     IJut  Wolman  and  Hannan'  showed 

II'  fidilition  of  lime  w.as  unnecessary  in  most 

<a-  ■•■  ' -^  the  .addition  of  small  amounts 

of  ■;  At   the  same  time  Huswell 

an<l  I  I  lie  various  reactions  of  water 

purification  :i!iil  water  M'I'teiiing,  following  the  course  of  the 
reaction.s  with  the  hydrf«gen  electrode.  A  committee  of  the 
American   Water   Works  Association,  R,  S.  Weston,  chair- 

*  Number!  in  Iril  rrfcr  to  Biblionraphy  at  end  ol  this  article. 


man,  with  the  aid  of  a  number  of  filter  plant  operators,  com- 
[liled  tliis  year  a  considerable  amount  of  data  which  will  be 
published  in  the  journal  of  that  societj'.  Clark  and  Theri- 
ault '  rcjjort  that  hydrogen  electrode  experiments  have  shown 
that  e(iuilibria  in  aluminium  solutions  with  the  solid  phase 
(aluminium  hydroxide?)  present  are  complex.  The  peculiar- 
ities nullify  the  value  of  methods  pre- 
\iously  used  to  estimate  the  isoelectric 
point.  By  taking  advantage  of  these  pecu- 
liarities the  isoelectric  point  has  been 
found  to  lie  between  pH  .5..5  and  6.0.  Ex- 
periments on  time  of  floceulation  have 
shown  minimum  time  at  or  near  pH  5.5. 
An  empirical  equation  has  been  found 
relating  time  for  first  appearance  of  floe 
and  1)11  under  uniform  sets  of  laboratory 
conditions.  Time  of  floceulation  is  also 
a  function  of  circulation,  and  rough  re- 
lations have  been  found  whereby  small 
vessel  experiments  may  be  extrapolated 
to  large  volume  conditions. 

Buswell  and  Edwards^  have  shown  that 
the  unprecipitated  aluminium  in  treated 
water  is  less  than  is  ordinarily  found  in 
untreated  natural  waters  even  wiien  the 
pll  is  far  from  the  optimum.  This  should 
quiet  the  fears,  expressed  occasionally  in 
medical  circles,  of  the  physiological  effect 
jswELL  of  the  "alum"  used  in  water  purification. 

While  the  pH  determination  has  not  proved 
the  panacea  some  would  have  led  us  to  expect,  it  has 
already  proved  its  usefulness  in  the  operation  of  certain 
filter  plants,  notably  the  one  at  Baltimore.'  The  colloidal 
l)hase  of  the  problem  is  generally  recognized;  yet,  with  the 
exception  of  the  work  of  Catlett'  and  of  0.  M.  Smith"  and 
some  theoretical  jsroposals  by  Pirnie,'  little  progress  has 
been  made  along  that  line. 

W^hile  the  role  of  oxygen  in  causing  corrosion  has  long 
been  recognized,  several  articles'"  have  recently  appeared 
describing  various  devices  for  preventing  corrosion  by  means 
of  "deoxidation."  These  arc  in  general  of  two  types;  (1) 
Filtering  the  water  over  iron  or  other  metal  turnings  to 
"deoxidize"  it,  or  (2)  boiling  out  the  dissolved  gases.  In 
some  cases  a  combination  of  the  two  is  used.  Tillmans  and 
Heublein"  and  later  Kolthoff'-  have  shown  that,  as  would 
be  predicted  from  the  mass  law,  the  presence  of  Ca(HC0j)2 
les.sens  the  solvent  action  of  H2CO3  on  CaCOj.  The  amount 
of  CaCOj  which  a  water  will  dissolve  is  a  measure  of  the 
"aggressive"  CO2  which  is  a  different  numerical  value  from 
"free"  CO,. 

Don's"  recent  investigation  of  the  adsorption  of  ammo- 
nium salts  in  sand  filters  recalls  the  much  earlier  work  of 
Chick"  on  the  same  subject  but  from  the  standpoint  of  sew- 
age treatment.  The  cause  of  surface  shrinkage  in  filters  has 
been  attributed  to  adsorption.'^ 

A  symposium  on  tastes  and  odors  was  held  at  the  last 
convention*  of  the  American  Water  Works  Association. 
Chlorine  may  be  noticeable  if  jjrescnt  in  excess  or  it  may  pro- 
duce organic  compounds  which  cause  a  "chemical"  or  "iodo- 
form" taste.  Briti.sh  operators  recommend  "antichlors" 
for  the  former  and  KMnOi  for  the  latter. 
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The  most  serious  recent  trouble  clue  to  tastes  was  that 
produced  by  Symtria  in  New  York  C"ity'°  supply.  This  taste 
was  removed  by  treating  with  an  excess  of  Clj.  Another 
case  is  recorded  in  whicii  an  atten(hint  attempted  to  dis- 
lodge by  force  a  specimen  of  Mfphitis  mephitis  (vulgarly 
known  as  skimk)  which  had  perched  on  the  water  intake. 

The  obvious  disadvantage  of  waiting  24  to  48  hrs.  for  bac- 
teriological results  to  tell  whether  or  not  chlorine  treatment 
has  been  sufficient,  has  led  to  the  immediate  popularity  of 
the  chemical  "excess  chlorine"  test  of  Enslow  and  Wolraan," 
which  can  be  read  within  half  an  hour.  The  study  of  filter 
plant  loading  by  Streeter"  has  thrown  considerable  light  on 
what  may  be  expected  from  various  purification  plants. 

No  radical  changes  have  taken  i)lace  in  the  field  of  matter 
softening  since  the  introduction  of  zeolites  10  or  15  yrs.  ago. 
Comparatively  little  has  been  published  on  the  zeolite  base 
exchange"  reactions  outside  the  patent  literature,  but  it  is 
now  apparent  that  the  jjower  to  exchange  bases  is  possessed 
by  a  large  number  of  "alumino  silicate"  compounds. 

Indican™  as  an  indicator  of  pollution  has  been  suggested. 
\'arious  modifications  of  the  hardness  tests-'  have  recently 
been  proposed.  Several  attempts  to  develop  a  delicate. test 
for  phenols--  in  water  have  met  with  questionable  success, 
apparently  because  of  the  interference  of  natural  coloring 
matter.  Scheringa-'  has  recently  investigated  the  Nj  cycle 
in  water,  and  Nichols"  has  made  a  new  study  of  the  signifi- 
cance of  nitrates. 

The  A.  P.  H.  A.  standard  methods  of  water  and  sewage 
analysis  have  been  revised  with  the  cooperation  of  a  com- 
mittee from  this  Society  and  are  to  be  pubUshed  in  the  near 
future.  Public  Health  Engineering  Abstracts,  issued  weekly 
by  the  Treasury  Department  PubUc  Health  Service,  covers 
American  and  foreign  literature.  The  American  Water 
Works  Association  has  recently  included  an  abstract  depart- 
ment in  its  journal.  Additional  articles^'  of  importance 
are  mentioned  in  the  Bibliography,  page  842. 

Stke.vm  Pollution' 

Probably  the  most  important  advance  in  this  field  has 
been  along  the  line  of  anah'tieal  methods.  The  older  tests, 
oxj'gen  consumed  from  K^NInOj  and  solids  lost  on  ignition, 
were  admittedly  empirical  and  since  there  was  little  uni- 
formity of  technic  among  different  workers  there  was 
small  basis  for  comparing  their  results.  No  less  than  five 
different  methods  for  the  oxj'gen  consumed  from  KMnOi 
are  given  bj^  various  authoritative  textbooks.  The  esti- 
mation of  the  degree  of  pollution  from  the  forms  of  com- 
bined nitrogen  has  not  been  found  feasible.  The  present 
method,  originally  described  by  the  Royal  Commission  on 
Sewage  Disposal, ^^  measures  the  amount  of  dissolved  oxj'gen 
required  to  satisfy  or  "stabilize"  the  organic  matter  in  the 
sample.  This  is  accomplished  by  diluting  the  sample  ■nith 
an  amount  of  aerated  distUled  or  tap  water  sufficient  to  con- 
tain an  excess  of  dissolved  oxygen  and  then  titrating  the 
residual  oxj-gen  after  a  period  of  incubation  (1,  2,  or  5  days) 
at  constant  temperature  (usually  20°  C).  From  the  titra- 
tion and  the  length  of  incubation  the  "biochemical  oxy- 
gen demand''  is  calculated,  or  the  results  may  be  expressed 
as  "1-day  demand,"  "2-day  demand,"  or  "5-daj'  demand." 
When  first  proposed  tliis  method  met  with  some  oppo- 
sition in  tins  country  o\sdng  to  the  frequencj-  of  erratic 
results,  and  the  method  was  not  included  in  the  1917 
edition  of  Standard  Methods  of  A.  P.  H.  A.  The  method 
had  much  to  recommend  it,  however,  on  account  of  its 
similarity  to  natural  conditions  and  was  adopted  for 
stream  pollution  investigations  by  the  U.  S.  Public  Health 
Service.    Largely  through  the  efforts  of  tliis  Service"  the 


sources  of  most  of  the  troultles  have  Ijoen  found  and  a  satis- 
factory technic  worked  out,  wliich  will  appear  in  the  new 
edition  of  Standard  Methods. 

The  results  of  the  extensive  investigation  of  the  Ohio 
River  by  the  U.  S.  Public  Health  Service  are  to  be  published 
in  the  near  future.  The  report  will  contain  much  informa- 
tion on  methods  of  stream  study  and  the  course  of  the  auto- 
purification  reactions.  The  same  organization  has  been 
making  a  study  of  the  Illinois  River,  in  which  op|)ortunity  has 
been  afforded  for  checking  and  improving  their  investiga- 
tional methods.  We  may  expect  considerable  improvement 
in  the  "tools"  of  sanitary  chemistry  as  well  as  voluminous 
data  on  the  particular  problems  studied  as  the  result  of  these 
investigations. 

A  symposium^  on  "Stream  Pollution  and  Sewage  Disposal" 
held  at  a  meeting  of  the  American  Society  of  Civil  Engineers 
in  New  York  in  November  1921,  together  with  the  discussion 
which  followed,  contains  considerable  infonnation  of  a 
chemical  nature.  Donaldson-'  has  reported  on  the  relation 
of  coal  and  oil,  tannery,  paper,  and  various  other  industrial 
wastes  to  water  supplies.  The  limit  of  200  to  400  [).  p.  m. 
of  chlorides  which  has  been  set-''™  on  the  allowai)le  pollution 
from  oil-well  wastes  and  sea  water  seems  to  the  writer  to  be 
unjustifiably  low.  Several  cases  of  ground-water  supplies 
containing  1000  p.  p.  m.  or  more  of  chlorides  could  be  cited, 
and  there  is  e\'idence  that  vegetation"  and  cattle  will  tolerate 
2000  to  3000  parts.  GoukP-  has  discussed  the  oxygen  re- 
quirement of  New  York  harbor  and  the  various  sources  from 
which  this  demand  may  be  met.  He  concludes  that  surface 
aeration  is  the  principal  source  of  0,  while  Purdy  in  the  dis- 
cussion calls  attention  to  the  importance  of  microorganisms 
and  aquatic  plants.  Streeter  in  discussing  the  same  paper 
calls  attention  to  the  fact  that  turbulence  must  be  depended 
upon  for  rapid  aeration. 

Sewage  Purificatiox 

ActiNaty  in  conserving  nitrogen  has  been  largely  devoted 
to  the  development  of  the  activated  sludge  process  which 
is  discussed  in  a  separate  article.  Richards  and  Weekes'' 
have  proposed  straw  filters  for  sewage  disposal  and  find  that 
the  bacterial  growths  which  occur,  fix  ammoniacal  and 
nitrate  nitrogen.  After  a  time  the  straw  is  replaced  and, 
because  of  the  nitrogen  accumulated  in  the  bacterial  growths, 
the  used  straw  is  good  for  fertilizer. 

Ardern'^  has  discussed  sewage  disposal  with  reference  to 
coUoid  chemistry,  and  he  gives  an  excellent  summary  of  the 
various  theories  of  sewage  purification  together  with  valuable 
lists  of  references.  He  favors  a  middle  ground  between  the 
biochemical  and  colloidal  theories. 

Cox'*  considers  that  the  microbial  growths  on  trickling 
filters  are  of  greater  importance  than  they  are  usually  deemed 
to  be.  He  gives  fists  of  organisms  found  and  concludes  that 
the  flora  and  fauna  of  the  filter  determine  the  biochemical 
reactions  produced.  Thompson'^  has  made  a  similar  study 
of  trickling  filter  biology,  more  especiaUy  with  reference  to 
activity  of  enzjTnes  which  he  proved  w^ere  produced. 

Wagenhals^  concludes  from  an  extensive  engineering  and 
chemical  survey  of  sewage  treatment  plants  that  the  Gooch 
crucible  determination  of  suspended  matter  and  the  five-day 
biochemical  oxygen  demand  at  20°  are  the  best  tests  for 
determining  the  efficiency  of  sewage  treatment  plants.  The 
paper  contains  considerable  chemical  data.  Buswell  and 
Weinhold^  caU  attention  to  advantages  of  the  ultra  filter 
over  the  Gooch  cmcible,  viz.,  portabiUty,  speed,  and  the 
fact  that  it  may  be  cafibrated  to  give  a  notion  of  the  size  of 
colloidal  particles.  Mohknan  and  Pearse^'  have  re\'iewed 
the  various  methods  for  estimating  colloids  and  have  sug- 
gested the  use  of  the  nephelometer. 
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No  attempt  has  been  made  to  cover  the  field  of  disinfec- 
tant-'' .,r  i.f  in,|ii<tri:il  hygiene.*' 
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Activated  Sludge 

By  Edward  Bartow  and  Gerald  C.  Baker 

Department  op  Chemistry,  U.niversity  of  Iowa,  Iowa  City,  Iowa 


IT  IS  concetled  that  the  activated  sludge 
process  is  tlie  most  perfect  method 
of  sewage  disjiosal  at  the  present 
time.  Its  growth  in  America  and  Euro- 
pean countries  ha.s  l>een  quite  widespread. 
Since  the  discovery  of  tiie  process,  early  in 
1914,  tiie  method  has  hecn  adopted  for 
several  municipalities,  and  an  exceedingly 
large  niimlicr  of  experimental  plant's  have 
bei'n  put  in  operation.  The  most  notable 
ones  in  existence  at  the  present  time  are 
at  Da\-j'hulme  (Lancashire),  Worcester, 
Stamford,  Aeritree,  Sheffield,  Bradford, 
Tun^tall,  niackpole  (Worcestershire), 
Whitney  (Bl.anket  Co.),  St.  .Mbans,  With- 
ington,  Moreton  (Dorsetshire),  Birming- 
ham, Reading,  Baguely,  and  Stokc-on- 
Trcnt,  in  England.  In  other  countries. 
the  most  notable  ones  are  at  Jamshcdpur 
(India),  Sibpur  (India),  Holte  (Denmark), 
Burmeister  (Denmark),  and  Kiniberly 
(South  .\frioa).  In  the  United  States  the 
best-known  plants  are  at  Houston,  Texas, 
and  Milwaukee,  Wis. 

New  Plants 

Recently  (April  1921)  a  plant  has  been  installed  at  Wood- 
stock, Ontario,  to  handle  1,. 500,000  imperial  gal.  per  day, 
dry  weather  flow.  A  small  plant  has  also  been  installed  at 
Rrampti.ii,  Ontario. 

A  plant  WHS  put  in  operation  on  October  18,  1921,  at 
Gasfonia,  N.  C,  which  treats  1,000,000  gal.  sewage  daily. 

In  Octolx-r  1921,  .an  installation  was  pnit  in  operation  to 
treat  the  waste  (fiOO.OOO-gal.  daily  flow)  from  the  Decker 
Parking  Plant  at  Mason  City,  la. 
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Experimental  plants  have  been  in  oper- 
ation for  some  time  at  Urbana,  111.,  the 
Calumet  region  of  the  Sanitary  District 
of  Chicago;  this  plant  when  completed  will 
have  a  capacity  of  1,750,000  gal.,  and  the 
plant  of  the  Desplaines  River  district  of 
the  Sanitary  District  of  Chicago,  when 
completed,  will  treat  the  sewage  from  a 
population  of  30,000. 

In  conjunction  with  the  Corn  Products 
Co.,  Argo,  111.,  the  Sanitary  District  of 
Chicago  has  also  run  an  experimental 
plant  on  starch  wastes.  This  plant  has  a 
capacity  of  2,5,000  gal. 

F/Xperimental  plants  using  mechanical 
agitation  have  been  in  operation  at  Pasa- 
dena and  Hemiosa  Reach,  Calif.  Works 
are  in  the  process  of  construction  in  Mil- 
waukee which  will  treat  the  entire  sewage 
from  that  city,  pt)puIation  .")S8,750,  ami 
at  Indianapolis,  Ind.,  population  311, 000. 
Other  plants  in  the  process  of  constructicm 
at  the  present  time  are  Brisbane  (Aus- 
stralia),  and  Singapore  (India). 

Rotheham,  Hanley,  and  Mansfiefd  (England)  are  considering 
schemes  along  the  line  of  the  Sheffield  works.  Los  Angeles, 
Calif.,  is  also  considering  the  ado))tion  of  the  activated  sludge 
process  for  the  treatment  of  sewage  of  that  city. 

There  are  many  other  small  plants  and  inst.allations  that 
could  be  mentioned,  but  lack  of  space  does  not  permit. 

Ttpes  of  Aer.\tion 

There  arc  in  general  two  types  or  modifications  of  aeration: 
(«)  diffused  air,  and  {h)  mechanical  agitation.  The  experi- 
mental   plants    in    this  country  have  practically  all  used 
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the  diffused  air  treatment,  which  consists  of  blowing  air 
through  the  sewage  and  sludge,  after  it  has  passed  through 
filtros  plates. 

Intermittent  aeration  has  been  tried  at  Manchester,  Eng- 
land, and  elsewhere;  this  allows  aeration  for  a  certain  length 
of  time  and  then  a  rest,  but  has  not  proved  successful  in  the 
sa^^ng  of  air. 

Certain  devices  have  also  been  tried  for  decreasing  the 
amount  of  air  necessary  for  the  process.  The  Dorr-Peck 
process  consists  in  aerating  the  sewage  and  sludge  in  a  specially 
designed  thickener,  which  effects  distribution  and  circulation 
of  the  air  bubbles  in  one  chamber  antl  causes  sedimentation 
in  another.  Aeration  in  less  time  and  less  air  required  wa.s 
claimed,  but  tiie  companj'  very  recently  announccxl  that  the 
process  had  not  met  their  expectations  and  they  have  decided 
to  carry  the  tests  no  further.  The  Trent  de\'ices  consist  of 
aeratioii  and  agitation  of  the  sewage  by  drawing  the  sewage 
and  air  into  the  bottom  of  the  activation  tanks.  Distri- 
bution is  by  means  of  revolving  perforated  arms  of  the  ro- 
tating lawn-sprinkling  principle.  Tests  at  Pasadena,  CaUf., 
and  a  similar  process  at  llermosa  Reach,  C'alif.,  showed  the 
process  to  take  twice  the  time  and  cost  more  to  operate  than 
the  continuous  air  diffusion  method. 

Mechanical  agitation,  that  is,  the  use  of  revolving  paddles, 
has  i)roved  successful  at  Sheffield,  England.  These  paddles 
suck  the  ail'  through  a  tube  by  creating  a  vacuum,  and  ro- 
tation is  carried  for  eight  hrs.  By  this  method  the  sewage  is 
brought  in  contact  ■with  the  air  at  its  surface  only;  the  power 
required  is  to  mix  the  sewage  and  induce  a  current,  and  by 
rippling  the  surface  increases  the  surface  exposed  to  the  ac- 
tion of  the  air.  The  Sheffield  sewage  may  be  a  special  type, 
and  experiments  made  elsewhere  indicate  that  mechanical 
agitation  alone  will  not  purify  sewage  in  the  presence  of 
activated  sludge  mthout  the  expenditure  of  much  more 
energy  than  the  air-diffusion  method;  the  original  and 
maintenance  costs  also  seem  greater. 

It  is  the  general  opinion  that  the  continuous  air  diffusion 
method  is  preferred  but  that  some  aeration  might  be  dis- 
pensed with  pro^^ded  some  other  form  is  used. 

Settling 

Certain  improvements  over  plain  sedimentation  are  claimed 
for  settling  sludge.  Dorr  thickeners  have  been  successfully 
used.  These  sedimentation  tanks  are  circular  in  diameter  and 
have  a  smooth  bottom  with  a  slight  slope  toward  the  center. 
A  revohing  scraper  collects  the  sludge  continuously,  scrap- 
ing it  toward  the  center  of  the  tank,  from  which  it  is  removed 
by  a  pump  or  by  gravity  without  the  interruption  of  the 
operation  of  the  thickener. 

DeWATEEIXG  SLtDGE  AND  SLrOGE  DRYING 

These  are  the  biggest  problems  yet  unsolved,  but  very 
promising  advances  have,  however,  been  made  within  the  last 
few  months,  and  complete  solution  is  hoped  for  in  the  near 
future.  Filter  pressing  and  certain  tjipes  of  centrifuges  have 
given  promising  results  under  varying  conditions.  Lagooning 
has  also  been  some'what  satisfactory,  but  in  this  method  the 
fertilizing  value  of  the  sludge  is  lost.  Certain  recent  de- 
velopments have  been  made,  both  in  England  and  in  this 
countrj^  in  filter  pressing.  In  England  it  has  been  found 
possible  to  reduce  98  to  99  per  cent  moisture  sludge  to 
75  per  cent  by  spreading  it  on  paper-makers'  gauze  or  very 
line  screen  gauze  and  appljdng  a  slight  vacuum  to  the  under 
surface;  the  thin  cake  thus  produced  can  be  readily  dried 
in  the  air.  In  this  country  experiments  mth  certain  types  of 
^\merican  filters  (Oliver  and  American)  embodying  the  same 
principle  have  recenth'  given  very  satisfactory  results. 


Dewatering  by  plate  presses  and  squeeze  presses  (Worth- 
ington  or  Rerringan)  has  given  promising  results  with 
sludge  that  has  been  treated  before  filtration.  At  Milwau- 
kee by  adjusting  the  reaction  to  a  certain  hydrogen-ion  con- 
centration with  sulfuric  acid,  and  by  adding  chromium  or 
aluminium  sulfate,  the  rate  of  pressing  has  been  greatly 
increa.sed. 

A  solid  bowl  centrifuge  (Bcsco-Ter-Meer)  has  given  much 
more  promising  results  than  other  centrifuges  at  Milwaukee. 
Tills  centrifuge  is  continuous  and  automatic  in  operation,  and 
is  devoid  of  all  screens.  It  builds  up  a  cake  against  a  solid 
stationary  plate  and  unloads  it  automatically.  It  has  been 
po.«sible  to  reduce  the  moisture  to  72  to  75  per  cent.  With 
this  machine  the  water  does  not  pass  through  the  cake  but 
out  over  the  top;  the  effluent  contains  a  rather  high  per- 
centage of  the  lighter  and  finer  solids.  There  are  those  who 
believe  that  a  centrifuge  will  be  so  perfected  that  it  will  solve 
the  dewatering  problem. 

Another  recent  advance  in  the  dewatering  treatment  of 
sludge  is  the  Maclachlan  process,  or  modifications  of  it. 
In  this  process  the  sludge  is  treated  with  sulfur  dioxide, 
generated  by  burning  sulfur,  and  live  steam.  In  the  Mac- 
lachlan process  at  Houston,  Tex.,  the  sulfur  dioxide  and 
live  steam  are  applied  to  the  activated  sludge  for  25  min., 
raising  its  temperature  from  80°  to.  135°  F.  The  sludge 
floats  to  the  top  and  can  be  readily  filter-pres.sed,  jnelding  a 
cake  with  as  low  as  74  per  cent  moisture;  the  treated  sludge 
may  be  dried  on  filter  beds.  Jackson  and  Doman  report  that 
the  filtered  sludge  dries  readily  on  hard,  impervious  ground 
when  applied  in  depths  varying  from  4  to  16  in.  Dehydra- 
tion cracks  appear  in  all  cases  within  24  hrs.  At  the  end 
of  the  first  day  the  moisture  is  reported  as  77.1  per  cent,  in 
3  days  59.7  per  cent,  and  in  3  wks.  26.4  per  cent. 

The  present  trend  in  dewatering  sludge  seems  in  the  direc- 
tion of  conditioning  the  sludge  rather  than  the  improvement 
of  mechanical  devices.  Besides  drjing  the  sludge  on  beds  with 
disposal  in  the  lagoons,  direct  heat  driers  have  been  used  with 
more  or  less  success  for  the  drjing  of  filter-press  and  cen- 
trifuge cake.  Drjing  experiments  have  been  carried  out  with 
both  direct  and  indirect  heat  driers,  and  indications  are  that 
drying  in  either  form  is  an  expensive  process.  It  is  generally 
agreed,  however,  that  after  the  first  20  per  cent  of  the  water  is 
removed  the  sludge  more  readily  parts  from  the  remainder. 

Fertilizing  Value 

Dried  sludge  has  been  proved  by  various  investigators' 
to  have  an  excellent  fertilizing  value.  The  nitrogen  content 
of  the  sludge  has  been  shown  to  be  equal  in  fertiUztng  value 
to  the  nitrogen  of  anmionium  sulfate  or  dried  blood,  when 
applied  to  grains  and  vegetables.  These  results  have  also 
been  borne  out  at  Rothamsted.  The  nitrogen  content  of 
the  sludge  varies  from  about  4  per  cent  to  7  per  cent,  depend- 
ing upon  the  type  of  sewage  treated.  It  has  been  shown  at 
^Manchester  that  21  per  cent  of  the  nitrogen  of  the  wet  sludge 
is  innnediately  available  for  plant  food,  while  onlj-  8.15  per 
cent  of  the  nitrogen  of  airdried  sludge  and  only  4.6  per  cent 
of  that  dried  at  100°  C.  are  immediately  available.  Heat 
drying  lowers  the  percentage  of  nitrates  considerablj\ 

One  of  the  new  developments  is  irrigation  and  fertilization 
with  wet  activated  sludge.  It  is  possible  to  dispose  of  the 
sludge  already  in  liquid  form  by  means  of  a  system  of  mains 
and  ser\ice  pipes. 

The  present  indications  are  that  the  sale  of  fertilizer  will 
partially,  if  not  wholly,  offset  the  cost  of  the  dewatering  and 
drying  of  the  sludge,  if  these  problems  are  properly  solved, 
but  no  surplus  applicable  to  the  operation  of  the  plant  can 
be  expected. 

*  Bartow  and  Hatfield,  Nasmith,  and  others. 
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By-product  Coking 

By  F.  W.  Sperr,  Jr. 
CniEF  Chbmist,  Tub  Koppbrs  Company  Laboratories,  Mbui-on  Institute,  Pittsburgh,  Pa. 


Tin:  HY-rR(;)I>rC'T  coke  industn-  has  found  the  past 
two  years  reiniirkably  ricli  in  technical  achievements 
which  promise  a  ver>'  prosperous  development  as  busi- 
ness recovers  from   its  recent  depression.     It   is   gratifying 
to  note  that  such  achievements  are  more  and  more  the  result  of 
planned  .scientific  research  in  which  chemis- 
try has  a  most  imixirtant  part.     The  field 
of  research,  comprising  coal  and  its  relation 
to  coke  formation,  the  coking  process,  the 
properties  and  utilization  of  coke,  the  re- 
covery and  utilization  of  the  by-products, 
and  the  mat.erials  of  plant  construction,  is 
so  large,  that  a  re\'ie\v  of  the  subject  con- 
densed to  the  limits  of  this  article  would 
amount  to  a  mere  index  of  the  numerous 
important  papers  that  have  appeared.    It 
will,  therefore,   be  more    interesting  and 
useful  to  select  for  discussion  a  few  sul> 
jects  of  investigation  that  may  be  consid- 
ennl  typical  of  the  general  trend  of  research 
in  this  connection. 

Property  and  Proces.s  of  Coking 

The   various    investigators    who    have 
been  working  on  the  difficult  and  impor- 
tant problem    of   coal    constitution  have  p  if/  sperr,  j 
contribute<l  much  toward  imi)roving  our 
conceptions  of  the  coking  property  and  the  mechanism  of 
coke  ff)rraation.    At  the  best,  however,  any  such  conceptions 
must  be  regarded  a.s  working  hj-potheses  which  we  must  be 
prepared  to  amend  or  to  discard  altogether  in  the  light  of 
additional  information.     Coal  research  is  still  in  too  early  a 
stage  to  formulate  strict  generalizations,  and  investigators 
must  not  lose  sight  of  the  marked  individuality  pos.sessed 
by  each  and  every  coal.' 

The  three  general  methods  most  used  in  recent  investiga- 
tions of  coal  constitution  are  examination  with  the  micro- 
scope, .'«jlulion  in  organic  .solvents,  and  low  temperature  dis- 
tillation. It  may  be  useful  to  attempt  a  brief  correlation  of 
the  work  so  far  done. 

The  study  of  coal  with  tlii'  microscope  has  been  of  prime 
importance  with  respect  to  the  direct  value  of  th.e  results  ob- 
tained. It  has  shown,  what  is  now  generally  accepted, 
that  an  important  group  of  coal  constituents  arc  resinic  com- 
|H>uiids  derived  from  plant  resins  that  are  resistant  to  decay. 
These  resinic  compounds  are  believed  to  have  a  great  influ- 
ence on  coke  fonnation.  Regarding  the  nature  and  influence 
of  the  other  coal  constituents  our  knowledge  is  most  unsati.s- 
faclory.  Then'  was  formally  a  disposition  to  cla.ssify  these 
a--"  "  "  '  "  liut  it  has  Ix-en  pointefl  out  that  cellulose 
IT'  Ir  umlcr  the  conditions  of  peat  formation. 

1 ;"  ;'  of  the  remarkable  solvent  action  of  pyridine 

on  coal,  and  of  the  solubihty  of  portions  of  the  pyridine  ex- 
trnc't  in  €'lil..rnfnrm,  it  li!w  been  i>roposed*  to  classify  the  coal 
""''-'  '       '  ip''— alpha,  beta,  and  gamma 

«>"!■;  ii;  tit  tl.'fmc  the  nature  of  each 

f"iil'  ..la  us<'ful  working  agreement, 

which  It  i;*  well  to  get  clearly  in  mind  with  the  following 
definitinns: 

'  G«>rg*  Chari'V  •nd  G«»lon  Dccorp!!,  Comfl,  rind.,  1S8  C191B),  1301. 
•  "Monofraph  on  the  Constitution  of  Co«l."  bjr  Slopes  uid  Wheeler. 
London,  1918. 


1 — The  alpha  compounds  are  insoluble  in  pyridine. 

2 — The  beta  compounds  are  soluble  in  pyridine,  but  are  left 
as  insoluble  residue  when  the  pyridine  extract  is  treated  with 
chloroform. 

3 — The  gamma  compounds  comprise  that  part  of  the  pyri- 
dine extract  which  is  soluble  in  chloroform. 

The  gamma  compounds  are  considered 
to  correspond  with  the  resinic  substances. 
As  to  the  nature  of  the  alpha  and  beta 
compounds  we  may  refer  here  to  the  hy- 
pothesis of  Fischer  and  Schrader'  that 
lignin  degradation  products,  rather  than 
cellulosic  substances,  play  an  important 
part  in  coal  con.stitution. 

The  relation  of  these  three    groups  of 
substances  to  the  coking  property  h.as  been 
investigated  by  S.  Roy  Illiiigworth,''  who 
worked  with  the  general  idea  of  determin- 
ing the  proportion  of  each  group  in   the 
residues  obtained  by  heating  typical  coals 
for  different  jicriods  and  at  different  tem- 
peratures.    He  found  the  beta  compounds 
to  be  less  stable  than  the  resinic  compounds 
and    that   in   all   probability  the  former 
are  the    first  to  decompose  on   heating. 
Assuming,  as  the  majority  of  investigators 
have  done,   that  the    resinic  compounds 
constitute  the  "cementing"  agency  in  the  coldng  process,  he 
developed  an  interesting  line  of  inquiry  into  tlie  mechanism  of 
coke  formation  on  the  basis  of  determining  the  minimum 
amount  of  these  compounds  that  could  be  present  to  produce 
a  coherent  coke.     His  results  indicated  a  difference  in  the 
cementing  properties  of  the  various  resinic  substances  in  the 
different  coals— the  higher  volatile  and  more  poorly  coking 
coals  having,  as  would  be  expected,  resins  with  weaker  coke- 
producing  quality  than  the  better  coking  coals.     Nevertheless, 
he  took  5.5  per  cent  of  resinic  substances  to  be  an  average  figure 
for  the  majority  of  coking  coals  representing  the  minimum 
amount  of  resinic  substances  capable  of  holding  a  residue  to- 
gether in  the  form  of  a  coherent  coke.     He  then  constructed 
a  picture  of  the  coking  process  showing  the  formation  of  a 
plastic  stage  due  to  softening  of  the  resinic  substances,  the 
creation  of  a  spongy  state  during  the  period  when  the  mass 
contains  more  than  the  critical  amount  (e.  g.,  5.5  per  cent) 
of  resias,  and  the  stiffening  and  solidification   of  the  mass 
with  the  reduction  of  the  resinic  content  below  5.5  per  cent. 
Differences  in  the  porosity  of  coke  he  considered  to  be  due  to 
differences  in  the  stability  of   the  beta  substances.    The 
crucial  characteristic  of  any  coal  as  regards  porosity  of  the 
resulting  coke  would  be  the  amount  of  volatile  matter  evolved 
when  tlie  hot  mass  is  in  its  most  viscous  state  and  about 
to  pass  to  a  fixed  structure  by  \irtue  of  the  destruction  of 
the  resins.     He  determined  the  rate  of  evolution  of  volatile 
matter  during  what  might  be  considered  its  critical  period, 
and  obtained   "porosity  factors"  which  came  in  the  same 
order  as  the  actual  porosity  of  the  cokes  from  the  coals 
investigated. 
Some  space  has  been  given  to  this  work  of  Illingworth  be- 

•  Brennsloff-Chtm..  S  (1921),  37,  237. 

*  J.Soc.  Chem.lnd.,  39  (1920),  HIT,  133T;F«e(,  1  (1922),  49.  See  also 
Bone,  el  al..  Proc.  Roy.  Soc,  lOOA  (1922),  582;  reviewed  and  severely  criti- 
ciicd  tiy  Wheeler  in  Furl.  1  (1922),  49. 
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i-ause  it  is  tyi)ipal  of  tliat  typo  of  scientific  invcstiKntion  whicli 
is  greatly  iiocdpcl  in  coke  tochnolojiy.  Work  of  this  sort  sliouUl 
be  continued  to  the  point  of  enabling  us  to  tietonnine  definitely 
by  a  laboratory  examination  of  any  given  coal  the  (luality 
of  the  cok(>  that  it  will  make  in  !arg<'-seale  operation,  and 
this  should  l)e  accomplished  without  the  necessity  of  large- 
scale  tests. 

The  microscopic  examination  of  coal  has  developed  cer- 
tain new  terms  with  which  coke  technologists  must  become 
acquainted.  Reference  must  first  be  made  to  the  pioneer 
work  of  Dr.  Reinhardt  Thiessen,'  of  the  U.  S.  Bureau  of 
Mines,  who  luis  developed  a  technic  of  making  thin  .sec- 
tions of  coal  through  which  light  can  be  transmitted  to  such 
a  point  that  ordinary  bituminous  coal  can  be  most  thoroughly 
examined.  Thi;  bright  bands  prominent  in  bituminous  coal, 
he  finds,  represent  parts  of  definite  components  of  the  woody 
parts  of  plants — that  is,  [larts  once  i^ieces  of  logs  or  stems, 
branches,  twigs,  and  roots,  but  now  much  compressed.  Such 
parts  of  the  coal  he  calls  anthra.eyloi} ,  meaning  coal  wood, 
from  anthrax,  coal,  and  xylon,  wood.  Dr.  Thkssen  is  now  mak- 
ing a  study  of  the  relation  between  tlie  constitution  of  coal, 
as  seen  under  the  microscope,  and  it<  coking  quality,  and  has 
been  making  considerable  progress  in  following  this  relation. 
For  e.xample,  anthraxylous  constituents  of  Illinois  coal  have 
been  separated  on  the  stage  of  the  microscope  and  subse- 
quentlj'  coked.  The  experiment  showed  that  the  antlirax3don 
swelled,  fused,  and  acted  as  a  coking  constituent,  whereas 
the  attritus  did  not  swell  or  fuse  but  merely  sintered,  re- 
taining the  original  structure  that  it  had  in  the  coal. 

Tliis  line  of  investigation  has  been  pursued  in  England  by 
Marie  C.  Stopes,^  who  distinguishes  two  constituents  of  the 
bright  coal  bands,  viz.,  clarain  and  lilrain.  C'larain  has  a 
bright,  smooth  structure  but  is  so  closely  associated  with 
fragments  of  the  dull  coal  (durain)  as  to  be  difficult  to  sepa- 
rate. Vitrain  occurs  in  brilliant,  structureless,  well-de- 
fined bands.  It  can  readily  be  separated  and  is  usually 
smaller  in  amount  than  the  other  constituents.  The  other 
two  principal  constituents  she  calls  fusain  and  durain. 
Fusain  is  the  familiar  "mother-of-coal"  or  "mineral  charcoal." 
Durain  is  the  dull-appearing  coal  substance  (Mattkohle) 
ha\'ing  a  hard,  close,  firm  texture  and  a  lumpy,  irregular 
surface  of  breakage  across  the  bedding  plane. 

Rudolph  Lessing'  has  studied  the  behavior  of  these  con- 
stituents on  coking.  Considerable  fusion  and  merging  of 
pai'ticles  was  sho^vn  by  clarain  which  gave  cokes  with  a 
peculiar  brown  sheen.  Vitrain  produces  a  characteristic 
silver-white  coke,  but  the  consolidation  of  particles  did  not 
go  so  far  as  with  clarain.  Durain  was  practically  devoid  of 
coking  value,  but  the  particles  adhered  to  each  other  a  little 
more  than  in  the  case  of  fusain  which  had  absolutely  no 
coking  tendency. 

A  study  of  the  properties  and  process  of  by-product 
coking  is  not  complete  without  consideration  of  the  light  shed 
by  low-temperature  distillation,  in  which  field  there  has  been 
considerable  activity  directed  toward  the  development  of 
commercial  processes.  So  far,  however,  the  bj'-product 
chemist  is  chiefly  concerned  vnth.  the  theories  of  pyrogenesis 
and  coal  structure,  such  as  are  developed  in  the  recent  arti- 
cles of  J.  J.  Morgan  and  R.  P.  Soule*  on  the  composition  of 
low-temperature  tar,  and  their  reference  to  earlier  work  of 
the  same  nature. 

The  very  important  problem  of  the  deterioration  of  coal  in 
storage  has  been  studied  by  William   SejTnour,'  both  in  rela- 

»  U.  S.  Bur.  Mints.  Bull.  117  (1920),  and  other  publications. 

•  Proc.  Roy.  Soc,  SOB  (1919),  470. 

'  /.  Chem.  Soc,  117  (1920),  247. 

"  Chem.  Mel.  Eng.,  26  (1922),  923.  977,  1025. 

'  Blast  Furnace  and  Steel  Plant.  1920,  435. 


tion  to  coke  manufacture  anil  to  the  utilization  cjf  the  coke  in 
the  bla.st  furnace. 

A  brief  research  of  an  entirely  new  type  into  the  carbon- 
ization of  coal  has  been  conducted  by  Eric  Sinkiason,'" 
who  has  shown  that  the  electrically  nonconductor  coal 
changes  to  a  conductor  (coke)  at  a  temperature  in  the  region 

of  rm°  C. 

Reference  should  be  made  totheinvestigationsofF.Korten" 
into  the  expansion  of  certain  types  of  coal  during  coking.  Our 
own  laboratories  have  tlone  a  large  amount  of  work  on  this 
subject,  and  have  develo|)ed  a  method  which,  on  a  relatively 
small  sample,  determines  both  the  coking  ciualities  and  the 
contraction  or  expansion  of  a  given  coal.  This  work  will  be 
published  in  the  near  future. 

By-pkoduct  FoiniATiOM 

So  far,  we  have  been  considering  that  type  of  investigation 
which  aims  at  the  elucidation  of  the  coking  property.  Other 
investigations  into  the  phenomena  of  carbonization  have  to 
do  with  the  evolution  of  bj'-products  and  during  the  past 
two  years  attention  has  been  paid  principally  to  anmionia 
and  sulfur.  Extensive  experiments  in  full-sized  by-product 
ovens  have  been  described  by  A.  Thau.'-  The  character- 
istics of  the  coke,  gas,  light  oil,  etc.,  produced  at  different  tem- 
peratures were  examined  but  the  principal  work  was  done  on 
the  conditions  covering  the  jneld  of  ammonia.  The  amount 
of  free  space  above  the  coal  in  the  oven  did  not  appear  to 
have  so  much  influence  in  decreasing  the  yield  of  ammonia 
by  secondary  decomposition  as  has  been  generally  believed. 
The  hot  surfaces  of  carbon  appear  to  be  more  effective  in 
general  secondary  decompositions  than  the  hot  oven  walls. 
Air  leaks  were  shown  to  diminish  the  yield  of  ammonia 
considerably. 

H.  J.  Hodsman'^  refers  to  the  work  of  Thau  and  others,  and 
describes  laboratory  experiments  made  under  his  direction 
to  examine  further  the  decomposition  of  ammonia  in  the  pres- 
ence of  oxygen.  No  destruction  of  ammonia  was  detected  in 
coal-gas  mixtures  containing  1  per  cent  of  oxygen  at  anj-  tem- 
perature below  600°  C.  At  700°  C.  and  higher,  the  loss  of 
ammonia  was  very  considerable.  The  results  of  these  ex- 
periments agreed  in  general  with  Thau's  observations. 

Another  laboratory  research  into  the  formation  of  ammonia 
during  carbonization  was  conducted  by  A.  C.  Monkhouseand 
■J.  W.  Cobb."  Cokes  prepared  at  .500°,  800°,  and  1100°  C.  were 
subjected  to  the  action  of  hydrogen  and  nitrogen  separately 
at  three  different  temperatures— 600°,  800°,  and  1000°  C. 
The  hydrogen  appeared  to  exercise  a  specific  action  on  the 
nitrogen  in  the  500°  coke,  Tvith  the  formation  of  ammonia. 
Another  series  of  experiments  was  made  on  the  .500°  coke 
treated  successfully  at  800°  C.  with  nitrogen,  hydrogen,  and 
steam,  the  action  of  each  gas  being  carried  to  completion 
before  the  next  was  allowed  to  act.  Large  quantities  of 
ammonia  were  obtained  by  the  use  of  hydrogen  when  heating 
with  nitrogen  had  ceased  to  jneld  any  ammonia,  and  further 
large  quantities  were  obtained  with  steam  when  the  hydro- 
gen had  become  practically  ineffective. 

iSIonkhouse  and  Cobb  also  obtained  some  data  on  the  lib- 
eration of  sulfur  from  the  coke  under  the  above  conditions. 
The  sulfur  was  evolved  as  hydrogen  sulfide  in  a  way  similar 
to  and  parallel  with  that  of  ammonia.  A  much  more  ex- 
tensive investigation  of  the  beha^^or  of  sulfur  during  carbon- 
ization has  been  conducted  by  Alfred  R.  Powell,  of  the  U.  S. 
Bureau  of  Mines.     U.  0.  Hutton  and  C.  C.  Thomas,'*  of 

i»  J.  Chem.  Soc,  117  (1920),  839. 

»  Slahl  u.  Risen,  40  (1920),  1103. 

"  Brennsloff-Chem.,  1  (1920),  52. 

"  Gas  World,  76  (1922),  12  (Coking  Section). 

i<  Cas  J.,  166  (1921),  234. 

"  Tms  JouRNAi,,  12  (1920),  1077;  13  (1921),  33:  Gas  .ige.  «  (1921).  88. 
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Johns  Hopkins  University,  have  also  carried  on  a  line  of 
research  in  cooperation.  Powell's  -n-ork  has  been  of  great 
importance  in  showin*;  the  way  in  which  different  forms  of 
sulfur  decompose  and  the  effect  of  hydrogen  in  removina; 
sulfur  from  the  coke,  and  luts  formed  a  ba*is  for  the  study  of 
methods  for  desulfurizing  coke  during  the  coking  proces.* 
which  the  Bureau  of  Mines  is  now  conducting. 

Properties  and  Utiuz.vtio.v  of  Coke 

In  the  work  of  our  own  laboratories  in  the  Mellon  Insti- 
tute, great  emphasis  is  placed  on  the  study  of  coke  itself. 
This  has  a  twofold  relation— first,  to  the  conditions  of  coking, 
and  second,  to  the  conditions  under  which  coke  is  consumed. 
A  thorougli  knowledge  of  the  properties  of  coke  is  essential. 
For  some  time  especial  attention  has  lieen  given  to  specific 
gravity,  (wrosity,  and  cell  structure.  The  correct  determina- 
tion of  the  true  specific  gravity  of  coke  is  a  problem,  the  diffi- 
culty of  wiiich  is  not  generally  recognized.  The  figures  ob- 
tained vary  with  the  method  used,  and  since  tiie  porosity 
is  calculated  from  the  specific  gravity,  the  discrepancies  may 
be  efjuivalent  to  as  much  as  30  to  50  p'-r  cent  of  the  total 
variation  in  i>orosity  found  in  different  blast-furnace  cokes. 
The  subject  has  been  fully  discussed  by  H.  .1.  Rose,  of  our 
laboratories,  in  a  paper  presented  at  the  hist  meeting  of  the 
American  Chemical  Society.  Methods  of  recording  and 
comparing  the  cell  structure  of  cokes  have  been  developed, 
and  nuich  progress  has  been  made  toward  a  better  under- 
standing of  this  important  characteristic. 

Studies  have  also  been  made  of  the  volatile  matter  and 
oi'cluded  gases  in  coke,  in  which  connection  the  large  amount 
of  research  wf)rk  recently  done  by  different  investigators  on 
the  proi>crties  of  eliarcoal  has  lieen  found  especially  helpful. 
A  study  of  the  combustil)ility  of  coke  is  also  under  way.  The 
investigation  of  the  effect  of  the  conditions  of  by-product 
coke  oven  operation  on  coke  quality  has  led  conversely  to 
the  development  of  a  method  that  enables  us  to  determine 
the  maximum  temperature  to  which  a  given  piece  of  coke 
has  been  .subjectetl. 

Since  90  per  cent  of  all  coke  manufactured  is  consumed  in 
the  blast  funiace,  the  study  of  the  effect  of  coke  quality  on 
blast-furnace  operation  is  of  prime  importance.  The  most 
outstanding  contribution  to  our  knowledge  of  this  subject  has 
l)een  made  by  Hcinrich  Koppers."  Extensive  reference  is 
made  by  Kojipers  to  the  work  of  II.  P.  Rowland"  on  American 
blast-furnace  practice.  Koppers  agrees  with  the  general 
opinion  of  experts  in  this  country  that  the  most  important 
property  of  coke  for  blast-furnace  purposes  is  combusti- 
bility. He  then  shows  the  remarkable  fuel  consumption 
figures  olitained  in  charcoal  furnace  practice  and  the  signifi- 
cance of  such  practice  with  relation  to  the  optimum  coke 
quality.  The  combustibility  of  coke  stands  in  close  rela- 
tion to  the  temperature  of  coking;  the  higher  this  tempera- 
ture the  less  the  combu.stibility.  GoikI  blast-furnace  coke 
ought  to  be  made  of  homogcnef)us  coal  coked  at  moderate 
temperatures  in  such  a  way  that  the  heating  is  uniform  at 
nil  point*  in  the  coking  mass,  and  should  lie  pushed  out  of  the 
oven  !is  soon  a  scoking  i::  finishefl.  Finally,  it  should  be  uni- 
fiirminsizc.  Koppers  shows  how  the  by-product  coke  oven 
structure  may  be  mmlificd  to  attain  a  greater  uniformity 
of  heat  flow  into  the  coking  mass.  Great  progress  ha*  been 
made  in  thi-  ijinction  in  recent  Americaninstallat  ions,  and  the 
Becker  type  i-  i-ns,  which  have  recently  been  put  into  opera- 
tion by  The  Koppers  Company  at  Chicago,  may  be  cited  as 
the  ncwetit  development  that  has  been  made  with  remark- 
ably succesiiful  results  in  the  regulation  of  the  quality  of  the 
coke  produced. 

"  SlaJU  u.  Eisen..  ini,  1173 
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Koppers  goes  much  further  than  the  regulation  of  coke 
oven  conditions  to  produce  the  right  sort  of  coke.  He  shows 
how  the  blast  furnace  itself  may  be  improved  by  modifications, 
simple  yet  almost  revolutionarj'  in  their  conception,  so  as  to 
obtain  more  uniform  operation,  increased  capacity,  and  de- 
creased coke  consumption  per  ton  of  iron. 

The  relation  between  the  phj'sical  properties  of  coke  and 
its  utilization  in  the  blast  furnace  is  being  made  a  subject  of 
study  by  the  U.  S.  Bureau  of  Mines. 

The  various  physical  tests,  such  as  shatter,  hardness,  poros- 
ity, and  combustibility,  are  being  thoroughly  investigated  at 
both  the  Southern  Experiment  Station  of  the  Bureau, 
located  at  Tuscaloosa,  Ala.,  and  the  Pittsburgh  Experiment 
Station,  as  well  as  at  the  Experiment  Station  at  Minneapolis, 
Minn.  The  rate  of  combustion  of  coke  in  various  blast  fur- 
naces is  being  studied  by  taking  samples  of  the  hearth  gases 
from  a  water-cooled  sampling  tube  inserted  in  the  tuyeres. 
By  determining  the  relative  percentages  of  carbon  monoxide, 
carbon  dioxide,  and  ox'j'gen  at  various  points  in  the  hearth 
from  the  end  of  the  tuyere  to  the  center  of  the  hearth,  it  is 
possible  to  note  the  variation  in  the  rate  of  combustion  in 
\-arious  blast  furnaces  using  different  kinds  of  coke.  Lab- 
oratorj'  experiments  are  also  being  made  on  the  rate  of  com- 
bustion of  coke  of  various  physical  properties. 

Materials  of  Plant  Construction 

The  most  important  materials  in  the  construction  of  by- 
Ijroduct  coke  i^lants  are  the  refractories.  Testimony  be- 
fore the  Federal  Trade  Commission"  shows  that  the  by- 
product coke  oven  industry  in  this  country  stands  second 
only  to  the  open  hearth  industry  in  the  consumption  of 
firelirick.  Modem  American  coking  practice  uses  silica 
brick  exclusively,  which  permits  higher  temperatures  with 
consequent  important  decrease  in  coking  time  and  increase 
in  capacity.  In  this  development,  America  is  pioneer  and 
the  attention  of  the  rest  of  the  world  is  at  present  directed 
toward  the  adoption  of  this  practice. 

Advances  in  the  production  and  utilization  of  other  ma- 
terials of  plant  construction  have  occurred  during  the  past 
few  years,  but  such  advances  have  been  shared  in  common 
with  a  great  many  other  industries  which  also  use  these 
materials,  so  a  detailed  description  is  not  in  place  here. 

The  Recovery  of  By-product.s  and  Other  Develop.ments 

The  preparation  and  utilization  of  the  chief  by-products, 
tar,  ammonia,  and  benzol,  each  constitute  an  important 
industry  in  itself  and  the  devcloimients  cannot  adequately  be 
considered  in  detail.  In  the  tar  industry,  chief  attention  at 
present  is  given  to  the  develoiiment  of  satisfactory  processes 
for  continuous  distillation.  The  major  attention  of  the 
ammonia  industries  has  been  directed  toward  the  improve- 
ment of  the  chief  product,  ammonium  sulfate,  to  give  a 
neutral  friable  salt.  This  development  is  going  forward 
ni.'iinly  in  England.  The  enormous  war-time  demands  for 
l>("iizol  jiroducts  have,  of  course,  disappeared  and  research 
in  this  field  has  largely  been  confined  to  the  development 
of  a  satisfactory  motor  fuel. 

Other  recent  develojiments  which  give  important  economic 
aid  to  th(>  advance  of  the  by-product  coke  oven  industry  are 
the  utilization  of  by-product  coke  oven  gas  as  a  domestic 
fuel,  the  firing  of  by-product  ovens  by  producer  gas  (with  the 
consequent  release  of  a  large  amount  of  high-grade  gas),  and 
the  Liquid  purification  of  gas. 

'•  R.  M.  Howe,  Trans.  Am.  Inst.  Min.  Mel.  Ens..  62  (1919),  14. 


The  .Anaconda  Copper  Mining  Company  has  purchased  a 
51,000,000  phosphate  rock  deposit,  intending  to  use  waste  smel- 
ter gases  for  fertilizer  making. 
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THE  DRAINING  of  natural  resources  is  deplorable 
but  the  material  gain  resulting  from  their  exploi- 
tation should  not  be  overlooked.  The  approaching 
exhaustion  of  American  petroleum  has  i)pen  compensated 
for  in  a  large  measure  by  the  advances  of  American  indus- 
tries which  this  petroleum  has  made  pos- 
sible. Crude  petroleum  and  "topped" 
petroleum  are  used  as  fuel  in  competition 
with  coal.  The  present  primary  use  of 
petroleum,  however,  is  in  the  form  of  re- 
fined products,  of  which  gasoline  and 
lubricants  are  the  most  important.  At 
present  gasoline  j'ields  more  than  one-half 
the  total  revenues,  though  in  volume  it 
constitutes  only  one-fourth  of  the  entire 
output. 

The  Gasoune  Situation 

The  petroleum  requirements  of  this 
country  are  closely  bound  up  with  the 
automobile  industry.  In  1900,  when  au- 
tomobiles first  became  commercial,  the 
yearly  per  capita  consumption  of  petro- 
leum in  the  United  States  was  35  gal.;  in 
1910  it  had  risen  to  96  gal.,  in  1920  to 
210  gal.,  and  last  year  the  increase,  in 
spite  of  the  financial  depression,  was  still 
another  21  gal.  per  person.  All  this  is  in 
spite  of  a  continual  increase  in  gallons  of  gasoline  obtained 
from  each  100  gal.  of  crude  oil.  In  1915  each  100  gal.  of 
crude  oil  gave  11  gal.  of  gasoUne,  but  six  years  later  the  de- 
velopment of  cracking  had  increased  this  to  approxunately 
26  gal.  If  all  the  petroleum  used  in  iVmerica  were  subjected 
to  the  cracking  process,  the  amount  obtained  would  be  but 
about  40  gal.  for  each  100  gal.  of  crude  petroleum. 

In  the  last  six  years  the  gasoline  used  in  the  United  States 
per  automobile  has  decreased  from  600  gal.  per  year  to  approx- 
imately 400  gal.  per  year,  owing  not  to  a  decrease  of  mileage 
per  car  but  to  an  increased  efficiency  of  carburetors  and 
engines.  Were  it  not  for  this  increased  efiiciency,  we  should 
already  have  reached  our  limit  of  gasohne  consumption  and 
with  it  probably  a  price  of  at  least  40  cents  a  gallon. 

Since  1921  the  United  States  has  been  consuming  more 
petroleum  than  it  produces.  This  excess  has  been  largely 
pro-sdded  by  Mexico  and  last  year  showed  an  importation  of 
more  than  120,000,000  bbls.,  that  is,  approximately  26  per 
cent  of  the  American  production.  The  Geological  Survey 
and  Bureau  of  Mines  have  lately  shown  that  American  pro- 
duction is  approximately  at  its  peak  and  that  in  a  very  few 
years  the  output  of  oil  in  the  United  States  wiU  begin  to  de- 
cline. Moreover,  about  a  year  ago  the  Geological  Sur\'ey 
called  attention  to  the  fact  that  we  should  not  expect  to  find 
any  more  large  fields  of  petroleum  in  the  United  States— in 
other  words,  that  practically  all  of  the  possibilities  in  the 
way  of  large  petroleum  fields  in  tUs  country  have  been  well 
prospected  and  that  now  we  can  calculate  fairly  closely  what 
the  production  wiU  be  in  the  future. 

On  the  other  hand,  the  use  of  motor  vehicles  in  this  country 
is  continually  increasing.  At  present  there  are  about  10,000,000 
passenger  cars,  trucks,  and  tractors  in  use,  and  it  is  certain  that 


the  saturation  point  is  more  than  15,000,000  and  perhaps  will 
exceed  20,000,000  machines.  With  this  expected  larger  de- 
mand for  gasoline  on  one  hand,  and,  on  the  other,  even  less 
petroleum  available  in  a  few  j'ears  than  we  have  at  present, 
there  arises  a  question  as  to  how  the  motor  fuel  deficit  is  to 
be  met.  Of  course,  importations  of  oil  can 
be  made  from  Russia,  Persia,  Mesopo- 
tamia, and  South  America  (the  present 
Me.vican  fields  are  of  short-lived  type),  but 
such  an  importation  basis  means  that  we 
shall  be  on  the  same  basis  as  other  import- 
ing countries  have  been,  that  is,  the  con- 
sumer will  purchase  his  gasoline  at  from 
60  to  75  cents  a  gallon.  If  our  automo- 
bile industry  and  the  many  industries  that 
depend  on  automobile  transportation  are 
to  prosper,  we  must  have  a  domestic 
supply  of  motor  fuel  and  at  a  price  more 
reasonable  than  60  cents  a  gallon.  Thirty- 
five  or  forty  cents  a  gallon  l^^ll  probably 
be  considered  a  fair  price  by  the  consumer. 
Alcohol  and  benzene  and  the  sj-nthetic 
motor  fuels  having  a  mixture  of  these  two 
as  their  base,  wiU  meet  a  small,  but  only  a 
very  small,  portion  of  the  needs.  The  total 
amount  of  these  two  motor  fueb  available 
in  America  is  but  a  small  percentage  of  the 
20,000,000  gal.  of  gasoline  now  used  daily. 

Oil  Shale  Resoubces 

In  the  last  two  years  another  source  of  motor  fuel  has 
begun  to  be  considered  seriously  in  America.  In  Europe  oil 
shale  has  been  used  for  nearly  a  century  for  the  obtaining  of 
petroleum.  Indeed,  the  word  "petroleum"  was  used  for 
shale  oil  for  a  generation  before  Colonel  Drake  drilled  the 
first  oil  well  (Titus\-ille,  Pa.,  1859).  Oil  shale  does  not  con- 
tain petroleum,  but  by  heating  oil  shale  a  petroleum  dis- 
tils from  which  a  motor  spirit  similar  to  ordinary  gasoline  may 
be  obtained. 

The  European  oil  shales  yield  20  to  22  gal.  of  oil  per  ton  of 
shale  mined.  In  this  country  we  have  large  deposits  of  shales 
that  give  double  this  jneld  of  oil.  The  largest  of  these  are 
the  Green  River  deposits  in  Colorado,  Utah,  and  Wyoming,  but 
there  are  also  deposits  in  Kentucky,  Indiana,  and  Ohio,  and 
some  of  equal  extent  in  New  Brunswick  and  Nova  Scotia. 
Many  of  these  will  jneld  a  barrel  (42  gal.)  of  oil  per  ton  of 
rock.  For  a  tjTjical  oil  shale  %aew  see  Fig.  1.  It  is  not  com- 
monly appreciated  how  large  these  oil  shale  deposits  are. 
In  the  Green  River  section  alone,  there  are  kno^-n  deposits 
jielding  a  barrel  or  more  of  petroleum  per  ton.  These  are  suf- 
ficient to  furnish  more  than  five  times  the  total  world  pro- 
duction since  the  commercial  development  of  well  petroleum 
60  years  ago. 

Experimental  Work 

In  the  last  two  years  "conversations"  regarding  shale  oil 
possibiUties  have  been  followed  by  real  experimental  and  small- 
plant  operations,  so  that  to-day  we  have  several  processes  in 
course  of  trial.  It  is  as  yet  a  question  whether  we  have  found 
the  best  method  of  obtaining  oil  from  the  shale.     It  should  be 
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said  in  passing  that  the  American  shales  do  not  work  satis- 
factorily when  retorted  in  the  standard  Scotch  retort,  and 
that,  accordingly,  modifications  of  this  retort  or  retorts  on 
new  principles  must  he  designed.  So  far  the  developments 
have  been  largely  in  the  hands  of  mining  engineers  or  of  men 
without  technical  training.  Only  lately  have  chemical  engi- 
neers taken  an  active  hand  in  the  industry. 

It  should  be  mentioned  in  this  connection  that  perhaps  the 
two  most  active  nonfinancial  organizations  that  have  been 


Flo.  I  —  Oil  -SiiALit  C'l.iPFs  IN  Colorado 


working  on  shale  oil  are  the  United  States  Bureau  of  Mines 
and  the  Colorado  School  of  Mines.  The  first  has  been 
criticize*!  as  being  too  conservative  in  its  view  in  connection 
with  this  new  industry;  the  second  has  Ixjen  equally  criti- 
cized for  too  optimistic  a  view. 

Patents  almost  witlunit  numl)er,  most  of  which  have  their 
prolotyp("<  in  the  early  Scotch  industry,  have  lately  issued 
from  the  Patent  Office.  A  numlter  of  these  have  fallen  into 
the  hands  of  promrition  companies  and  are  now  being  made 
the  bitnis  iif  btock-selling  operations.  At  present,  few  except 
(he  iiivintdr  himself  believe  that  any  of  these  retorts  is  cer- 
tain to  be  inacticttble  when  used  on  a  large  scale. 

One  phmi,  the  Gntlin  Shale  Products  Co.,  Elko,  Nevada, 
has  apparently  pasw-d  beyond  the  primary  troubles  in  retort- 
ing, and  has  built  a  refinery  to  handle  the  crude  shale  oil  and 
furnish  the  market  with  r.finiMl  products.  This  plant  has  a 
capacity  of  approximately  lo.fKX)  gal.  (350  bbls.)  a  day,  a 


small  capacitj'  compared  with  commercial  well  petroleum 
plants. 

About  a  year  ago,  it  was  shown  that  the  organic  matter  in 
shale  decomposes  on  heating,  not  to  give  petroleum  directly 
but  first  to  give  a  hea\Y  solid  or  semisolid  bitumen,  and  that 
petroleum  is  formed  by  a  secondary  cracking  process  from  the 
first  formed  semisolid  bitumen.  This  cracking  process  by 
which  petroleum  is  formed  is  a  liquid-phase  process  similar 
to  the  well-kno-mi  phenomenon  of  the  cracking  of  petroleum 
to  give  gasoline.  Accordingly,  it  is  not  surprising  that  when 
shale  oil  is  further  cracked  to  give  a  motor  spirit,  the  product 
carries  60  to  70  per  cent  of  unsaturated  hydrocarbons. 

It  was  further  found  in  the  experimental  work  just  referred 
to  that  decomposition  of  the  organic  material  of  the  shale  to 
give  a  semisolid  bitumen  occurred  at  a  quite  definite  tempera- 
ture (400°  to  410°  C),  and  that  the  cracking  process  to  obtain 
a  petroleum  from  this  took  place  approximately  at  but  20° 
higher. 

The  same  investigation  also  showed  to  be  incorrect  the  com- 
mon belief  that  on  heating,  gasoline  is  the  first  product;  on 
higher  heating,  kerosene;  and  on  still  higher  heating,  lubricat- 
ing oils,  etc.  In  other  words,  all  these  products  are  formed 
simultaneously  by  the  cracking  of  the  semisolid  bitumen 
first  formed. 

It  has  not  yet  been  possible  to  obtain  heavy  type  lubricants, 
such  as  a  cylinder  oil,  from  shale  oil.  On  the  other  hand, 
recent  work  has  shown  that  excellent  lubricants  of  light  body 
can  be  made.  It  is  worth  mentioning  that  these  lubricants, 
unlike  ordinary  well  petroleum  lubricants,  do  not  decrease  in 
viscosity  rapidly  on  heating  and,  accordingly,  in  light  use, 
such  as  in  an  automobile,  the  mileage  obtained  has  been  un- 
expectedly great. 

Considerable  gas  is  produced  in  the  making  of  shale  oil. 
Under  the  best  conditions  the  amount  of  this  gas  is  not  suffi- 
cient for  the  fuel  required  in  the  retorting  process.  In  Scot- 
land they  have  supplemented  the  gas  by  using  local  coal  for 
the  shale  retorts.  A\'itli  the  American  shales,  which  are 
richer  in  organic  material  than  the  Scotch,  there  is  enough  car- 
bonaceous residue  left  (20  per  cent)  in  the  shale  to  permit  it 
to  be  burned  in  a  gas  producer;  in  fact,  one  American  plant 
is  now  regularly  using  this  shale  residue  in  a  producer  to 
furnish  producer  gas  for  the  retorting  of  the  shale.  Most 
engineers  would  state  offhand  that  a  fuel  running  more  than 
75  per  cent  ash  would  not  biu'n  in  a  producer,  but  it  does. 

By-piu)DUc'TS 

In  the  French  and  Scotch  shale-oil  plants  the  production  of 
ammonia  in  the  process  is  as  important  as  the  production 
of  oU.  The  American  shales  give  less  amn)onia,  but  still 
enough  to  make  it  worth  while  to  recover  it.  If  the  shale  is 
retorted  at  only  moderate  temperatures,  as  most  American 
shales  will  be,  there  is  obtained  a  large  percentage  (up  to 
20  per  cent)  of  nitrogenous  constituents  in  the  oil.  These 
nitrogenous  constituents  are  largely  pyridine  and  isoquinoline 
derivatives.  Up  to  the  present  time,  no  commercial  outlet 
for  these  products  has  been  worked  out.  They  will,  no 
doubt,  compete  in  the  future  with  the  nitrogen  bases  obtained 
directly  or  indirectly  from  coal  tar. 

Some  of  the  western  oil  shales  give  considerable  quantities 
of  paraffin,  a  few  as  high  as  30  per  cent  of  the  weight  of  the 
oil.  The  eastern  and  some  of  the  larger  western  deposits 
have  an  asphaltic  base  and  give  little  or  no  paraffin. 

Irresponsible  i)romotcrs  have  claimed  that  the  residue 
from  oil  shale  retorting  carries  considerable  amounts  of  plati- 
num, gold,  and  other  precious  metals,  phosphates,  and  soluble 
potash.  These  claims  have  no  basis  of  fact,  except  possibly 
a  small  jjercentage  of  potash  which  has  been  rendered  soluble 
by  the  retorting  process. 
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The  demands  for  petroleum  are  increasinK  in  this  country 
at  the  rate  of  about  50,000,000  bbls.  a  year.  We  liave  in 
prospect  no  source  of  fuel  oil,  gasoline,  or  pi.soline  substi- 
tute other  than  oil  shale  that  promises  to  furnish  oven  a  minor 
part  of  this  demand.  To  meet  this,  even  without  makinK 
any  allowances  for  the  ex{)ected  decrease  in  production  from 


oil  wells,  will  require  each  year  the  building  of  75  shale-oil 
plants,  each  handling  2(KK)  tons  of  oil  shale  claily,  and  each 
representing  an  investment  of  nearlj'  a  million  dollars.  And 
yet  some  men  feel  that  the  industrial  need  for  chemical 
engineers  and  chemi.sts  is  limited! 


The  Application  of  Chemistry  to  the  Conservation  of 

Motor  Fuels 

By  Thomas  Midgley,  Jr.,  and  T.  A.  Boyd 
Chikk  and  .\ssistant  Chiei',  Fuel  Section,  Grnbrai.  Motors  Research  Corporation.  Dayton,  Ohio 


THIRTY  years  ago  the  first  automo- 
bile had  not  yet  l^een  built  in  this 
coimtry.  To-day  there  arc  aliout 
11,000,000  motor  vehicles  in  the  United 
States^one  for  every  10  persons  in  the 
countr\'.  In  the  early  days  of  the  auto- 
mobile it  appeared  to  be  only  a  trouble- 
some and  very  expensive  luxury.  But  the 
phenomenal  increase  in  its  use,  the  most  of 
wliich  has  occurred  within  the  last  ten 
years,  indicates  that  the  automobile  is 
not  a  luxiu-y  but  a  necessity.  It  is  a 
necessity  because  it  meets  in  an  admir- 
able way  one  of  the  most  fundamental 
needs  of  civilization,  that  of  transporta- 
tion. It  has  been  said  that  the  automo- 
bile represents  the  first  great  advance  in 
individual  transportation  since  man  be- 
gan to  use  the  horse. 

Need  for  Liquid  Fuel 


Thomas  Midglej,  J: 


Automotive  transportation,  of  wliich  such  a  wide  and  es- 
sential use  is  now  being  made,  and  of  ■which  a  large  future 
expansion  is  assured,  is  dependent  for  its  existence  upon  an 
adequate  supply  of  liquid  fuel.  The  use  of  motor  vehicles 
has  been  built  up  around  gasoline,  a  material  which  only  a 
few  j'ears  ago  was  a  troublesome  by-product  of  petroleum 
refineries.  As  the  number  of  automobiles  in  use  increased, 
this  product,  for  wliich  there  had  previously  been  very  little 
demand,  was  gradually  absorbed,  until  about  1905  there 
was  no  longer  a  sufficient  supply  of  the  early  highly  volatile 
gasoline  to  operate  the  motor  vehicles  in  use. 

At  this  point  gasoline  began  to  assume  a  higher  place  in 
refinery  economics.  It  was  no  longer  a  by-product;  but  its 
production  was  extended  in  order  to  keep  pace  with  the 
development  of  motor  transportation,  until  it  has  now  as- 
sumed prodigious  proportions.  In  1921  the  production  of 
gasoline  in  the  United  States  was  over  5,000,000,000  g.al.> 
This  means  that  the  petroleum  refineries  in  the  United 
States  are  filling  a  10,000-gal.  tank  car  with  gasoline  every 
minute  of  the  year. 

Since  1909  the  number  of  motor  vehicles  in  use  in  the 
United  States  has  increased  over  3000  per  cent,  while  during 
the  same  period  the  production  of  petroleum  has  increased 
only  about  150  per  cent.  The  amount  of  gasoline  necessary 
to  keep  tliis  rapidly  increasing  number  of  motor  vehicles  in 
operation  was  supplied  by  refineries  from  a  production  of 


1  The  statistics  used  herein  have  been  taken  from  the  following  s 
"Gasoline,"  Refinery  Statistics  of  U.  S.  Bureau  of  Mines;  "Petroleum  and 
Coal,"  U.  S.  Geological  Survey;  "Automobiles,"  Aulomolive  InduslrUs,  46 
(1922).  No.  7. 


petroleum  that  did  not  keep  pace  with 
the  rising  demand  for  motor  fuel:  (1)  By 
putting  an  increasing  percentage  of  the 
cUstillate  from  the  crude  oil  into  the  gas- 
oline fraction;  (2)  by  cracking  heavier 
oils;  and  (3)  by  extracting  liquid  hydro- 
carbons from  natural  gas. 

With  the  pos.siblc  exception  of  further 
increases  resulting  from  the  cracking  of 
heavier  oils,  the  limit  of  the  percentage 
of  gasoline  that  can  be  obtained  from 
crude  oil  has  almost  been  reached.  In 
view  of  the  situation  that  the  production 
of  petroleum  has  not  kept,  and  appar- 
ently cannot  keep,  pace  with  the  rapid 
increase  in  automotive  transportation, 
this  is  a  significant  fact. 

Future  Supply  of  Motor  Fuel 
One  of  the  most  serious  questions  with 
regard  to  the  future  of  motor  transporta- 
tion is  that  of  the  supply  of  liquid  fuel. 
A  number  of  producers  of  petroleum  have  expressed  the  be- 
lief that  our  reserve  of  petroleum  will  last  indefinitely,  and 
that  there  is  everj'  likeUhood  that  no  shortage  of  oil  will 
occur.^  In  every  case  of  this  optimism  that  has  come  to 
our  attention,  however,  no  reason  has  been  given  for  the 
opinion  that  our  supply  of  petroleum  is  adequate  for  future 
needs. 

A  recent  estimate  of  the  petroleum  reserves  of  the  United 
States  has  been  made  jointly  by  the  American  Association 
of  Petroleum  Geologists  and  the  United  States  Geological 
Survey.  Their  report,  which  was  made  public  in  January 
1922,  indicates  that  at  the  present  rate  of  consumption  the 
domestic  reser^^es  of  petroleum  are  sufficient  to  meet  the 
requirements  of  the  United  States  for  only  about  20  yrs. 
Of  the  15,000,000,000  bbls.  of  petroleum  which,  on  the  basis 
of  this  estimate,  was  in  the  ground  originally,  about  40  per 
cent  has  so  far  been  mined;  and  over  450,000,000  bbLs.,  or 
5  per  cent  of  the  unmined  reserve,  are  now  being  produced 
per  year. 

WTiile  tills  estimate  of  the  geologists  is  necessarily  based 
upon  incomplete  data  and  probably  lacks  the  desired  degree 
of  accuracy,  it  is  certain  that  our  supply  of  petroleum  is 
being  rapidly  depleted .  If  the  domestic  reser\-e  of  petroleum 
should  be  three  times  the  amount  of  this  estimate,  it  would 
last,  at  the  present  rate  of  consumption,  only  60  jts.  It 
has  been  60  jts.  since  the  Ci\-il  War.  In  \'iew  of  this  con- 
dition all  pos.sibIe  coBser\'ation  of  materials  that  are  suitable 

3  American  Petroleum  Institute,  Bull.  132  (1920);  200  (1921). 
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for  motor  fuek  should  be  a  matter  of  \-ital  concern  to  every 
citizen. 

Sources  of  Liqiid  Fuels,  Other  th.\n-  Petroleum 

There  are  throe  potential  sources,  in  addition  to  petroleum, 
to  which  we  may  look  for  some  part  of  our  future  domestic 
supplies  of  motor  fuel : 

1.  On.s  FROM  Shale — The  enormous  deposits  of  shale  in  this 
country'  will  undoubtedly  be  developed.  But,  even  at  the  best. 
it  will  be  many  years  before  quantity  production  of  motor  fuel 
from  shale  can  be  obtained. 

2.  Cos  FROM  Coal — The  light  oils  produced  in  the  carboniza- 
tion of  coal  make  a  desirable  motor  fuel.  But,  if  all  the  bitumi- 
nous coal  mined  in  the  I'uitcd  States  in  1021  had  been  so  treated 
as  to  yield  3  gal.  of  motor  fuel  per  ton,  the  product  would  have 
amounted  to  less  than  2,^  per  cent  of  the  gasoline  produced  during 
the  same  period. 

3.  Alcohol — \'cgetation  offers  a  source  of  tremendous  quan- 
tities of  liquid  fuel,  the  utilization  of  which  awaits  only  a  proper 
cheapening  and  simplification  of  the  process  of  converting 
cellulose  to  a  liquid  suitable  for  motor  fuel. 

The  present  production  of  liquid  fuels  from  the  three  po- 
tential  sources  enumerated  above  is  so  small  that,  when  com- 
pared with  the  enormous  volume  of  motor  fuel  required,  it 
is  almost  negligible.  Therefore,  while  they  offer  a  com- 
forting resen'c  for  the  future,  it  will  be  many  years  before 
sulTicient  material  can  be  obtained  from  these  sources  to 
supply  any  considerable  percentage  of  the  motor  fuel  require- 
ments of  the  country.  Some  means  nnist  l)e  provided  to 
bridge  the  threatened  gap  between  petroleum  and  the  com- 
mercial production  of  large  quantities  of  liquid  fuels  from 
other  sources. 

I.VCREASING  THE  FuEL  ECONOMY   OF  AuTOMOTI^'E  ENGINES 

The  best  way  to  accomplish  this  result  is  to  increa.se  the 
efficiency  with  which  the  energy  of  gasoline  is  utilized  in 
automotive  equi|)men(,  and  thereby  to  olstain  more  "auto- 
mobile-miles" per  gallon  of  fuel.  In  itself,  this  is  apparently 
a  simple  prol^lem  for  tlie  mechanical  engineer  to  solve.  It 
has  been  demonstrated  repeatedly  that  large  increases  in 
fuel  economy,  or  in  nuniiier  of  miles  per  gallon  of  fuel,  can 
be  obtained  merely  by  changing  the  gear  ratio  in  tiie  rear 
axle,  so  that  tin;  rear  wheels  make  a  greater  number  of  revo- 
lutions i)er  revolution  of  the  motor  than  they  did  before. 

But  unfortunately  this  simple  expedient  is  not  a  practical 
solution  of  the  problem,  because  such  a  change  in  gearing 
produces  a  car  that  is  lacking  in  accelerating  and  hill  climbing 
abihty  to  such  an  extent  that  peojile  will  not  buy  it.  At  the 
present  price  of  motor  fuel,  economy  is  secondary  to  per- 
formance in  the  estimation  of  the  public.  Such  a  change  in 
the  rear  axle  gear  ratio  not  only  transforms  the  car,  but  it 
al.so  converts  what  wjis  a  problem  of  mechanical  engineering 
to  nn  un.solvable  one  of  salesmanship. 

Nevertheless,  this  change  is  the  correct  first  step  toward 
better  fuel  economy.  So  the  problem  must  again  be  referred 
to  the  engineer — not  to  the  mechanical  engineer,  for  he  has 
done  his  part;  but  to  the  heat  power  engineer  and  the  phys- 
icist. It  is  their  problem  to  increa.sc  the  torque  delivered  by 
the  engine  so  that  the  car  with  the  reduced  gear  ratio  may 
regain  its  accelerating  and  hill  climbing  abihty,  and  thereby 
become  a  pniduet  that  the  salesman  can  sell; 

The  solution  of  the  problem  again  appears  very  simple. 
According  to  the  laws  of  thermodynamics,  both  the  torque 
and  the  fuel  economy  of  an  engine  are  increased  .as  its  ex- 
pansion riilio  (in  automotive  practice,  called  compres.sion 
ratio)  is  raln^l.  Ix)gically,  then,  the  next  step  is  to  increase 
the  expansion  ratio  of  the  motor.  This  is  accomplished  by 
reducing  the  clearance  volume  above  the  piston,  which  in 
turn  increases  the  prcs.sure  at  which  the  fuel  mixture  under- 
goes combustion. 


These  changes,  viz.,  increasing  the  gear  ratio  at  the  rear 
axle,  and  increasing  the  expansion  ratio  of  the  engine,  should 
theoretically  produce  an  excellent  automobile,  one  giving 
such  high  fuel  economy  that  the  salesman  should  ha\e  no 
trouble  in  marketing  it.  But  the  salesman's  problem  is  still 
unsolved. 

The  "Knock" 

This  super-product  of  the  mecham'cal  and  heat  power 
engineers  docs  not  function  properly;  but,  when  running 
on  gasoline,  it  gives  a  very  objectionable  and  disturbing 
noise.  This  noise,  which  is  metallic  in  sound,  is  called 
by  motor  mechanics  a  "knock,"  the  term  usually  being  qual- 
ified by  an  adjective  such  as  "carbon,"  "spark,"  "heat" 
or  "fuel."  The  knock,  .as  it  occurs  in  the  automobile  engine 
of  the  present,  when  it  is  laboring  at  wide  open  throttle,  is 
familiar  to  everyone  who  has  driven  an  automobile.  But  the 
degree  of  intensity  of  this  knock  increases  with  the  pressure 
at  wliich  the  fuel  mixture  is  burned.  So  that,  while  in  present- 
daj^  automobiles  the  knock  is  so  slight  as  to  be  merely  an  un- 
pleasantness that  does  no  harm,  its  intensity  in  this  rede- 
signed engine  of  considerably  reduced  clearance  volume 
becomes  so  great  as  to  result  not  only  in  loss  of  power  but  also 
in  actual  damage  to  the  engine,  such  as  cracked  spark  plug 
porcelains  and  broken  piston  tops.  Because  this  phenomenon 
of  the  knock  stands  as  an  apparently  effective  barrier  in  the 
way  of  obtaining  better  fuel  economies  from  automotive 
engines,  its  remedy  is  the  key  to  the  solution  of  a  gre,at 
economic  problem. 

The  fact  has  been  noted  previously  that  this  disturbance 
is  frequently  called  a  "fuel  knock."  This  has  arisen  because 
its  intensity  is  primarilj'  a  function  of  the  chemical  structure 
of  the  fuel  used.  Thus,  the  disturbance  that  is  present  in 
an  engine  when  the  fuel  has  the  paraffin  structure  (gasoline) 
entirely  disappears  if  benzene  or  alcohol  is  used.  But  the 
chemical  structure  of  motor  fuel  from  a  commercial  stand- 
point is  at  present  fixed  within  faiily  narrow  limits.  The 
use  of  petroleum  oils  as  our  commercial  motor  fuel  is  neces- 
sary on  account  of  the  enormous  volume  required,  and  because 
of  the  small  amounts  of  other  fuels  available.  Gasoline  is 
an  excellent  fuel,  except  for  the  limitation  it  imposes  upon 
economy  on  account  of  its  tendency  to  knock.  The  final 
step  in  the  solution  of  the  problem,  then,  is  to  eliminate  the 
knoclcing  or  detonating  tendency  of  gasoline. 

Elimination  of  the  Knock 

It  is  well  known  that  if  substantial  percentages  of  benzene 
or  alcohol  are  mixed  with  gasoline,  the  product  can  be  used 
in  motors  of  fairly  high  compressions  without  the  objection- 
able knock.  But  unfortunately  40  to  60  per  cent  of  one  of 
the.^e  materials  must  be  added  to  gasoline  to  accomplish  the 
desired  result;  and  so  the  amounts  of  benzene  and  alcohol 
availalilo  are  sufficient  to  treat  only  a  very  small  part  of  the 
g.asolinc  that  is  consumed. 

As  the  result  of  a  large  amount  of  work  that  has  been  done 
on  this  j>roblem,  a  number  of  chemical  compounds  have  been 
discovered  which  exert  such  an  influence  on  the  combustion 
of  highly  compressed  mixtures  of  gasoline  and  air  that  in 
the  presence  of  a  small  fraction  of  one  per  cent  of  one  of  these 
materials  gasoline  can  be  used  as  fuel  in  engines  of  very  liigh 
compressions.  Because  of  their  remarkable  effects,  these 
comjiounds  have  been  named  "compressionizers"  or  "anti- 
knock materials."  Their  effect  is  to  change  the  combustion 
of  highly  compressed  mixtures  of  gasoline  and  air  in  such  a 
way  that  no  knock  results,  but  the  burn  becomes  entirely 
free  from  the  disturbances  that  characterize  detonating 
combustion.  Some  of  these  compounds  are  over  500  times 
as  effective  as  benzene.  I'hus,  0.04  per  cent  by  volume  of  one 
of  these  materials   in   kerosene   is   equal  in  effect  for  the 
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suppression  of  detonation  to  about  25  per  cent  i)y  volume 
of  benzene  in  the  same  kerosene. 

A  con.siderable  numl)er  of  these  compounds  of  mdely 
variant  chemical  compositions  have  been  discovered.  The 
results  obtained  in  their  investigation  will  be  dealt  witli  in  a 
paper  entitled  "The  Chemical  Control  of  Gaseous  Detonation 
with  Particular  Reference  to  the  Internal-Combustion 
Engine,"  to  be  given  at  the  Sejitember  meeting  of  the  Amer- 
ican Cheotcal  Society  in  Pittsburgh. 

The  addition  of  an  antiknock  material  to  gasoline  makes 
it  possible  to  obtain  verj'  much  greater  fuel  economies,  be- 
cause it  permits  such  changes  in  design  to  be  made  that  the 
fuel  can  be  used  more  elliciciitly.  IJut,  unless  the  intensity 
of  the  knock  in  a  given  engine  is  so  great  as  to  cut  down 
power,  the  presence  of  an  antiknock  material  in  the  fuel  does 
not  result  in  an  increased  fuel  economy.  Since  the  addition 
of  a  small  percentage  of  such  a  compound  makes  very  little 


or  no  change  in  the  energy  of  a  given  volume  of  gasoline,  no 
increase  in  the  mileage  obtained  per  gallon  can  result  from 
its  upe,  unless  such  changes  are  mad(!  in  the  engine  that  a 
larger  percentage  of  the  energy  content  of  the  ga.soline  can 
be  utilized. 

Sf)me  of  these  antiknock  materials  have  been  rather  widely 
used,  particularly  in  airplane  engines,  and  their  great  effec- 
tiveness and  value  have  been  demonstrated  therel>y.  In 
view  of  the  remarkable  effects  of  these  compounds  and  the 
good  results  tliat  have  been  obtained  in  their  u.se,  it  seems 
certain  that  it  will  be  only  a  matter  of  time  until  all  gasoline 
will  be  treated  with  an  antiknock  material,  and  automobile 
engines  having  higher  conipressioits  and  giving  considerably 
greater  mileages  per  gallon  will  be  used.  The  principal  effect 
of  the  use  of  antiknock  compounds  will  be  the  much  further 
removal  of  the  time  when  the  threatened  exhaustion  of  our 
petroleum  reserves  will  actually  occur. 


Scientific  Method  in  Rubber  Compounding 

By  C.  O.  North 
The  Kdbbkk  Sbrvice  I.aboratoribs  Co.,  Inc.,  Akron,  Ohio 


VERY  satisfactorj'  progress  has  been  made  during 
the  past  few  years  in  applying  scientific  methods  to  the 
problems  of  rubber  compounding.  This  has  been  made 
possible  through  the  development  of  new  and  improved 
methods  of  rubber  testing  which  in  turn  have  furnished  us  with 
a  clearer  conception  of  the  underlying  principles  of  com- 
pounding. 

The  first  chemists  to  make  a  study  of  the  art  of  compound- 
ing had  before  them  the  picture  of  steel;  They  were  of  the 
opinion  that  the  problems  of  rubber  could  be  solved  in  a  sim- 
ilar manner  and  consequently  laid  great  stress  on  the  develop- 
ment and  application  of  chemical  analysis.  For  example, 
they  thought  that  coefficient  of  \'Tilcanization  was  by  far  the 
best  index  of  state  of  cure.  They  failed  to  reahze  that  in 
rubber  we  have  a  mingling  of  both  chemistry  and  physics. 
\Miile  strictly  chemical  problems  are  met  in  the  vulcanizing 
reactions,  yet  the  effects  of  pigments  and  other  compounding 
ingredients  belong  within  the  field  of  physics.  The  coeffi- 
cient of  Milcanization  is  merely  a  measure  of  the  quantity  of 
sulfur  wliich  has  become  added  to  rubber.  It  is  in  no  waj'  a 
measure  of  the  state  of  technical  cure  because  of  the  factor 
known  as  depoljTnerization. 

Effects  of  Temperature  and  Type  of  Acceler.\tor 

It  is  now  generally  understood  that  in  Milcanizing  or  curing 
•we  have  two  effects  which  work  in  opposite  directions.  De- 
poljTnerization  or  the  reduction  in  size  of  the  colloidal  aggre- 
gates of  rubber  is  a  factor  which  tends  to  weaken  or  dete- 
riorate the  final  product.  It  is  influenced  primarily  bj'  heat 
and  the  time  of  heating.  For  example,  it  is  not  a  factor  at 
cures  made  at  10  and  20  lbs.  of  steam  pressure  (namelj-, 
239.4°  and  258.8°  F.,  respectively).  This  statement  applies 
even  when  the  time  of  heating  is  as  long  as  from  3  to  5  hrs. 
As  the  temperature  rises,  the  time  within  which  depoljTuer- 
ization  is  not  a  decided  factor  grows  smaller  and  smaller. 
At  40  lbs.'  steam  (287°  F.)  the  range  is  from  1  hr.  to  1  hr.  30 
min.  At  60  lbs.  (307°  F.)  it  has  narrowed  down  to  from  15 
to  30  min.  The  higher  the  temperature,  the  shorter  becomes 
the  time  within  which  rubber  may.  be  heated  without  serious 
deterioration. 


Another  factor  which  affects  depolymerization  is  the  tjrpe 
of  accelerator  employed.  For  example,  p-nitrosodimethyl- 
aniline  is  a  violent  depoljinerizer,  as  are  several  softeneraor 
fluxing  materials  which  are  sometimes  added  to  a  compound 
for  the  purpose  of  making  it  easier  to  handle  in  the  factory. 
Some  softeners  are  powerful  depoIjTnerizers,  others  have 
httle  effect.  For  example,  paraffin  is  quite  pronounced  in 
its  action,  but  castor  oil  is  quite  inert. 

Opposed  to  the  depoljTnerizing  action  of  heat  and  certain 
substances,  we  have  ^•ulcanization  which  ordinarily  means 
sulfur  addition,  \\niile  we  know  man}-  ways  of  reducing  the 
size  of  the  coUoidal  aggregates  of  rubber,  yet  we  are  limited 
to  sulfur  and  sulfur  chloride  for  commercial  methods  of  link- 
ing them  into  larger  units.  Since  vulcanization  by  sulfur 
chloride  has  such  a  small  number  of  applications,  it  may  be 
practically  disregarded.  Sulfur  then  is  the  principal  depolym- 
erizer.  It  counteracts  the  effects  of  heating  and  other  de- 
poljTnerizing influences.  As  will  be  readily  appreciated,  the 
more  siilfur  which  must  combine  with  rubber  to  produce 
technical  cure,  the  pworer  the  product.  For  example,  re- 
claims whose  poor  quality  are  well  known  will  seldom  be 
found  to  have  a  coefficient  of  \'ulcanization  under  5.  In 
other  words,  the  combined  sulfur  will  be  more  than  5  per  cent 
of  the  rubber  present. 

On  the  other  hand,  Whitby's  compounds  \-ulcanized  with 
various  difhiocarbamates  and  cured  in  from  3  to  5  min.  at 
287°  F.  (40  lbs.  steam)  showed  remarkably  high  tensile 
strengths  vdth  a  coefficient  of  \'ulcanization  seldom  over  1.5 
and  ordinarOy  less  than  1.  It  is  therefore  generally  realized 
that  the  larger  the  coOoidal  aggregates  in  rubber  \iilcanized 
to  the  point  of  commercial  cure,  the  greater  the  tensile 
strength,  the  resistance  to  tearing  and  flexing,  and  the  more 
pUable  and  stretchy  the  article.  Certainly  when  properly 
vulcanized  such  compounds  have  longer  life  and  stand  up 
better  in  service. 

Aside  from  the  advantage  and  more  rapid  turning  over  of 
equipment,  shorter  cures  at  moderate  temperatures  are  very 
desirable  because  of  the  increased  service  and  durabihtyof 
the  product  so  prepared.  It  will  be  remembered  that  a  few 
years  ago  3000  mi.  was  considered  a  remarkable  record  for 
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pneumatic  tires.  In  those  days  the  cures  were  from  3  to  5  hrs. 
long.  To-daj- a  record  of  10,000  mi.  is  considered  onlj'  average. 
The  curing  time  has  been  shortened  from  3  hrs.  to  approxi- 
mately 1  lir.  for  the  small  sizes.  The  large  sizes  have  been 
reduced  in  proportion. 

While  tliere  are  other  factors  which  have  had  a  bearing  on 
this  problem,  the  fact  remains  that  rubber  cured  with  the 
aid  of  organic  accelerators  has  a  lower  coefficient  of  ^Til- 
canization  than  formerly  and  a  liigher  degree  of  polymeriza- 
tion than  was  ever  met  with  in  the  old  days. 

Regardless  of  the  advantage  of  shorter  cures,  the  com- 
pounder is  limited  by  the  slow  heat  flow  in  stock.?  ami  fab- 
ricated articles.  The  heat  conductivities  of  both  rubiior  and 
fabric  are  low  and  therefore  a  very  thorough  understanding  of 
the  temperature  effects  must  be  had  before  one  can  secure  a 
uniform  cure  throughout  an  article.  This  requires  extensive 
thermocouple  measurements  and  considerable  mathematics 
in  working  out  the  generalizations.  Fortunately  work  on  this 
subject  is  now  going  forward  in  the  laboratories  of  se\'eral 
companies  and  it  is  hoped  within  a  short  time  to  be  able  to 
calculate  the  temperature  at  any  point  within  the  tire  or 
other  article  at  any  time  under  definite  temperature  con- 
ditions. 

Assuming  that  one  has  a  very  thorough  knowledge  of  the 
temperature  conditions,  we  have  then  the  problem  of  securing 
uniform  cure  throughout  the  article.  For  a  long  time  we  had 
to  place  entire  dependence  on  what  is  known  as  a  rising  or 
step-up  cure.  When  properly  worked  out  this  method  does 
give  practically  uniform  effects  but  with  the  introduction  of 
the  .so-called  flat  curing  accelerators  tiiese  problems  have  been 
sol^d  much  more  easily.  By  flat  curing  accelerators  we 
mean  those  which  are  capable  of  giving  uniform  physical 
properties  over  a  long  range  of  time. 

An  accelerator  is  known  which  has  a  range  of  from  30  min. 
to  4  hra.  cure  at  40  lbs.  or  287°  F.  Within  this  range 
of  cures  all  samples  of  this  stock  have  shown  perfect 
aging  to  date.  This  is  really  remarkable  and  certainly  helps 
to  smooth  off  any  ineciualities  left  by  an  improperly  gaged 
rising  cure. 

Practical  Phocedure  in  Compounding 

As  in  other  industries  the  application  of  the  scientific  method 
usually  follows  the  rule-of-tliumb  experiments  carried  on  by 
the  fu^t  investigators.  When  a  compounder  has  the  task  of 
working  out  comiwunds  and  structural  features  which  enter 
into  the  con.struclion  of  an  article,  as  for  example  a  pneumatic 
tire,  he  must  first  familiarize  himself  with  the  behavior  of 
articles  which  have  given  a  gwjd  account  of  themselves  in 
actuid  service.  Thus,  if  he  is  working  with  tires,  he  will 
study  various  makes,  determine  the  average  life  under  differ- 
ent conditions,  the  rate  of  tread  wear  and  deflection  under 
which  they  have  Ijceti  run,  the  tyix"  of  roads,  and  other  condi- 
tions of  service.  He  will  select  those  tires  which  ha\-c  given 
good  service,  or,  as  is  usually  the  case,  he  wll  pick  out  one 
tire  having  the  most  satisfactorj'  tread,  another  with  the  better 
bead  or  another  with  a  better  carcass,  and  in  fact  will  make 
a  study  of  the  weak  iK>ints  of  the  articles  then  in  .service. 

If  it  is  ,-team  hose  he  will  determine  the  average  life  both 
by  stcatiiiiig  tests  and  actual  service.  His  first  problem  is 
uiinu't'iMiiably  that  of  service  rendered  and  the  manner  in 
which  arlirl. ,  of  other  manufacture  have  met  this  service. 
Willi  tlic  .■,1...\.-  infonnation  he  will  then  make  a  more  care- 
ful analy-       ■  •'  • '■•         r,f  service  and  will  determine, 

wuong  c,i  hty  and  extent  of  flexing,  the 

maximum  :  i;  have  been  met,  the  conditiona 

of  wear,  the  la-^u  with  \s\,k]t  heat  may  escape,  whether 
the  8er\ice  is  continuous  or  intermittent,  and  he  will  make  a 
special  investigation  of  all  conditions  which  are  somewhat 
out  of  the  ordinary. 


He  will  then  tear  down  those  articles  which  have  given  the 
best  service  and  make  a  careful  analysis  of  them,  basing  his 
decisions  both  on  tests  after  service  has  been  completed  and 
on  the  freshly  manufactured  article.  For  example,  he  will 
determine  the  tensile  strength  and  ultimate  elongation  of 
the  different  compounds  which  enter  into  the  article  with  as 
much  accuracy  as  is  possible.  He  will  determine  the  stress- 
strain  curves  of  the  different  stocks  and  wiU  make  partic- 
ular note  of  the  load  required  to  produce  300  per  cent  elonga- 
tion, which  figure  many  compounders  have  now  come  to  regard 
as  the  best  index  of  stiffness.  He  will  study  the  character- 
istics of  the  hj-steresis  loop  and  particularly  the  ratios  of  energy 
input  and  output  at  low  elongations.  Moreover,  he  will  make 
careful  note  of  the  resistance  to  tearing,  to  abrasion,  and 
to  flexing.  These  three  are  perhaps  the  most  important  of  all, 
and  he  will  measure  these  resistances  by  tests  which  have  re- 
cently been  developed  but  which  have  not  yet  been  standard- 
ized. He  wiU  determine  the  rate  of  plastic  flow  and  of  re- 
covery. The  union  of  the  different  parts  of  the  article  to  one 
another  will  also  be  very  carefully  studied.  This  matter  is 
of  maximum  importance,  particularly  in  pneumatic  and  solid 
tires.  Many  tires  fail  through  unsatisfactory  unions  between 
the  phes  or  between  tread  and  breaker,  or  between  breaker 
and  carcass.  In  sohds  a  great  deal  of  trouble  results  from  sepa- 
ration between  tread  and  hard  rubber.  In  fact,  this  is  the 
most  serious  type  of  failure  and  has  caused  the  solid  tire 
companies  much  concern. 

Before  going  any  further  into  the  development  of  an  arti- 
cle to  meet  any  definite  set  of  conditions,  the  compounder  must 
make  a  careful  study  of  the  conditions  of  manufacture.  Too 
often  are  we  given  to  the  bad  habit  of  determining  wiiat  we 
should  have  without  regard  to  what  we  can  make.  The 
operations  through  which  different  compounds  must  pass  in 
going  from  the  umnanufactured  to  the  finished  state  must  be 
carefully  w-orked  out.  The  milling,  calendering,  and  tub- 
ing conditions  must  be  thoroughly  understood,  the  curing 
conditions  must  be  set  and  the  rate  of  heat  flow  measured  or 
approximated  in  order  to  determine  the  minimum  time  and 
the  proper  temperature  of  the  cure.  Moreover,  a  com- 
pound cannot  be  con.sidered  by  itself  but  always  in  relation 
to  other  stocks  and  the  union  which  it  must  make  to  them. 
In  addition  to  this,  the  compounder  is  limited  by  competi- 
tion to  a  certain  definite  cost  for  each  stock  and  if  possible  he 
must  reduce  costs,  at  the  same  time  delivering  a  product  of 
equal  or  better  quality.  Again,  appearance  is  usually  a  very 
large  factor.  He  must  make  a  special  effort  to  produce  an 
article  pleasing  to  the  eye. 

It  will  be  gathered  from  the  above  that  the  conditions  wiiich 
the  compounder  must  meet  in  order  to  develop  a  satisfactory 
article  are  not  only  numerous  but  difficult  to  handle.  Much 
of  the  lack  of  progress  along  scientific  fines  in  the  past  was  due 
largely  to  the  multiplicity  of  factors  which  had  to  be  consid- 
ered. 

In  compounding  to  meet  the  fine  conditions  of  cure,  a 
knowledge  of  the  behavior  of  accelerators  is  required,  which  as 
yet  is  little  appreciated.  Not  only  must  one  have  at  hand  a 
great  mass  of  data  obtained  at  normal  curing  temperatures, 
but  the  behavior  of  the  various  accelerators  with  different 
sulfur  and  accelerator  ratios  to  rubber  in  the  presence  of  vari- 
ous activators,  such  as  zinc  oxide,  lime,  etc.,  must  be  known 
for  various  temperatures.  As  a  rule  it  is  perfectly  satisfac- 
tory to  work  with  the  temperatures  of  50,  40,  30,  20,  and 
10  lbs.  of  steam.  Certain  accelerators  will  not  function  below 
30  lbs.  of  steam  and  there  is  at  least  one  which  is  said  not  to 
function  under  50  lbs.  of  steam. 

After  working  out  the  effects  of  various  accelerators  and 
sulfur  ratios  in  simple  mixes,  it  becomes  imperative  to  know 
the  influence  of  various  rubber  fillers,  oils,  greases,  and  sub- 


Sept.,  1922 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


853 


stitutes  on  such  compounds.  The  principal  difference  will 
be  found  in  the  fact  that  oils,  etc.,  require  slightly  higher 
sulfur  ratios.  With  this  information  as  a  basis,  it  is  possible 
to  work  out  compounds  which  will  cure  within  the  desired 
range  or  time,  and  the  average  compounder  will  make  a 
si)ecial  effort  to  have  this  range  as  wide  jis  possible.  Cer- 
tainly there  are  few  purposes  for  which  at  least  a  2-hr.  range 
cannot  be  obtained;  in  otlier  words,  a  compound  which  will 
give  equivalent  physical  properties  within  a  range  of  2  hrs. 
For  example,  it  should  be, possible  for  a  stock  which  has  cer- 
tain definite  characteristics  at  1  hr.  to  bo  cured  to  3  hrs.  with- 
out serious  change  in  jiliysical  properties.  This  does  not 
mean  of  course  that  one  should  cure  at  3  hrs.,  but  in  practically 
all  cases  we  are  much  safer  in  the  aging  properties  of  the 
compound,  if,  having  this  range,  we  then  cure  to  the  optimum 
cure  or  slightly  beyond  it. 

The  next  step  is  arriving  at  the  proper  plasticity  in  the  raw 
stock.  This  plasticity  enters  into  every  phase  of  the  fab- 
rication of  the  article.  For  example,  a  tire  friction  must  be 
soft  enougli  to  run  directly  on  cord  fabric  without  spreading 
the  cords.  It  must  thoroughly  penetrate  the  cords  and  it 
must  maintain  a  certain  tackiness  all  the  way  through  to  the 
tire  building  operations,  and  at  the  same  time  it  must  not  be 
so  sticky  as  to  stick  to  the  liner  or  to  work  out  badly  on  the 
bias  cutters.  This  plasticity  is  also  of  importance  in  making 
a  proper  contact  with  other  stocks,  whicli  is  the  first  requi- 
site in  securing  good  unions.  It  also  enters  into  the  readiness 
with  which  stocks  may  be  run  on  the  calender  and  tube  ma- 
chines. This  requires  a  very  thorough  study  of  softeners 
and  their  effects. 

Influence  of  Fillers 

From  a  study  of  articles  and  their  constituent  elements, 
one  can  usually  arrive  at  the  approximate  physical  character- 
istics of  the  compounds  employed.  Outside  of  cure  and  plas- 
ticity, the  development  of  a  compound  for  a  certain  purpose 
requires  a  thorough  knowledge  of  fillers,  which  may  be  di- 
vided into  the  active  and  inert  types. 

This  is  hardly  the  place  to  go  into  the  reasons  for  activity 
or  inertness  in  a  pigiiient  but  briefly  it  is  now  generally  under- 
stood that  activity  is  very  closely  tied  up  vrith  fineness  of 
division  and  the  condition  of  particle  surface.  For  example, 
micronex  carbon  black,  which  is  by  far  the  finest  product  com- 
mercially available  at  present,  has  a  fineness  of  division  of 
less  than  OAfi.  Moreover,  it  is  reasonable  to  suppose  that 
its  surface  is  not  merely  that  of  a  spherical  particle  but 
probably  is  something  of  the  nature  of  a  feather.  Regardless 
of  the  reason,  carbon  black  continues  to  be  our  most  impor- 
tant filler  and  the  one  which  has  the  greatest  toughening 
effect  upon  rubber.  Within  the  last  few  months,  however, 
certain  new  types  of  zinc  oxide  have  been  brought  out  which 
are  much  finer  and  carry  lower  impurities  than  the  older  grades 
and  therefore  are  more  reactive  and  show  greater  activation 
effects  on  accelerators  and  give  higher  tensiles  and  better 
stiffening  action.  To  date  there  are  no  competitors  of  carbon 
black  and  zinc  oxide.  Clay  has  been  advanced  and  has  been 
found  of  value  when  used  in  smaU  quantities.  While  it 
does  have  some  of  the  desired  stiffening  action,  yet  because  of 
the  fact  that  there  are  many  agglomerates  and  large  particles 
present  which  do  not  disperse  well  in  rubber,  it  has  as  yet  only 
limited  apjiUcation  in  high-grade  compounds.  Not  only  must 
one  pay  special  attention  to  the  fineness  of  di\nsion  and  sur- 
face effects  of  fillers,  but  the  degree  of  ease  vdth.  which  these 
fillers  can  be  dispersed  in  rubber  must  be  well  understood. 
Dispersion  experience  in  paint,  glycerol,  water,  and  other 
media  does  not  necessarily  hold  and  has  httle  bearing 
on  the  ease  with  wliich  a  pigment  may  be  dispersed  in 
rubber.  Methods  of  milling  and  the  softeners  employed  have 
a  gi'eat  bearing  on  the  subject  and  there  is  hardly  a  com- 


pounder who  cannot  improve  his  comi)ounds  by  improving 
his  milling  characteristics. 

Of  the  inert  fillers  none  are  very  finely  divided  and  con- 
sequently they  cannot  be  dispersed  very  thoroughly  in  rubber. 
To  this  class  belong  certain  grades  of  whiting,  clay,  barytes, 
and  others  which  arc  used  chiefly  because  they  are  cheap. 
In  high-grade  stocks  where  severe  conditions  of  service  must 
be  met,  it  is  unusual  to  find  them  present  in  any  high  per- 
centage. 

In  reference  to  the  rubbers  which  find  the  widest  appli- 
cation at  present  it  may  be  stated  that  one  of  the  outstand- 
ing features  of  our  present  compounding  is  the  wide  u.se  of 
brown  crepe.  This  rubber  mills  nicely  and  furnishes  de- 
sirable plasticizing  properties  to  the  resultant  compounds. 
It  is  true  that  it  does  vary  in  rate  of  cure  but  in  the  presence 
of  organic  accelerators  this  variation  is  so  masked  that  it  is 
of  little  importance.  A  nmch  more  important  problem  is 
its  variation  in  plasticity.  Many  comjianies  are  now  mak- 
ing plasticity  tests  by  milling  a  definite  weight  of  rubber 
under  carefully  controlled  conditions  and  determining  the 
time  required  for  breaking  down  to  a  desired  degree. 

There  was  a  time  when  compounding  and  design  were 
widely  separated  and  there  was  very  little  cooperation  be- 
tween the  two  ends  of  the  business.  Fortunately,  to-day  the 
designer  has  taken  uj)  compounding  or  the  compounder  has 
taken  up  design.  It  has  now  become  a  recognized  fact  that 
the  success  or  failure  of  any  rubber  article  depends  not  only 
on  the  stocks  employed  and  the  technic  of  factory  pro- 
duction, but  also  upon  how  well  the  mechanics  of  the  articles 
have  been  worked  out  in  perfecting  the  design.  For  years 
we  have  been  putting  too  much  fabric  in  our  tires.  This 
year  has  seen  a  decrease  in  the  number  of  plies  and  we  are 
soon  to  decrease  the  number  of  cords  per  inch  in  the  phes. 
Sea  Island  and  Egyptian  cotton  were  formerly  employed  ex- 
clusively. To-day  much  karded  and  combed  peeler  will  be 
found  in  many  of  the  best  tires. 

Conclusion 

In  outhning  the  above,  the  writer  has  made  no  effort  to 
go  into  detail  on  any  of  the  big  problems  of  compounding. 
His  whole  aim  has  been  to  point  out  the  conditions  which 
confront  the  compounder  and  the  vast  amount  of  informa- 
tion which  he  must  have  at  hand  in  order  to  successfully  meet 
the  conditions  of  ser^ice  and  competition.  It  is  hoped  that 
this  paper  will  serve  as  an  illustration  of  the  appUcation  of 
the  scientific  method  to  one  of  the  most  difficult  branches  of 
applied  engineering. 


Meeting  of  the  American  Electrochemical  Society 

The  Forty-second  General  Meeting  of  the  American  Electro- 
chemical Society  will  be  held  at  Montreal,  Quebec,  and  will  be 
opened  by  President  Schluederberg  on  Thursday  morning, 
September  21. 

The  recently  organized  Division  on  Electrodeposition  will  be 
well  represented.  One  of  the  papers  of  the  Thursday  morning 
session  will  deal  with  the  physical  properties  of  electrolytic  iron — 
a  product  which  is  being  prepared  commercially,  contrary  to  all 
predictions  of  ten  years  ago.  There  will  also  be  papers  on  zinc, 
brass,  and  other  electrodeposited  metals. 

The  Thursday  afternoon  and  Friday  morning  sessions  of  the 
Electrothermic  Division  will  be  given  over  to  a  symposium  on 
"Industrial  Heating,"  which  will  include  the  following  papers: 
History  of  Industrial  Heating;  Principles  of  Design  of  Furnaces;  Com- 
parison of  Fuel  Costs  in  Different  Types  of  Electric  Furnaces,  and  with 
Combustion  Furnaces;  Resistor  Materials;  Speci6c  Heats;  Electric  Con- 
ductivity of  Insulating  Materials  at  Industrial  Furnace  Temperatures; 
Heat  Emissivity;  Heat  Transfer. 

A  popular  lecture  on  the  Progress  in  Physical  Science  is  sched- 
uled for  Thursday  evening.  Section  Q  will  be  in  charge  of  an 
old-fashioned  Smoker  on  Friday  evening.  A  special  train  will 
be  furnished  for  an  all-day  trip  to  Shawinigan  Falls.  Hotel 
Windsor  will  be  headquarters  for  this  meeting. 
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Physics  of  Rubber,    1920-1921 

By  W.  B.  Wiegand 
Managing  Director,  Ames  IIolden  McCready,  Ltd.,  Montreal,  Canada 


PERHAPS  the  most  valuable  publication  of  the  period 
is  "Plantation  Rubber  and  the  Testing  of  Rubijer," 
by  G.  S.  Whitby;  Part  II  of  which  include.?  a  review 
of  the  work  on  rubber  by  some  of  the  master  physici.-^ts  of 
the  nineteenth  centurj'.  Nothing  could  be  more  fruitful  than 
the  repetition  of  niurh  of  this  work,  with 
with  due  regard  to  composition  and  life 
historj'  of  the  mixings  employed. 

Phtsical  Structuhe 

Unstrained — The  spatial  distribution 
of  discrete  ingredients  in  \-ulcanized  rub- 
ber has  been  admirably  studied  by  Mr.  H. 
Green, '••  whose  photomicrographs  show 
clearly  the  phenomena  of  dispersion  and 
agglomeration.  The  extension  of  his  work 
to  uncompounded  nibbcr  may  add  to  our 
knowledge  of  its  ultimate  colloidal  struc- 
ture ami  so  supply  \'i.sual  confirmation  or 
othenW.se  of  the  net  work  hypothesis  of 
C.  O.  North,'  and  of  the  spheroidal  theory 
of  R.  W.  Lunn.' 

STRAiNED^The  development  of  vacu- 
oles at  the  poles  of  particles  in  strained 
rubber,  predicted  on  theoretical  grounds 
by  H.  F.  Schippcl,'  has  been  visually  con- 
firmed by  H.  Green.'  This  phenomenon 
has  deep  significance  in  connection  with  the  theory  of  rein- 
forcement .• 

Mechanical  Properties 

The  physical  testing  of  rubber  has  been  actively  carried 
on  but  with  no  important  contributions  to  testing  technic' 
Standardization  as  to  equipment,  procedure,  and  represen- 
tation is  beginning    to  receive  the  attention  it  deserves.* 

Stress-Strain  Curve — The  attention  of  rubber  workers 
continues  to  be  directed  less  toward  breaking  values  and 
more  towarfl  the  complete  curve.  The  "conchoid"  analogy 
of  Schidrowitz  and  (lolilslmrough  has  been  shown  to  be 
inadequate;'  and  f^liields,"'  and  somewhat  later,  Ilatschek," 
have  publLshed  new  formulas  based  on  curves  distorted  by 
calculation  to  actual  cross  section;  the  former,  who  seems 
to  use  only  the  early  part  of  the  curve,  arriving  at  a  com- 
plex Ir>garithniic  expression,  the  latter  deriving  in  elegant 
fiuiliion  u  rectangular  hyperbola  for  the  same  curv'e.  The 
preiK-nt  writer  finds  that  when  the  Ilatschek  method  is  ap- 
pliwl  to  curves  for  stocks  rcjiresenting  a  range  of  typical 
factory  mi.vings  the  construction  is  inapplicable.  More- 
over, neither  author  has  established  any  j)hysical  significance 
fur  the  parameters  that  appear  in  their  equations. 

\'o)jt"  hus  dcscril)e<l  a  infxlified  method  of  recording  stress- 
strain  (lata,  which  facilitate^  the  closer  study  of  reversion 
phenomena. 

Kneuoy  RELATioxsHii's-Of  tlic  many  physical  constants 
u***!  '      '        '     '  ''  i's  of  a  sample,  perhaps  the 

nwM  ■  \  is  the  energy  of  resilience 

1^  nir:i  I.I    :    .  ;i.Jcd  by  the  s.-s.  curv'e  on  the 

elongation  a.vi.s.  J'rojMwd  in  June  1920,"  this  quantity 
has  been  widely  adopted.  Gumey  and  Tavener"  describe 
the  energy  alworption  of  various  rai.xings  subjected  to  re- 

*  Numlwrs  in  tMt  rttcr  lo  Rrfcrrnm  at  end  of  paper. 


W   B.  Wiegand 


pcated  stresses,  emphasizing  tlie  superiority  of  high-rubber 
compounds  for  work  (such  as  in  airplanes)  requiring  a  slow 
rate  of  energy  absorption.  An  important  application  to  auto- 
motive equipment  is  the  use  of  rubber  spring  shackles."  Hys- 
teresis los.ses,  as  influenced  by  cure,  pigment  loading,  and  cycUe 
elongation,  are  described  by  Wiegand." 
An  interesting  fact  is  the  very  large 
increase  in  resilience  induced  by  the  addi- 
tion of  a  highly  dispersed  nonelastic  phase 
such  as  carbon  black. 

Volume  Changes — The  outstanding 
contribution  is  H.  F.  Schippel's'  paper 
.sliowing  the  enormous  increases  in  volume 
(as  much  as  100  per  cent)  when  highly 
pigmented  stocks  are  strained.  This  has 
a  vital  bearing  on  elastic  theory.  San- 
derson'' has  studied  the  thermal  expansion 
of  various  mixings,  finding  no  discontinuity 
at  the  \-ulcanizing  point. 

Grain — Van  Rossem"  has  described 
calender  grain,  including  its  disappearance 
through  heating,  which  he  as.signs  to  the 
Joule  effect.  In  this  opinion  he  is  opposed 
by  Wiegand"  and  Lunn'  who  regard  the 
phenomenon  as  essentially  due  to  viscosity- 
temperature  relationships.  (See  also 
Skellon.™) 

Hardness  tests  have  been  thoroughly  studied  by  Gumey,-' 
l^articularly  as  applied  to  the  manufacture  of  rubber-covered 
rolls. 

Effect  of  Compounding  Ingredients — The  connection 
Ijctween  fineness  of  subdivision  and  reinforcing  action  has 
been  definitelj'^  established. ''■'^  Further  work  is  necessary 
to  clear  up  the  Tole  played  by  adhesional  forces  as  distin- 
guished from  specific  surface.  The  mechanical  properties 
of  vulcanized  rubber  have  been  shown  to  be  controllable 
over  very  wide  ranges  througli  the  intelligent  use  of  various 
fillers.  The  remarkable  reinforcing  properties  of  carbonate 
of  magnesium  have  been  well  established  by  Greider.''^'  Min- 
eral rubber  has  been  the  subject  of  a  masterly  study  by 
C.  0.  North." 

The  important  bearing  of  particle  shape  upon  the  jihenom- 
ena  of  grain,  set,  and  hysteresis  demands  further  study.'* 
Measurement  of  Particle  Size — The  imjjortance  of  sub- 
<livision  as  a  guide  to  pigment  reinforcement  has  stimulated 
H.  Green-'  to  develop  to  great  precision  the  direct  micro- 
scopic method.  Using  violet  light,  this  worker  has  been  able 
to  mejisure  particles  down  to  0.2  micron  in  diameter.  H. 
A.  Gardner-*  has  described  a  very  novel  method  of  esti- 
mating the  fineness  and  texture  of  pigments  by  rubbing  them 
on  a  phonograph  record.  W.  W.  \'ogt"  favors  the  obscur- 
ometer  method  of  measuring  average  particle  size.  This  has 
bad  strong  criticism  from  the  standpoint  of  refractive  index." 
Those  who  favor  clay  as  a  compounding  ingredient  will 
find  tlie  paper  bj'  Comber"  very  suggestive. 

The  race  for  superfine  rul)ber  pigments  has  led  to  inten- 
sive research,  working  both  from  the  atomic  state  (sublimed 
litharge,  zinc  oxide,  magnesium  carbonate),  and  from  the 
ciiarse  condition.*" 

Thus  we  may   soon  come  upon  flic  ideal  pigment,  one 
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which  unites  colloidal  fineness  with  freedom  from  entrained 
air  and  is  at  the  same  time  iiijlit,  ciieap,  and  easily  dispersed 
on  the  mill.  The  production  of  such  an  ingredient  in  the 
standard  colors  will  mark  a  new  era  in  rublier  compounding. 

Physical  Effects  of  Acckleuators— ^Reinforcement  is, 
however,  attainable  by  means  other  than  the  introduction 
of  a  highly  dispersed  phase.  The  organic  accelerators, 
besides  shortening  the  cure,  greatly  imjirove  the  mechanical 
properties.  Schidrowitz  and  Burnand"  have  shown  that 
piperidino  piperidyldithiocarbamate  increases  energy  of  resil- 
ience and  ultimate  tensile  and  decreases  (improves)  the 
"slope" — facts  well  known  in  the  art. 

Lack  of  space  i)r('cludes  detailed  refeience  to  other  papers 
bearing  on  the  piiysical  aspects  of  ac(u>leration.'-  Especial 
importance,  however,  attaches  to  the  scholarly  work  of  Twiss 
and  his  collaborators  in  which,  inter  alia,  is  described  the 
interesting  pseudo-reversion  of  accelerated  mixings  contain- 
ing only  small  percentages  of  zinc  oxide. 

Other  Physical  Properties — The  thermal  conductivity 
of  rubber  and  the  more  common  ingredients  has  rightly 
attracted  attention,  and  during  the  (leriod  imder  review  two 
papers  have  appeared,  Somer\ille,"  and  Williams.'*  The 
results  arrived  at  by  these  two  workers  differ  so  radically  as 
to  leave  the  reader  in  complete  ignorance.  The  subject 
deserves  clearing  up. 

Hitherto  the  reversible  heat  (Joule  effect)  involved  in 
deformations  has  been  left  entirely  unrecognized  in  physical 
testing.  Isothermal  or  nearly  isothermal  conditions  have 
been  chosen,  where.as  service  conditions  (as  in  tii'es)  are  in 
many  cases  adiabatic. 

Thus  the  present  WTiter  feels  that  rubber  deserves  better 
from  the  thermodynamicians,  and  looks  to  the  daj'  when  a 
Willard  Gibbs  or  a  van't  Hoff  will  formulate  for  rubber  the 
laws  so  carefully  worked  out  for  gases  and  solutions.  In 
this  connection  the  impact  test  (by  Sehob  pendulum,  for 
example)  offers  possibilities  for  adiabatic  research. 

The  phj'sical  conditions  attending  the  action  of  light  on 
rubber  have  been  carefully  studied  by  Porritt.'-^-'"  An 
interesting  commercial  development  is  the  "Rubber  Glass,"" 
being  developed  by  Fordyce  Jones  by  means  of  the  Peachey , 
cure.  It  will  be  interesting  to  observe  the  light  aging  proper- 
ties of  this  substance. 

The  variability  of  crude  rubber  as  reg.ards  cure  is  becoming 
relatively  less  important  than  its  variability  as  regards  mill- 
ing properties  and  beha\'ior  iii  cements.  We  hope  for  more 
papers  on  this  problem.  The  difficulty  has  been  to  develop 
clear-cut  technie  for  the  quantitative  expression  of  these 
differences. 

Permeability  to  gases  has  been  Carefully  studied  by  Edwards 
and  Pickering.^  Accelerated  beat  aging  tests  have  become 
a  definite  part  of  testing  technie,  owing  cliiefly  to  the  work  of 
Dr.  W.  C.  Geer.™ 

It  is  to  be  hoped  that  an  increasing  number  of  graduate 
physicists  will  be  attracted  to  rubber,  a  subject  in  which  they 
will  find  ample  scope  for  work  of  the  greatest  theoretical  as 
well  as  practical  importance. 
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Fatal  Explosion  at  Harvard  College 

On  May  19,  1922,  an  explosion  and  fire  occurred  at  the  Jefferson 
Physical  Laborator>'  at  Harvard  College,  which  was  fatal  to  two 
and  injured  several  others. 

According  to  the  evidence,  Mr.  A.  K.  Dunbar,  one  of  those 
killed,  was  compressing  oxygen  from  a  balloon  situated  just  out- 
side of  the  building  into  a  steel  gas  cyhnder  that  was  stand- 
ing on  the  cement  floor  of  the  basement.  Compression  was 
effected  by  means  of  a  Whitehead,  two-stage  compressor  with 
water-lubricated  cylinders,  of  about  one-half  cubic  foot  per 
minute  capacity,  driven  by  an  electric  motor.  The  gas,  after 
passing  through  the  two  stages  of  the  compressor,  was  con- 
ducted through  a  small  water  separator  and  thence  into  the 
cylinder  where,  at  the  time  of  the  explosion,  it  had  reached 
approximately  1500  lbs.  per  square  inch. 

Mr.  Dunbar  was  in  an  adjoining  room  conducting  gas  analyses 
and  hastened  to  the  compressor  upon  hearing  a  sUght  pop  in 
the  safety  valve.  The  motor  had  stopped  and  he  went  to  the 
main  switchboard  to  ascertain  the  cause,  after  which  he  returned 
to  the  compressor  room,  started  the  compressor,  and  was  evi- 
dently standing  near  the  apparatus  when  the  explosion  occurred. 

The  primary-  explosion  was  e\-idently  in  the  lower  part  of  the 
steel  cylinder  into  which  the  gas  was  being  compressed,  and  the 
flying  fragments  exploded  the  separator  and  a  partly  filled  cylin- 
der of  illuminating  gas.  The  probable  cause  of  the  explosion 
was  oxygen  gas  under  high  pressure  coming  in  contact  with  oil 
in  the  lower  part  of  the  cylinder. 

In  the  compression  of  hydrogen  gas  into  steel  cylinders,  oil 
is  used  for  lubrication,  some  of  which  finds  its  way  into  the 
cylinder  or  upon  the  valve  thereof.  In  compressing  oxTgen 
gas,  water  or  soapy  water  is  used  for  lubrication,  since  whenever 
oil  comes  in  contact  with  oxygen  imder  high  pressures  an  explo- 
sion generally  follows.  To  avoid  such  accidental  explosions, 
all  cylinders  used  for  hydrogen  compression  are  fitted  with 
screw  connections  having  left-hand  threads.  The  cylinder 
that  exploded  had  a  left-handed  connection,  and  the  e\-idence 
seems  to  show  that  at  some  previous  time  it  had  been  used  for 
the  storage  of  hydrogen  under  pressm-e,  and  probably  contained 
oU  which  caused  the  explosion. 


It  is  reported  that  a  new  process  for  making  colored  motion 
pictures  has  been  perfected  by  the  Technicolor,  Inc.,  of  which 
Wilham  Hamlin  Childs  is  the  head.  A  plant  is  to  be  bmlt  near 
New  York  with  a  capacity  of  1,000,000  ft.  of  fihn  weekly. 
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The  Chemistry  of  Rubber  Vulcanization  and  Acceleration 


By  C.  W.  Bedford 

Research  Labohatoribs,  ThB  B,  F.  Goodrich  Co.,  Akron.  Ohio 


IT  IS  NOW  generally  conceded  that  the  vulcanization  of 
nibbcr  is  a  chemical  process,  while  physical  chemistrj' 
plays   a   secondary,    although   important   part.    The 
addition  of  sulfur  to  rubber  has  long  been  recognized  as  greatly 
facilitat<>d  by  the  presence  of  inorganic  accelerators  such  as 
litharge,  lime  or  white  lead,  the  latter  hav- 
ing been  first  u.'Jod  l)y  Charles  Goodyear 
himself,  but  only  within  the  past  few  years 
has  it  been  shown  that   these   inorganic 
accelerators  are  dependent  on  the  presence 
of  resins,  proteins,  organic  accelerators  or 
other  organic  substances,   and  that  their 
action  is  serondarj'  in  character.     ^Vhile 
the  accelerating  action  of  ammonia  had 
been  ob.s(•r^■ed  in   1881,'  it  was  not  until 
I'.HX)  that  the  organic  nitrogenous  acceler- 
ator wa.s  discovered.      Since    the  publi- 
cation of  the  Bayer  patents  on  piperidine 
in  1912  the  number  of  known  organic  accel- 
erators  has  increased  into  the  hundreds. 

The  mechanism  of  the  vulcanization 
process  is  each  year  becoming  more  fully 
understood  through  the  efforts  of  rubber 
chemists  the  world  over.  The  following  is 
a  brief  summarj-  of  tlie  results  of  their 
latest  work. 

The  relative  reactivity  of  different  forms  of  sulfur  is  a 
fundamental  question  which  has  recently  boon  invest igatcd 
further  l>y  D.  F.  Twi.ss.-  His  work  indicutcs  that  there  is 
little  difference  in  activity  between  solul)lc  and  in.soluble  sulfur 
at  temperatures  from  08°  to  188°  C.  The  Peachey  process 
of  v-ulcanization  by  hydrogen  sulfide  and  sulfur  dioxide' 
gases  at  ordinary  temjieratures  liberates  a  form  of  sulfur  which 
may  be  isolated'  and  used  for  vulcanizing  rubber  at  low 
temperatures.  This  form  of  sulfur  (luickly  changes  through 
the  insoluble  or  plastic  variety  to  ordinary  rhombic  sulfur, 
thereby  losing  its  extraordinarj'  vulcanizing  power.  The 
question  of  "na.scent"  sulfur  and  its  possible  reaction  with 
rubber  is  still  an  open  one.  Peachey  has  relied  on  this  ex- 
|)lanation  for  his  cold  vulcanization  by  ga.ses.  Others  have 
calletl  attention  to  the  inactivity  of  nascent  sulfur  liberated 
in  rubber  cements  by  the  action  of  hydrogen  sulfide  on 
aromatic  nitroso  compounds.*  This  question  is  of  great 
importance  for  the  ultimate  explanation  of  the  mechanism  of 
vulcaniiation. 

Vulcanization  by  organic  disulfides  without  the  use  of 

elemental   sulfur  has  recently  been  reported  from  several 

.sources.     Romani'  cites  tetramethyl  thiuram  disulfide  and 

f'aldwfll'  mentions  oxybutyl  thiocarbonic  disulfide   (butyl 

illide).    The   disulfides   are   said   to   revert   to 

giving  up  the  other  atom  of  sulfur  to  the  rubber. 

•    previou.sly   vulcanized   rubber   with   hydrogen 

disulfade,  and  Kratz'  used  ammonium  hydrosulfide  without 

'  Brit    I-oi'.  '  7^7    i^vi, 
'J.Soc   ■ 

•  Bril.  r. 
•Thu  J.  '  ■ 
•C.  A..  1«  il'J.-.',. 

•  Brit.  Paltnt  Appli.  ili.Ti  174,015  (1822). 
'  Or.  P.ient  219..'i2.-,  MWS):  C.  A..  4  dttliii    ?L'1I 
'This  Jourmai.,  II  (1921),  07. 


free  sulfur  but  in  the  presence  of  air  (ammonium  disulfide). 
Vulcanization  mth  disulfides  seems  to  be  related  to  the  ^'ul- 
canization  without  sulfur  by  benzo}^  and  other  peroxides, 
according  to  Ostromuislenskii.' 
Clo.sely  related  to  the  action  of  disulfides  is  the  action  of 
higher  polysulfides.     The  use  of  antimony 
persulfides  is  well  kno^Ti.     Gerard  vulcan- 
ized \nth  zinc'2  and  calcium  polysulfides,'" 
Bourquin"   used  the  polysulfides  of  hydro- 
gen, sodium,  and  calcium,  Esch'-  worked 
with   magnesium    polysuLfide,  and  C.  0. 
Weber''  states  that  zinc  sulfide  has  some 
vulcanizing  action.     Erdmann,'*  in   1908, 
proposed  a  polysulfide  theory  of  vulcani- 
zation through  the  formation  of  tliiozo- 
nides,  a  theory  that  was  later  expanded 
by  Ostromuislenskii,'*  Kratz,'^  Bedford," 
Bruiii,'*   and    their   co-workers.     Organic 
polysulfides    of    meta-toluylene    diamine 
disulfide,  mercapto-benzothiazole  disulfide, 
and  other  disulfides  are  also  used  for  vul- 
canization purposes.    Their  action,  how- 
ever, is  greatly  aided  by  the  presence  of 
zinc  oxide. 
A  further  advance  in  rubber  chcmistr}' 
w.  BEDPORD  vvas  made  by  Ostromuislenskii"   by   the 

discovery  of  the  rapid  Milcanization  of 
rubber  at  ordinary  temperatures.  The  dithiocarbamates  of 
piperidine,  methyl  amines  and  many  other  organic  bases 
(■;ius<'  sulfur  to  vulcanize  rubber  at  room  temperatures  in  a 
comparatively  short  time.  Later  it  was  showii  that  this 
\T.ilcanizing  power  is  available  only  in  the  presence  of  metallic 
oxides  and  that  metallic  salts  of  dithiocarbamates  function 
in  the  process  of  ^^lleanization.  Ostromuislenskii-"  also  found 
that  zinc  alkyl  xanthates  are  equally  strong  in  their  accelerat- 
ing power  although  they  contain  no  nitrogen,  an  element 
which  for  many  years  was  considered  necessary  for  \'ulcaniza- 
tion.  Zinc  thiophenols"  have  also  been  added  to  the  list  of 
nonnitrogenous  accelerators. 

Most  organic  accelerators  rely  on  the  secondary  action  of 
metallic  oxides  to  bring  out  their  full  vulcanizing  power, 
while  some,  such  as  aniline  and  aldehyde  ammonia,  are  re- 
tarded thereby.  Scott  and  Bedford"  have  divided  organic 
accelerators  into  two  classes:  (a)  hydrogen  sulfide  poly- 
sulfide accelerators,  (6)  carbosulfhydryl  polysulfide  acceler- 
ators. The  first  class  includes  compounds  such  as  aniline 
which  do  not  need  the  aid  of  inorganic  accelerators,  and  are 
suppo.scd  to  form  polysulfides  by  first  reacting  with  hydrogen 
sulfide  to  form  derivatives  of  ammonium  sulfide,  then  dissolv- 
ing sulfur  to  form  polysulfides  similar  to  atnmonium  poly- 

•U.  S.  Patent  1,249,181  (1917). 

>•>  Gmclia,  "Handbook  of  Chemistry,"  17,  349. 

•■  Cummi-Xfarkl.,   4   (1910),  408. 

"lifid  .  »,  68  and  125. 

'<  Z.  angtw.  Chrm.,  1898,  631,  661. 

■<  .■Inn.SSa  (1908),  133. 

"  C.  A..  10  (1916),  1944,  3177. 

"  This  Journai.,  11  (1920),  317 

"  Ibid  .  18  (1921),   12.'>. 

"C.  /I.,  16  (1921),  391.1. 

'» Ibid..  10  (1916),  1943. 

»  Ibid.,  10  (1916),  3176. 

"  This  JouRNAt,  IS  (1921),  1034. 
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sulfide.  The  second  class  either  contains  carbosulfliydryl 
groups  or  forms  them  by  reactions  during  vulcanization. 
This  class  includes  mercaptans,  dithiocarlianiatcs,  thioureas, 
xanthates,  etc.,  and  is  said  to  function  throu);h  the  formation 
of  the  metallic^  salts  which  are  described  as  forming  mercaptide 
polysulfidcs  that  contain  per-sulfur  sutrK'iently  active  to  react 
with  rubber  at  ordinary  temperatures.  In  support  of  this 
general  theory  there  has  been  prepared  an  active  type  of  zinc 
sulfide^  which  forms  polysulfidcs  and  is  an  active  accelerator. 
Tliiocarbanilide  is  comparatively  inactive  in  the  absence  of 
zinc  oxide  and  has  been  found  to  form  zinc  and  lead  mercap- 
tidcs  through  its  tautomeric  m(-rcapto  form. 

Twiss-' energetically  disagrees  with  tiiis  theory  of  the  action 
of  zinc  mercaptides,  ditliiocarbamates,  xanthates,  etc.,  calling 
attention  to  the  fact  that  the  zinc  salts  still  need  the  presence 
of  zinc  oxide  to  bring  out  their  full  vulcanizing  power.  Bed- 
ford and  SebreU--  found  that  their  action  was  also  increased, 
in  rubber  cements,  by  the  incsence  of  aniline,  and  Cadwell'-  --' 
finds  the  same  action  of  aiiiUne  and  other  amines,  not  onlj'  on 
zinc  dithiocarbamates,  xanthates,  etc.,  but  also  on  thiuram 
disulfides  and  xanthic  disulfides: 

(RjN— CS— S— S— CS— NR2  and  RO-CS— S— SCS— OR) 

Bruni"  offers  a  second  theor}'  for  the  action  of  zinc  oxide, 
which  parallels  the  above-mentioned  theorj-  up  to  the  for- 
mation of  the  zinc  salt  of  the  thio  acid  or  mercaptan.  He 
states  that  sulfur  reacts  with  the  zinc  salt  to  form  a  disul- 
fide and  zinc  sulfide  according  to  the  equation ; 

(R2N— CS-S— ),  Zn  4-  S  =  (R2N— C&-S)2  +  ZnS 

This  disulfide  is  then  believed  to  vulcanize  the  rubber  by  re- 
verting to  the  monosulfide,  which  in  turn  reacts  with  elemental 
sulfur  to  reform  the  disulfide.  Twiss"  again  calls  attention 
to  the  need  of  zinc  oxide  for  bringing  out  the  full  effect  of  the 
disulfide,  even  when  the  disulfide  is  formed  outside  the  rubber 
mix  and  compounded  as  such,  under  which  conditions  Brum's 
theoretical  need  or  zinc  oxide  should  be  absent.  Tvviss 
believes  that  there  is  some  reaction  product  common  to  disul- 
fides, dithiocarbamates,  zinc  oxide,  and  sulfur,  wiiich  forms 
the  true  accelerator  or  \'ulcanizing  agent. 

Further  in  regard  to  the  thiuram  disulfides,  it  has  been 
shown  that  they  do  not  vulcanize  rubber-sulfur-zinc  oxide 
mixes  at  room  temperature  as  do  the  zinc  salts  described 
below,  while  the  action  of  hydrogen  sulfide,''  even  at  ordinary 
temperatures,  changes  the  disulfide  to  a  dithiocarbamate,  and 
in  the  presence  of  zinc  oxide  starts  the  process  of  rapid  vul- 
canization \\ithout  the  application  of  heat.  The  above- 
mentioned  action  of  aniline  in  causing  thiuram  disulfides  to 
\'Tilcanize  rubber  at  ordinary  temperatures  may  be  explained 
in  the  same  manner  according  to  Fromm'-*  who  showed  that 
aniUne  and  other  primary  amines  easily  react  with  these 
disulfides  to  form  dithiocarbamates.  Thiuram  disulfides  as 
well  as  dithiocarbamates,  derived  from  secondary  amines, 
are  found  by  Twiss  to  be  much  more  active  than  those  from 
primary  amines. 

In  general,  the  study  of  the  mechanism  of  \Tjlcanization 
seems  to  be  concentrating  on  the  action  of  accelerators  which 
need  the  aid  of  zinc  oxide.  Little  has  been  pubhshed  on  the 
effect  of  litharge,  lime  or  magnesia.  The  action  of  aniHne, 
aldehyde  ammonia,  para  nitroso-dimethyl  anihne,  and  many 
other  accelerators  still  remains  practically  untouched.  The 
important  factor  of  temperature,  the  nonacti\ity  of  certain 
accelerators  at  temperatures  where  others  are  violently  active, 
has  been  commented  on  as  due  to  the  relative  stabihtj'  or 
instabihty  of  the  reaction  products,  but  a  satisfactory  ex- 
planation has  not  yet  appeared. 

"  Brit.  Patent  Application  177,493  (1922). 
"  J.  Soc.  Chem.  Ind..  61  (1922),  SIT. 
"Ann.,aia,  144. 


This,  in  brief,  is  the  present  status  of  the  chemistry  of 
rubber  vulcanization.  The  advent  of  the  organic  accelerator 
has  furnished  the  rubber  chemist  definite  chemical  compounds 
for  use  in  vulcanization  and  provided  a  means  of  throwing 
some  light  on  the  mechanism  of  the  process.  In  general,  the 
polysulfide  theory  is  fairly  well  accepted;  in  detail  there  are 
many  differences  of  opini(jn  and  many  unsolved  problems. 
History,  in  connection  with  rubber  chemistry,  is  being  made 
at  a  rajnd  rate  and  we  await  with  extreme  interest  the  de- 
velopments of  the  immediate  future. 


D.  n.  KilleflFer  Succeeds  R.  T.  Stokes 

Kollowinj;  the  sudden  death  of  the  former  secretary  of  the 
Biscuit  and  Cracker  Manufacturers'  Association,  the  position 
was  ofTered  to  and  accepted  l)y  Mr.  R.  T.  Stokes  who  had  but 
recently  become  associate  editor  of  This  Journaf,. 

Mr.  D.  If.  KillelTer  has  been 
appointed  associate  editor  to  suc- 
ceed Mr.  Stokes.  Mr.  Killcffer  is 
a  graduate  of  the  I'niversity  of 
North  Carolina.  After  gradua- 
tion he  became  a  meral:>er  of  the 
staff  of  the  Brown  Lal)oratorics 
of  Nashville  and  served  in  the 
department  of  tests  of  the  Nash 
ville,  Chattanooga,  and  St.  I.ouis 
Railway.  Subsequently  he  was 
research  chemist  on  plant  devel- 
opment for  the  Calco  Chemical 
Co.,  and  since  January  1920  has 
been  a  member  of  the  editorial 
staff  of  Drug  and  Chemical 
Markets. 

Mr.  Killcffer  will  have  head- 
quarters in  New  York  but  our 
readers  will  meet  him  frequently 
in  other  parts  of  the  country, 
particularly  in  industrial  chemi- 
cal fields. 


D.    H.    KlLLEP 


Meeting  of  Chemists  at  Utrecht 

At  Utrecht  on  June  21  to  23  there  was  held  the  first  gathering 
since  the  war  at  which   chemists  from  Germany  and  .A.ustria 
have  met  chemists  from  England,  America,  and  other  countries. 
America:     L.  M.  Dennis.  D.  A.  Maclnnes,  W.  A.  Noyes. 
Austria:     E.  Abel,  J.  BiUiter,  F.  Emich,  A.  Kailan,  A.  Klemenc,  F.  Pregl, 

A.  Skrabal,  R.  Wegecheider. 
Czechoslovakia:     J.  V.  Dubsky,  .\.  Simek. 

Denmark:     X.  B.  Bjerrum,  J.  N.  Bronsted,  J.  Petersen,  Chr.  Winther. 
England:     E.  C.  C.  Baly,  F.  G.  Donnan.  W,  C.  McLewis. 
Germany:     M.  Bodenstein,  G.  Bredig.  O.  Hahn,  P.  Pfeiffer,  R.  Schenck,  W, 

Schlenck.  A.  Stock,  P.  Walden,  H.  Wieland. 
Holland:     J.  Backer,  J.  J.  Blansma,  Ernst  Cohen,  A.  F.  Holleman,  F,  M. 

Jaeger,  H.  R.  Kruyt.  W.  Reinders.  P.  van  Romburg. 
Lilhuanin:  M.  Centnerscliwer.  Russia:  N.  Schilow.  Switzerland:  J.  Piccard. 
The  original  suggestion  of  the  meeting  was  made  by  Professor 
Donnan  of  London,  and  the  preliminary  plans  were  made  at  a 
meeting  in  the  home  of  Professor  Cohen  of  Utrecht  in  June 
1921.     The  details  were  carried  out  by  Professor  Cohen. 

The  following  scientific  papers  were  read  and  discussed : 
E.  C.  C.  B.\i.Y.     Photochemical  Catalysis. 
P.  Walden.     Free  Radicals. 
W.  A.  Noyes.     Positive  and  Negative  Valences. 
W.  Schlenck.     Contributions  to  the  Chemistry  of  Free  Radicals  and  the 

Varying  Affinity  of  Carbon  Compounds. 
M.  BoDExsTEiN.     The  Photochemical  Structure  of  Phosgene. 
L.  M.  Dennis.     The  Preparation  and  Properties  of  Metallic  Germanium. 
H.  Wieland.     Free  Radicals. 
N.  Schilow.     Distribution  Equilibria. 
J.  Piccard.     Absorption  Colors  of  the  Second  Class. 
E.    Abel.     Direct   and   Indirect   Esterification   in   Absolute   and   Aqueous 

Glycerol,  According  to  Experiments  of  Karl  Heidrich. 
A..  KxEMENC.     Vapor  Pressures  of  Isometric  Benzol  Derivatives. 
M.  Centnerschwer.     A  Proposal  for  the  Introduction  of  a  Small  Unit  of 

Measure  (Radion). 
At  a  reception  in  Hotel  Pays-Bas  on  Wednesday  afternoon, 
there  were  addresses  of  welcome  by  G.  L.  \'oerman.  President  of 
the  Chemical  Society  of  Holland;  Professor  Went,  President  of 
the  Royal  Academy  of  Science  of  Amsterdam,  and  a  response  by 
W.  A.  Noyes.     [W.  A.  Noyes,  Urbana,  111.] 
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Recent  Advances  in  Pulp  and  Paper 

By  Clarence  J.  West 
Cb.iwma.n.  Committee  on  Bibliography,  T.  A.  P.  P.  I.,  1701  Massachusetts  Ave.,  Washington,  D.  C. 


Raw  Matem.\ls 

ONE  OF  THE  most  interesting  questions  in  the  pulp  in- 
fdusto'  to-day  is  the  future  source  of  its  raw  materials. 
*  The  forests  are  rapidly  disappearing  and  only  a  few  of 
the  more  enterprising  mills  are  taking  any  precautionary 
measures  with  regard  to  reforestation.  It  is  true  that  paper 
can  be  made  from  practically  any  fibrous 
material  known,  but  it  is  also  true  that,  in 
the  majority  of  such  raw  materials,  tlie 
process  is  far  from  being  satisfactory,  as 
far  as  the  yield  of  pulp  is  concerned.  It 
is  not  possible,  in  the  United  States  at 
least,  to  prepare  pulp  from  annual  plants 
and  similar  materials,  under  conditions  that 
make  the  process  economically  feasible. 

The  most  promising  raw  materials,  other 
than  wood,  thus  far  studied  are  bamboo 
and  cotton  linters.  The  early  difficulties 
encountered  in  the  treatment  of  bamboo 
have  now  been  overcome  and  one  or  two 
methods  are  known  to  be  quite  successful. 

India  appears  to  offer  an  ine-vhaustible 
supply,  .\ccording  to  Raitt,  India,  with 
its  supply  of  bamboo,  and  the  Savannah 
grasses,  can  jiroducc  pulp  for  the  whole 
world.  Raitt  further  estimates  that  the 
cost  of  production  of  baniboopulp  would  not  c.  j 

exceed  half  that  of  the  manufacture  of  wood 
pulp.  Many  years  ago  the  Department  of  Agriculture  tried 
to  culti\ate  bamboo  in  the  southern  states,  but  their  experi- 
ments were  not  very  successful.  It  still  remains  to  detcrniiiie 
whether  bamboo  can  be  grown  in  this  country.  If  so,  this 
would  offer  one  solution  of  tlie  problem  of  raw  materials. 

Cotton  lintcr  pulp  has  attracted  much  attention  since  the 
war.  The  great  demand  for  cotton  during  the  war  [leriod 
made  it  neces.sary  that  tiie  cotton  attached  to  the  seed  after 
the  usual  ginning  process  (about  200  lbs.  to  the  ton  of  seed) 
be  removed  as  far  as  jwssiblc.  At  the  conclusion  of  the  war 
the  demand  for  this  material  ilrop|X>(l  practically  to  zero,  and 
successful  efforts  were  made  to  con\ert  this  into  pulp  for  paper. 
The  manufacturers  claim  that  this  pulp  may  be  used  to  ad- 
vantage in  place  of  old  rags,  and  also  in  certain  proportions  in 
place  of  new  rags.  Because  it  is  a  new  cotton  fiber  which  has 
not  been  worked  or  processed,  it  gives  somewhat  greater 
bulk  to  pniier  for  the  same  unit  of  weight.  There  is,  natu- 
rally, still  some  question  in  the  minds  of  certain  paper  manu- 
facturers as  to  how  far  this  pulp  will  be  successful,  but  it  is 
felt  that  it  can  be  mixed  with  oilier  pulps  even  if  it  cannot  be 
u.sed  alone. 

Papyrus  has  been  proved  as  a  paper-making  material  but 
tlie  source  of  supply  (Zululand  and  the  Sudan,  as  well  as 
other  part.s  of  .\frica)  would  .seem  to  make  it  unimportant  as 
a  raw  iiliIi  i     1  fur  .\iii(riraii  manufacturers. 

Proci'>-<'s  , ..iM'  1  ■  ( II  (|c'vclnfK>d  for  utilizing  the  Jack  pine, 
which  will  make  ;i\:iil;ible  large  tracts  of  this  hitherto  little- 
used  species.  N'cn,'  interesting  developments  are  reported 
along  the  line  of  the  use  of  .southern  pine  waste.  Some  of 
the  claims  of  the  promoters  are  questioned  and  only  large- 
scale  operations  can  settle  the  question. 


Improvements  in  Processes 

Rue  has  raised  the  question  why  a  greater  yield  of  pulp 
should  not  be  obtained  in  the  chemical  processes.  Fifty-five 
to  60  per  cent  of  wood  is  true  cellulose,  yet  less  than  45 
per  cent  of  the  wood  is  obtained  as  higli-grade  pulp;  this  rep- 
resents a  loss  of  about  25  per  cent.  Tlie  solution  of  the  prob- 
lem will  necessitate  a  fundamental  re- 
search into  the  \arious  processes  of  pulpi- 
ing  wood.  The  further  need  of  economical 
utihzation  of  other  woods  than  spruce, 
hemlock,  and  balsam  fir  is  also  a  pressing 
problem. 

The  Forest  Products  Laboratory  has 
suggested  that  one  solution  of  these  prob- 
lems may  be  obtained  through  a  prelimi- 
narj'  impregnation  of  the  wood  before 
digestion.  The  initial  results  indicate  an 
appreciably  shorter  cooking  time  at  lower 
temperatures.  It  is  probable  that  the 
method  ^viU  require  a  change  in  the  usual 
acid  composition  to  take  care  of  the  in- 
creased speed  of  the  chemical  reaction. 
The  results  will  be  increased  yield,  de- 
creased screenings,  and  stronger  pulp.  An- 
other inno\ation  in  digesting  practice 
consists  in  fractional  digestion,  introduced 
West  by  Aitken  in  the  cooking  of  esparto.    He 

proposes  to  remove  members  of  the  starch 
and  pcctose  groups  in  the  first  treatment,  using  a  1.5  per  cent 
sodium  hydroxide  solution,  and  then  remove  the  ligneous  ma- 
terial by  a  more  drastic  treatment  with  14  per  cent  alkali. 
This  method  gives  a  cleaner  and  more  easily  washed  stock, 
greater  economy  of  bleach  and  reduction  in  costs  of  recovery. 
No  mention  has  been  made  of  comparative  yields. 

The  process  of  rag  boiling  has  been  studied  by  Grimm.  It 
i.'^  stated  that  the  mechanical  treatment  to  which  the  stock 
is  subjected  in  the  wiisher  and  in  the  hoUander  modifies  the 
chemical  constituents  of  the  fibers  very  considerably.  His 
conclusion  is  that  the  present  proportion  of  chemicals  and 
rags  is  correct.  This  is  the  first  time  the  commercial  prac- 
tice has  been  checked  by  scientific  studies  in  the  laboratory. 
The  possibility  of  using  decayed  pulp  wood  has  been  stud- 
ied by  Rates  and  by  Sutermeister.  Bates  concludes  that  in- 
fected wood  may  be  used  for  sulfite  pulp  production  if  decay 
is  limited  to  discoloration,  and  bcheves  that  chipper  dust 
jiulp  might  be  satisfactorily  blended  with  ordinary  sulfite 
l)ulp  and  so  utilized.  Sutermeister  has  found  that  by  using 
wood  iicrmeatcd  with  threads  of  dry  rot  but  still  quite  hard 
.■ind  firm,  the  yield  was  considerablj'  lower,  the  fiber  weaker  and 
jiractically  unbleachablc.  Stained  wood  had  little  effect 
upon  any  quality  other  than  that  of  bleaching.  Bleach 
consumption  in  the  case  of  stained  pulp  was  about  15  per 
cent  as  compared  with  10  per  cent  for  an  ordinary  pulp. 

Analytical  Methods 

Methods  of  control  in  the  pulp  mill  continue  to  be  a  sub- 
ject of  investigation.  Various  analytical  methods  for  sulfite 
liquors  have  been  proposed  and  reviewed.  While  the  analy- 
sis of  the  raw  acid  seems  to  be  a  comparatively  simple  one, 
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the  analysis  of  the  hquor  produced  during  the  digestion  of 
the  wood  is  complicated  by  tiie  presence  of  the  decomposi- 
tion products  from  tlie  ligneous  jwrtions  of  the  wood,  and  the 
analysis  of  the  sulfite  waste  liquor  seems  an  almost  hopeless 
task. 

.\nother  interesting  field  of  research  is  in  methods  of  differ- 
entiating the  various  pulps,  sulfite,  sulfate,  soda,  and  mechan- 
ical. The  whole  procedure,  from  the  preparation  of  standard 
samples  of  known  pulps  to  the  actual  determination  of  the 
composition  of  unknown  mixtures,  is  in  need  of  standardiza- 
tion. Various  stains  have  been  proposed  for  this  purpose 
but  it  seems  a  difficult  matter  to  obtain  a  sufficiently  marked 
differential  staining  of  some  of  the  pulps  to  enable  even  an  ap- 
proximately accurate  determination.  Lofton  and  Merritt 
have  recently  proposed  the  use  of  Malachite  Green  and  Basic 
Fuchsin  for  determining  the  amounts  of  unbleached  sulfite 
and  sulfate  pulps  in  a  mixture  of  the  two.  Tlie  sulfate  fibers 
are  stained  a  blue  or  blue-green  while  the  sulfite  fibers 
assume  a  purple  or  pink  color. 

The  need  of  standard  methods  is  thorougUy  recognized  by 
the  Technical  Association  of  the  Pulp  and  Paper  Industry, 
which  has  a  committee  actively  engaged  in  the  preparation 
of  a  set  of  methods  which  it  is  hoped  will  prove  so  satisfactory 
that  they  will  be  adopted  by  the  whole  industry. 

Beating 

The  most  important  questions  in  the  beating  of  paper  pulp 
are  methods  of  accelerating  the  process,  thereby  decreasing 
the  cost  and  methods  for  the  control  of  the  process.  It  is  be- 
lieved that  a  possible  improvement  in  the  manner  of  beating 
consists  in  the  use  of  higher  concentrations  of  stock  moving 
through  the  beater  at  a  higher  rate  of  speed.  This  sug- 
gests that  it  is  not  the  length  of  time  which  the  stock  is  in 
contact  with  the  water  in  the  beater  but  the  total  distance  that 
the  stock  travels  that  determines  the  degree  of  beating.  The 
question  of  chemical  hydration  of  pulp  has  been  discussed  by 
McKay.  He  claims  that  the  process  introduced  by  Meigs, 
Bassett  and  Slaughter  ^nll  give  an  increase  in  strength  of  the 
finished  sheet  witli  no  reduction  in  the  paper-making  qualities 
of  the  pulp,  a  decrease  in  beating  time  and  a  reduction  in 
caustic,  time  of  digestion,  amount  of  bleach,  and  time  required 
for  bleaching  with  every  grade  of  stock.  One  of  the  most 
interesting  parts  of  McKay's  contribution  is  the  fact  that  he 
has  introduced  the  copper  number  and  viscosity  as  means  of 
controlling  the  degree  of  beating.  Much  more  work  is  neces- 
sary before  it  can  be  said  that  these  methods  will  or  will  not 
answer  the  problem  of  control.  It  does  seem  to  be  certain 
that  the  so-called  slowness  test  does  not. 

Bleaching 

The  bleaching  of  paper  pulp,  in  the  case  of  rags,  may  be 
readily  carried  out  by  the  use  of  liquid  chlorine.  In  this 
process  no  special  equipment  is  necessary,  for  the  liquid 
chlorine  may  be  injected  directly  into  the  beater  or  washer 
where  the  bleaching  is  done.  This  avoids  the  handling  of 
bleach  drums  and  solutions  and  tends  to  cleanliness  in  the 
mJU.  The  only  danger  is  from  the  fumes  of  chlorine  gas,  and 
with  properly  designed  control  apparatus  this  should  be 
very  slight.  The  use  of  liquid  clilorine  is,  it  is  believed, 
gradually  displacing  the  electrolytic  bleach  in  many  paper 
mUls.  Because  of  the  higher  concentrations  necessarj',  it  is 
not  possible  to  use  liquid  chlorine  with  chemical  pulp  as  in  the 
case  of  rags.  It  is  first  transformed  into  calcium  hiTJOchlorite 
solution,  which  solution  is  claimed  to  have  quite  different 
physical  properties  from  that  prepared  from  drj'  bleaching 
powder.  Much  of  the  succes*  of  this  apphcation  depends 
upon  the  apparatus  developed  by  the  Wallace  and  Tieman 
Company  for  controlling  liquid  chlorine.  This  makes  pos- 
sible the  production  of  an  absolutely  uniform  liquor.    This 


liquor  has  a  lower  alkalinity  than  that  prepared  from  bleach- 
ing powder  which,  under  some  conditions  at  least,  is  an  ad- 
vantage. 

Wolff  has  proposed  a  new  form  of  bleaching  tub  which  per- 
mits the  circulation  of  pulp  concentrations  of  10  to  15  per 
cent;  naturally  this  gives  a  greater  efficiency  of  operation. 
An  important  advantage  is  the  saving  of  steam  in  bleaching 
at  lower  temperatures,  while  there  is  also  less  loss  of  fiber  and 
cleaner  pulp. 

Wells  has  studied  the  bleaching  of  soda  and  sulfate  pulps, 
prepared  from  coniferous  woods,  by  the  action  of  bleaching 
powder  solutions.  He  finds  that  the  alkali-solubility  of  the 
pulps  mcreases  with  the  strength  of  bleaching  liquor  employed 
and  that  considerable  degradation  of  the  cellulose  takes  place 
before  the  color  is  removed,  indicating  the  unsatisfactory 
nature  of  this  type  of  bleach.  He  obtains  slightly  more 
satisfactory  results  with  regard  to  color  removal  by 
carrying  out  the  bleach  treatment  in  two  stages  with  an 
intermediate  washing.  The  pentosan  contents  of  the 
pulps  were  found  to  be  unaffected  by  bleaching,  but  on 
the  other  hand  their  methoxyl  contents  were  reduced  by  the 
treatment. 

SlZI.\G 

Little  advance  has  been  made  in  the  study  of  sizing  ma- 
terials. The  most  important  study  is  that  of  Blasweiler  on 
the  use  of  water  glass  (sodium  silicate).  He  made  a  large 
number  of  tests  with  water  glass  alone  and  in  combination  with 
soaps,  fats,  animal  size,  starch,  casein,  etc.  He  draws  the 
following  conclusions,  which  may  or  may  not  be  warranted: 
good  suction  on  the  paper  machines;  no  sticking  at  the  press 
rolls;  rapid  and  complete  setting  of  the  suspended  matter  in 
backwater ;  greater  strength  and  better  rattle  to  the  paper  with 
a  higher  retention  of  clay  or  loadings;  good  color  and  dyeing 
results.  \'ail  has  also  discussed,  in  various  trade  journals, 
the  uses  of  water  glass  in  the  paper  industrj'. 

One  of  the  interesting  questions  of  the  present  day  is  the 
difference  between  gum  and  wood  rosin  in  the  sizing  of  paper, 
and  especiaDy  in  the  color  imparted  by  the  latter.  That 
there  is  a  difference  even  the  manufacturers  of  wood  rosin 
admit.  We  have  still  to  discover  the  reason  and  to  remedy 
it,  if  possible. 

Another  question  that  is  engaging  the  attention  of  some  of 
the  technical  men  of  the  industry  is  that  of  the  real  meaning  of 
sizing  quaUty  of  paper  and  a  method  of  measuring  it  in  terms 
of  a  definite,  absolute  unit.  There  are  many  tests  for  sizing 
quality.  Recently  the  Valley  Size  Tester  has  appeared. 
This  machine  claims  to  give  an  accurate  unit  for  sizing  and 
to  enable  the  manufacturer  to  keep  his  sizing  constant  during 
a  nm  and  from  run  to  run.  The  test,  however,  is  a  relativ'e  one, 
and  does  not  give  us  a  fundamental  unit  for  sizing  quality. 
Such  a  unit  is  really  necessary  before  a  careful  study  of  the 
factors  influencing  the  sizing  quaUtj'  of  paper  can  be  made. 
The  Paper  Section  of  the  Bureau  of  Standards  is  studjdng  the 
general  question  of  the  testing  of  the  sizing  and  it  is  hoped 
that  they  may  be  able  to  solve  the  problems  involved. 

Much  interest  has  been  aroused  in  the  announcement  of 
the  EngHshman,  Kaye,  that  the  application  of  rubber  latex 
to  paper-making  appears  to  improve  the  texture  and  the 
strength  of  the  paper  so  treated.  The  paper  possesses  the 
property  of  folding  without  serious  permanent  cracking  along 
the  line  of  fold.  It  is  also  claimed  to  be  more  water-repellent 
than  pajjer  not  treated  with  rubber.  Many  other  claims  are 
made,  based  in  part  on  commercial  tests.  If  these  results 
are  substantiated  by  other  mills,  it  would  seem  that  this  was 
an  important  contribution  to  the  industrj\ 

The  Flintkote  Company  has  reported  a  process  for  the 
emulsification  of  asphalt  by  means  of  a  highly  colloidal  clay, 
so  that  it  may  be  introduced  into  the  paper-making  process 
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in  the  lieaters  or  at  the  paper  uiachine.  By  the  use  of  tliis 
agout  it  is  po.«sible  to  produce  either  waterproof  or  moisture- 
prix)f  Ijoards  of  various  stiffness  or  pliability.  The  results 
with  this  method  give  a  higher  degree  of  resistance  to  water 
than  re.sults  when  raw  paper  or  felt  is  saturated  in  a  bath  of 
hot  asphalt,  in  accordance  with  the  usual  practice  obtaining  in 
a  saturating  plant. 


This  brief  re^ew  indicates  that  the  pulp  and  paper  industry 
is  not  without  its  own  problems.  Many  others  purely  mechan- 
ical and  ha%'ing  no  place  here,  also  confront  it.    The  de- 


pression of  the  past  two  years  has  made  progress  in  the  solu- 
tion of  these  problems  almost  impossible.  It  is  anticipated, 
howe\'er,  that  the  coming  years  will  see  the  proper  recog- 
nition of  the  place  of  the  technical  man  in  the  industry  and 
that  many  changes,  some  of  them  almost  revolutionary  in 
character,  will  be  made,  which  will  increase  the  efficiency  of 
the  various  processes,  conserve  our  raw  materials,  and  give 
us  an  improved  product.  Not  the  least  of  these  advances, 
we  hope,  will  be  the  adoption  of  the  standardization  pro- 
gram now  being  developed  through  the  cooperation  of  the 
manufacturers  of  paper  with  the  Paper  Section  of  the  Bureau 
of  Standards. 


Hardwood  Distillation 

By  Harry  C.  Merriara 
Cbsuicai.  E.ncinsbk,  E.  B.  Badgbk  &  Sons  Co.,  Boston,  Mass. 


Tim:  ll.vr^UWOOli  distillation  indus- 
try is  carried  on  in  the  United 
States  by  80  different  concerns, 
operating  93  plants,  with  a  total  daily 
capacity  of  5530  cords,  GOO  of  which  are  in 
by-product  recovery  kilns  and  4930  cords 
in  ovens  and  retorts. 

During  the  last  ten  years  great  progress 
has  been  made  in  the  methods  employed 
in  the  wood  distillation  industry,  and  it  is 
the  object  of  this  paper  to  touch  u])on 
the  most  important. 

Ovens  have  practically  replaced  smaller 
retort  types  antl  the  tendency  of  the  mod- 
ern plant  is  toward  largo  units.  The  larg- 
est oven  plant  operates  twenty-two  10- 
cord  ovens,  with  a  total  capacity  of  220 
cords,  which  can  be  increased  to  practi- 
cally 294  cords  per  day  on  a  carbonization 
l)cri<xl  of  18  hours. 

The  larger  plants  are  used  in  conjunc-  ji.  c. 

tion  with  charcoal  pig-iron  bhist  furnaces 
and  it  is  on  this  account  that  such  large  units  arc  desirable. 
Most  of  these  plants  are  situated  in  Michigan,  although 
during  the  war  four  were  built  in  the  south. 

The  obtaining  of  sulHcicnt  quantities  of  cord  wood  has 
always  been  <iui:  of  the  vital  problems  of  the  wood  distil- 
lation plant.  During  the  recent  war,  with  the  .scarcity  of 
lalwr,  this  factor  wivs  ven,'  pronounced,  and  made  most 
niainifacturers  abandon  the  cutting  of  cord  wood  in  the 
w(Kxls  and  ship  the  logs  direct  to  the  plant,  where  they  were 
handled  in  a  sawmill.  Some  of  the  original  sawmills  were 
cumljcrsome  and  costly,  but  modifications  and  improvements 
have  V)pen  carried  out  so  that  to-day  the  wood  mill  of  a  modern 
wood  distillation  i)lant  will  supply  at  reasonable  cost  wood 
."uitable  for  distillation  pur|X)ses.  It  has,  moreover,  been 
founil  fairly  easy  to  procure  log-wood  ^utters  when  previously 
ciird-wo<Kl  cutters  could  not  be  obtained. 

The  green  logs  are  brought  directly  to  the  wood  distil- 
lation plant,  put  through  tlie  wood  mill,  cut  into  approxi- 
mately 49-111.  lengths,  and  split  with  band  or  circular 
MW8  to  the  required  size.  These  pieces,  of  the  same  general 
character  as  ordin!iry  conl  wood,  are  then  pa&MKl  through 
block  mills  nnd  cut  to  12-iu.  lengths.    At  this  point  any 


These  blocks,  freed  of  sawdust,  are  eleva- 
ted to  bins  and  from  there  dumped  by 
gravity  into  the  retort  cars,  the  sides  of 
which  are  carried  to  the  top.  The  cars  are 
then  run  into  the  prcdriers,  which  are  of 
ordinary  tunnel  construction,  either  of 
reinforced  concrete  or  brick,  through  which 
the  waste  stack  gases  from  the  ovens  are 
circulated  countercurrent  to  the  wood  and 
in  direct  contact  with  it.  The  driers  vary 
in  size,  allowing  from  one  to  three  carbon- 
izing periods  for  drying.  The  two-period 
diving  is  now  considered  good  practice. 

Savings  effected  by  this  system  include: 
decreased  labor  due  to  the  meclianical 
handling  of  the  wood;  interest  on  the  in- 
vestment in  cord  wood  in  the  drying 
yards;  insurance,  taxes,  etc.;  decrease  in 
fuel  consumi)tion,  with  the  advantage  of 
uniformity  in  the  character  of  wood  en- 
tering the  ovens  under  all  weather  con- 
ditions; an  increase  in  the  output  of  the 
plant  liy  shortening  the  carbonization  period;  and  the  elimi- 
nation of  brands  from  the  charcoal. 

The  application  of  strict  temperature  control  to  the  ovens 
has  been  recognized  as  of  great  importance,  and  the  installa- 
tion of  recording  pjTometers  for  accurate  control  has  resulted. 
Tliis  control  not  only  staliilizes  the  yields  of  by-products  and 
increases  them  in  many  plants,  but  pr(>vents  the  overheating 
of  the  ovens,  therelty  eliminating  in  large  measure  the  re- 
l)Iacement  of  luirncd  bottoms  and  costly  repairs  to  the  oven 
settings.  It  also  assures  the  turning  of  the  ovens  in  the  proper 
cycle  of  time,  this  being  a  most  important  factor  where  the 
charcoal  is  used  directl}'  in  a  blast  furnace  requiring  a  con- 
stant supply. 

The  importance  of  large  scrubbers  for  the  efficient  scrub- 
bing of  the  retort  and  kiln  gases  previous  to  burning  of  the 
.same  lias  finally  been  recognized,  and  scrubbers  of  adequate 
size  are  now  a  standard  installation  in  many  plants. 

In  retort  practice  it  has  been  found  that  approximately 
i  gal,  of  b;2  per  cent  of  alcohol  per  cord  of  wood  can  be  re- 
covered, and  in  the  case  of  kilns  where  a  much  larger  volume 
of  gas  has  to  be  handled,  due  to  air  leakage,  etc.,  around  the 
kiln,  an  increa.se  in  yield  of  from  2  to  3  gal.  per  cord  has  been 


cord  wood  available  is  intrwluced  and  also  cut  to  blocks,      reported.     In  fact,  "one  kiln  ])lan"t  by  efficient  scrubbing  has 
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obtiiiiu'd  :iii  iilcohol  yield  very  dose  to  that  of  the  ordinary 
oven  phint. 

The  distilhition  of  hardwood  chips,  sawdust,  etc.,  has 
occasioned  considerable  research  work  to  develop  a  success- 
ful conunorciul  process.  The  dilficulties  encountered,  such 
as  in  the  drying  of  this  waste,  because  of  its  own  insulatini;; 
qualities,  the  control  durinfi  exiitlu  iniic  reaction,  charcoal 
dust  durins  decomposition,  the  stabilizing  of  the  fine  char- 
coal so  that  it  -will  not  ignite  spontaneously,  and  the  final 
briquetting  of  the  charcoal,  have  all  been  trying  problems. 

A  number  of  patents  have  been  taken  out  in  conjiniction 
with  this  work.  Three  ])lants  have  been  built  on  a  com- 
mercial scale  carrying  out  the  various  ideas,  but  only  one  of 
tliese  plants,  using  the  Stafford  process,  has  proved  a  success. 

The  principle  of  this  process  makes  use  of  the  hitherto 
known,  but  not  commercially  utilized,  heat  of  exothermic 
reaction  of  cellulose  when  at  the  carbonizing  temperature. 
By  predrying  and  preheating  the  matcri.il,  and  introducing 
it  into  a  retort  in  which  material  already  undergoing  car- 
bonization is  present,  the  exothermic  heat  is  sufficient  under 
properlj-  maintained  conditions  to  bring  the  additional 
material  up  to  the  carbonizing  point,  when  this  material  in 
turn  will  be  carbonized  and  liberate  heat,  which  will  serve 
to  bring  further  material  to  the  carbonizing  temperature. 
The  StatTord  process  requires  no  heating  of  the  retort; 
in  fact,  the  retort  is  thoroughly  lagged  to  prevent  escape 
of  lieat.  The  material  is  previously  dried  in  contact  with  the 
air,  and  is  introduced  continuously  into  the  n^tort  from 
which  the  charcoal  is  also  continuously  removed. 

The  continuous  distillation  of  hardwood  waste  produces 
the  same  yields  in  methanol  and  charcoal  and  about  50  per 
cent  more  in  acetic  acid  than  the  jields  from  ovens  utilizing 
cord  wood  of  similar  species. 

The  drying  of  the  wood  to  a  1  per  cent  or  2  per  cent  mois- 
ture content  is  carried  out  in  large  rotary  driers  in  direct 
contact  AA'ith  the  hot  flue  gases,  and  efficient  drying  of  the 
wood  is  thus  accomplished.  The  pyroligneous  acid  obtained 
from  tliis  dried  wood  is  therefore  in  a  concentrated  form  and 
subsequent  treatment  in  the  stillhouse  is  accomplished  with 
a  minimum  of  evaporation  and  distillation. 

The  advantages  of  the  mechanical  handling  of  all  products, 
low  fuel  consumption,  large  capacity  for  small  units  operated 
continuously,  liigher  yields,  etc.,  make  it  possible  to  even 
hog  cord  wood  and  handle  in  a  conuiierciallj'  successful 
manner.  All  these  advantages  point  toward  the  develop- 
ment of  this  process  and  a  gradual  substitution  for  present 
practice. 

Stillhouse  operations  have  undergone  many  changes,  and 
to-day  the  continuous  treatment  of  the  pyroligneous  acid  and 
other  liquors  is  universally  employed  in  the  more  modern 
plants,  as  against  the  discontinuous  method  in  the  smaller 
and  older  type  plants. 

The  use  of  multiple-effect  evaporators  has  proved  a  great 
economy  factor.  Early  designs  of  multiple-effect  evapo- 
rators did  not  take  into  consideration  the  fact  that  when 
pjToligneons  acid  is  distilled  under  multiple-effect  conditions 
the  vapor  on  condensing  deposits  carbon  on  the  surface  of 
the  tubes  of  the  next  eiiect,  cutting  down  materially  the 
transmission  of  heat  and  necessitating  the  dismantling  of  the 
tube  bundles  for  the  removal  of  the  carbon.  Tliis  fouling 
of  the  surface  varies  with  diflEerent  woods  and  is  more  pro- 
nounced in  the  case  of  southern  hardwoods. 

The  use  of  triple  effects  in  the  evaporation  of  acetate 
of  lime  is  a  success  and  gives  no  particular  operating  diffi- 
culties. It  is  the  consensus  of  opinion  among  operators  who 
have  used  triple  effects  that  double-effect  economy  in  a  com- 
bination evaporator  is  all  that  is  desirable  in  this  industry, 
because  of  the  operating  difficulties  before  mentioned.  In 
the  latest  designs  the  pyroligneous  acid  is  evaporated  in  one 


effect  and  the  acetate  of  lime  in  tlie  other.  With  proper 
design  this  combination  gives  accessibility  to  the  tube  surfaces 
and  permits  of  the  ea.sy  removal  of  the  carbon  coating  with- 
out dismantling.  Such  a  double  effect  gives  an  easily  con- 
trolled unit  for  continuous  operation. 

In  the  i)roduction  oS  acetate  of  lime  the  conversion  of 
the  concentrated  acetate  liquor  from  the  evaporators  to  the 
nuish  state  by  means  of  steanj-heatcd  rotating  rolls,  and  the 
final  drying  of  the  acetate  on  screen  belt  driers  traveling 
in  hot  waste  flue  gases,  have  solved  the  question  of  low-cost 
production  of  acetate  in  modern  plants  and  eliminated  the 
troublesome  labor  problem  so  often  encountere<l  in  acetate 
drying.  The  eliminati(jn  of  the  old  acetate  pans,  which  are 
notorious  steam  eaters,  has  been  a  welcome  change. 

A  recent  innovation  utilizes  the  acid  vapors  from  the 
primary  stills  as  a  source  of  heat  in  the  second  effect,  operating 
under  a  vacuum  for  the  evaporation  of  acetate  of  lime  liquor, 
the  ])rimary  stills  being  operated  under  atmosjjheric  con- 
ditions and  the  vapors  condensed  in  separate  tube  chambers 
in  the  second  effect.  This  keeps  the  distillate  from  each 
primary  still  separate  and  a  visual  control  of  each  still  is 
possible.  This  scheme  will  undoubtedly  result  in  a  coasider- 
able  saving  in  steam,  and,  if  adopted  by  old  plants  having 
primary  stills,  will  give  double-effect  economy. 

The  application  of  continuous  stills  for  the  production  of 
high-grade  crude  methanol  of  around  92  to  9.5  per  cent 
(Tralles)  direct  from  the  neutralized  liquor  has  become  the 
standard  practice.  Where  there  is  an  excess  of  exhaust  steam 
available,  kettles  have  been  eliminated,  the  steam  being  in- 
troduced directly  into  the  base  of  the  continuous  still.  This 
has  considerably  simjilified  the  apparatus. 

The  gi'ade  of  crude  alcohol  i)roduced  in  a  plant  of  this  type 
is  not  to  be  confused  with  tiie  crude  82  per  cent  produced 
in  old  plants  using  older  methods. 

The  use  of  low  pressure  steam  in  the  stillhouse  has  been 
so  perfected  that  two  plants  are  now  operating  all  of  their 
apparatus,  both  evaporating  and  distilling,  on  5-lb.  pressure 
exhaust  .steam. 

The  successful  production  of  glacial  acetic  acid  from  car- 
bide has  been  a  serious  blow  to  the  wood  distiller,  and  in  his 
search  for  some  way  to  meet  this  menace  the  production  of 
glacial  acetic  acid  direct  from  pwoligneous  acid  lias  been 
attempted.  It  is  the  '\\Titer's  understanding  that  this  has 
been  successfully  demonstrated  on  a  semicommercial  scale. 
This  being  so,  it  wiU  give  the  distiller  a  new  lease  of  life 
by  again  making  his  acetic  acid  a  source  of  income,  whereas 
at  present  it  is  a  problem  to  dispose  of  it,  at  a  profit. 

In  the  past  the  refining  of  crude  82  per  cent  methanol 
has  been  carried  out  in  central  refineries,  because  of  the 
difficulties  encountered  and  the  tjTDC  of  apparatus  necessary. 
With  the  advent  of  the  modern  four-column  continuous  re- 
fining still,  conditions  have  changed  and  the  crude  alcohol 
producer  is  enabled  to  instal  his  own  refining  unit  and 
manufacture  direct  the  highest  grade  of  refined  methanol. 
The  increasing  demand  for  pure  methanol  in  the  dye  industry, 
and  particularly  in  the  manufacture  of  formaldehyde,  has 
caused  this  type  of  app.aratus  to  come  into  its  own.  Chemi- 
cal treatment  was  necessary  under  the  old  system  to  sepa- 
rate the  alcohol  from  last  traces  of  methyl  acetone,  but  with. 
the  new  type  of  continuous  still  this  is  done  by  fractionation 
in  the  distillation  process  and  pure  methanol  with  a  ^lessinger 
test  of  less  than  ',20  of  1  per  cent  acetone  is  produced  direct 
from  the  cmde  82  per  cent.  There  is,  too,  a  simultaneous 
production  of  liigh-grade  methyl  acetone,  together  with  a 
small  amount  of  oils  and  allyl  alcohol.  The  production 
of  pure  methanol  has  enabled  many  of  the  smaller  plants 
to  instal  their  own  formaldehyde  apparatus  and  by  this 
means  place  their  alcohol  on  the  market  converted  to  its 
highest  value. 
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The  manuf.icturers  of  crude  alcohol  had  heretofore  only 
one  outlet  for  their  alcohol,  namely,  the  sale  of  the  crude  to 
the  refiner.  With  the  modem  refincrj',  he  has  his  choice  of 
a  number  of  markets.  In  the  modern  refinery,  with  its 
steam  regulators,  extension  stem-recording  thermometers, 
recording  pressure  gages,  and  other  accessor^'  equipment, 
one  operator  can  care  for  a  number  of  stills  with  more  per- 
fect cr)ntrol  than  was  ever  possible  under  the  old  hand- 
controlled  systems.  Furthermore,  strict  chemical  control 
is  pos.-iblc  at  all  times,  and  such  control  is  essential  because 
of  tiie  chemical  specifications  that  have  replaced  the  old 
tests,  such  as  odor,  color,  specific  gravity,  etc. 

The  production  of  pure  acetone  by  the  destructive  dis- 
tillation of  acetate  of  lime  was  worked  up  to  a  high  degree 
of  efficiency  during  the  war,  because  of  the  enormous  demand 
for  this  product  in  the  manufacture  of  cordite  for  the  British 
government,  and  once  again  the  continuous  distillation  of 
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the  crude  acetone  into  the  finished  product  showed  the  eflS- 
ciency  and  low  cost  of  tliis  method  of  refining. 

In  order  to  meet  the  recent  more  stringent  requirements 
for  various  grades  of  acetone  oils,  vacuum  distillation  has  been 
employed,  making  possible  closer  cuts  through  the  use  <5f 
fractionating  columns,  with  the  resultant  sa\'ing  in  steam. 

Tlic  distillation  of  creosote  oils  and  wood  tars  has  been 
stimulated  by  the  great  demand  for  these  oils  in  the  flotation 
industry,  and  this  demand  will  undoubtedlj'  increase  as  the 
flotation  process  grows  in  favor.  There  seems  to  be  a  prefer- 
ence for  hardwood  oils  on  the  part  of  flotation  engineers. 

The  future  of  many  wood  distillers,  following  the  decline  in 
prices  of  by-products,  is  problematical,  and  undoubtedly  only 
those  plants  equipped  for  low-cost  operation  will  survive.  The 
smaller  plants  of,  say,  under  50  cords  daily  capacity,  will  be 
handicapped  when  compared  with  the  larger  plants  and  these 
smaller  plants  may  find  it  necessary  to  consolidate  to  carrj''  on. 


The  Ferro-Alloy  Industry 

By  B.  D.  Saklatwalla 
Gknkral  Supbrintbndbnt,  Vanadium  Corpokation  op  America.  Bridgevii.i.e,   Pa. 


Tm:  FERRO-ALLOY  industry  has 
come  to  the  front  within  the  last 
few  years,  its  importance  being 
rocognizetl  during  the  strenuous  times  of 
the  \\'orld  War.  Advancement  in  steel 
metallurgy  has  been  probably  the  greatest 
factor  toward  the  rapid  strides  of  our  civi- 
lization within  the  last  decade  or  two, 
and  when  we  scan  the  field  of  improve- 
ments in  the  mechanical,  electrical,  and 
transportation  industries  for  the  imr- 
poses  of  peace  or  war,  we  cannot  hel]) 
hut  feel  that  all  such  strides  have  been 
due  to  the  develo|)nients  of  newer  and  bet- 
ter types  of  steel,  iinxluocd  by  the  metal- 
lurgist of  the  present  day.  While  this  fact 
isobviou.sly  apparent,  it  is  not  generally  rec- 
ngnizfvl  that  these  developments  have  been 
dependent  <in  the  ferro-alloy  industrj'. 

The  functimi  of  ferro-alloys  in  the 
manufacture  of  steel  has  been  twofold. 
(Certain  alloys  have  been  used  for  the 
purpose  of  deoxidizing  and  clean.sing, 
whereas  others  have  been  u.scd  to  impart  to  the  steel  cer- 
tain nece,s.snr\'  and  desirable  physical  properties,  the  alloying 
element  forming  an  integral  constituent  of  the  steel. 

The  most  commonly  used  ferro-alloys,  ferro-silieon  and 
ferro-manganese,  function  as  deo.vidizors  in  the  ordinary 
course  of  ste<l-making.  They  play  a  double  role,  however, 
in  the  case  of  high  silicon  and  high  manganese  steels,  where 
thr-.H.'  elements  are  allowf-d  to  remain  in  the  stwl  in  appreci- 
able parentages,  in  order  to  obtain  certain  requisite  prop- 
OTticx.  The  electric  furnace  luas  practically  replaced  the  blast 
furnace  or  the  cmcible  method  of  iiroduction.  There  also 
npfK-ars  to  be  a  tendency  to  develop  mixtures  of  silicon  and 
mangane  •  in  the  siinie  alloy,  whereby  .-everal  advantages  have 
lieon  clairi,  •(!  Si  v.r:il  (-(.nipositions  of  these  two  elements, 
together  witli  aluiiiiiiiiiin  and  titaniiun,  have  been  recom- 
mendefl  for  t  he  puri^se  of  deoxidation.  The  use  of  such  deoxi- 
dizors  nppoai-s  to  have  gained  favor  in  continental  Europe, 
but  does  not  seem  to  have  been  taken  up  in  American  practice. 


As  a  less  conunonly  used  deoxidizcr 
may  be  mentioned  ferro-titanium.  This 
alloy  is  manufactuivd  in  tlie  electric  fur- 
nace and  also  Ijy  the  alumino-thermic 
process,  according  as  a  carbon-containing 
or  a  carbon-fn^e  alloy  is  desired.  As  to 
the  superiority  of  the  one  or  the  other 
grade  there  is  yet  considerable  controversy 
between  the  different  users  and  makers. 

The  main  metallurgical  develojiments 
in  the  manufacture  of  ferro-alloys  within 
the  last  couple  of  years  have  been  in 
connection  with  those  alloj's  that  form 
true  alloy  steels  and  persist  as  a  constit- 
uent of  the  finished  metal,  .\mong  such 
alloys  may  be  mentioned:  ferro-chrome, 
fcrro-tungsten,  ferro-vanadium,  and  ferro- 
molyl)denum.  The  greatest  and  most  re- 
cent phase  in  the  development  of  these 
alloys  is  the  application  of  the  electric 
furnace  to  their  production,  and  the  work- 
ing out  of  the  chemical  reactions  in  the 
electric  furnace,  wiicreby  an  alloy  of  suit- 
alile  purity  and  carbon  content  can  be  directly  manufac- 
tured from  the  natural  raw  ores. 

At  the  beginning  of  the  ferro-alloy  industry,  the  electric 
furnace  was  in  its  infancy,  and  consequently  the  field  was 
larg(>ly  usurped  by  the  alumino-thermic  process  of  reduction. 
This  process  has  the  advantage  of  convenience  and  simple 
ei"iuipmcnt,  but  necessitates  the  tise  of  more  or  less  inne 
nxides  for  reduction,  which  have  to  be  chemically  prepared 
by  an  intermediate  operation.  Such  an  operation  is  costly 
and  wasteful,  and  the  aluminium  required  for  reduction  is 
a  big  item  of  expense.  Recently,  however,  these  deficiencies 
have  been  overcome  by  a  very  marked  development  in  the 
art  of  alumino-thermic  reduction.  The  prc-paration  of 
[lure  oxides  has  been  rendered  sujx'rfluous.  Owing  to  a 
systematic  study  of  the  chemical  and  thermal  nature  of  the 
reactions,  it  has  been  possible  to  reduce  a  complex  ore  by 
means  of  aluminium  in  conjunction  with  suitable  fluxes, 
whereby  the  desired  metal  or  metals  are  carried  into  the 
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regulus  and  tho  uiKk'siraljlc  cDiistituents  into  the  slag.  This 
is  .accoinphshed  by  taking  into  consideration  not  only  the 
necessary  chemieal  factors,  tnit  also  the  physical  ones,  as 
size  of  the  granules  and  rate  of  feeding  of  the  mixture.  The.se 
factors  are  technically  important  when  we  consider  that  wi; 
are  dependent  only  on  (he  chemical  reaction  of  the  mixture 
for  tho  necessary  temperature  to  obtain  a  fiuiil  slag  and  a 
molten  metal,  and  have  no  means  whatever  to  control  this 
temijerature  from  any  other  source.  .A.nother  marked  im- 
provement in  the  practice  of  alumino-thermic  reduction 
is  the  fact  that  this  operation  is  carried  out  on  a  very  ex- 
tensive scale,  as  a  continuous  one,  in  a  shaft  furnace,  tapping 
the  slag  anil  metal  at  regular  interxals.  This  continuity 
of  operation  has  not  only  enlarged  tiie  quantity  from  a  few 
pounds  produced  in  small  crucibles  to  several  tons  per  day 
out  of  each  shaft  furnace,  but  has  helped  to  profluce  higher 
temi)eratures,  owing  to  large  quantities  reacting  exother- 
micidly  and  storing  the  heat  energy  developed  in  the  walls  of 
the  furnace,  and  thus  promoting  slagging  reactions  for  the 
undesirable  constituents,  which  was  not  possible  in  the  small 
crucibles.  This  alumino-thermic  development  has  been 
largely  in  connection  with  the  production  of  ferro-vanadium. 

The  recent  developments  in  the  electric  furnace  for  the 
production  of  ferro-alloys  have  been  very  marked.  In  the 
case  of  ferro-vanadium,  for  instance,  in  spite  of  the  great 
strides  of  alumino-thermic  reduction,  the  field  is  now  practi- 
cally dominated  by  the  electric  method.  The  most  marked 
improvements  in  electric  furnace  operation  have  been  in  the 
develojiment  of  a  control  mechanism,  whereby  the  energy 
input  is  held  constant  by  using  a  true  watt  regulator.  Much 
higher  temperatures  have  been  produced  by  the  use  of  higher 
current  densitj',  high  voltage,  and  very  close  electrode 
spacing.  The  open-top  furnaces  have  been  replaced  in  several 
instances  by  furnaces  \vith  closed  tops,  water-cooled  in  some 
cases  to  conserve  the  heat  energy.  The  advent  of  the  elec- 
tric furnace  in  the  ferro-alloy  industry  has  made  many 
low-grade  ores  available  for  reduction  at  a  reasonable  cost, 
and  thus  has  not  only  played  a  great  part  as  an  economic 
factor  in  lowering  the  prices  of  several  ferro-alloys,  but  also 
made  discarded  mineral  deposits  usefully  available,  thus 
increasing  our  natural  resources. 

Another  direction,  in  connection  with  the  electric  furnace, 
in  which  rapid  progress  has  been  made,  is  the  refining  of 
ferro-alloys  containing  undue  percentages  of  carbon  and  sili- 
con. Activity  in  this  field  has  been  mainly  in  connection 
with  ferro-chromium.  "With  the  development  of  the  so-called 
"stainless"  steels  there  suddenly  appeared  a  demand  for 
a  ferro-chromium  very  low  in  carbon  content.  The  amount 
of  chromium  present  in  such  steels  is  high,  approximateh' 
12  to  14  per  cent,  and  consequently  any  appreciable  carbon 
content  of  the  ferro-alloy  would  cause  an  undue  rise  in  the 
carbon  of  the  finished  steel.  Several  patents  for  refining 
carbon  containing  ferro-chromium  have  been  recently  granted, 
and  special  publicity  has  been  given  to  some  claiming  to 
remove  the  carbon  by  bessemerizing  the  molten  alloy  with 
an  oxidizing  gas.  Several  processes  have  also  been  suggested 
for  oxidizmg  the  carbon  content  by  means  of  iron  ore  or 
chrome  ore  together  with  fluxes. 

The  development  of  liigh-chromium,  low-carbon  steels 
has  also  led  to  processes  for  introducing  the  chromium  with- 
out the  necessity  of  first  manufacturing  a  ferro-chrome. 
In  such  processes,  the  reducing  agent,  either  metallic  or  non- 
metallic,  is  placed  in  the  bath  of  molten  steel,  together  with 
the  raw  chrome  ore,  with  suitable  fluxes,  the  reduction  of  the 
chromium  taking  place  in  the  molten  bath  of  steel.  In  this 
way  the  reducing  agents  present  in  the  bath,  such  as  carbon 
or  silicon,  are  eliminated  by  oxidation,  and  the  chromium  re- 
duced during  this  reaction  enters  the  steel.     This  process  has 


the  advantage  of  not  introducing  carbon  with  the  chromium, 
and  so  produces  a  more  homogeneous  at(!el  free  from  segrega- 
tion, as  the  chromium  reduction  takes  place  uniformly  over 
the  entire  bath  and  is  ab.sorbed  in  the  na-seent  state  of  for- 
mation by  tho  steel. 

In  the  ferro-tungsten  indu.stry  there  have  been  no  radically 
new  develoi)ments,  probably  owing  to  the  lack  of  dem.and 
and  demoralized  condition  of  the  tungsten  market. 

.Another  alloy  that  has  gained  prominence  commercially 
is  ferro-phosphorus.  In  its  manufacture  tho  electric  furnace 
is  supplanting  the  blast-furnace  method.  Its  principal  use 
is  to  raise  the  phosphorus  content  of  sheet  bars  in  order  to 
diminish  the  loss  involved  in  stripping  or  tearing  apart  plates 
or  sheets. 

Of  less  importance  are  the  alloys  ferro-boron,  ferro-zir- 
conium,  and  ferro-cerium.  Ferro-cerium  has  been  used  as 
a  pyi'ophoric  alloy  and  .also  as  a  deoxidizer  in  steel. 

In  conclusion,  it  may  be  nvrntioned  that  the  United  States 
can  claim  the  furthest  advances  in  the  metallurgy  of  ferro- 
alloys within  the  last  few  years,  and  to  he  the  largest  producer 
in  the  world  of  a  commodity  on  which  the  progress  of  our 
steel  metallurgy  is  so  vitally  dependent. 


Puhlicity  for  Chemistry 

During  tlie  past  year  tlie  ]'alc  Alumni  Weekly  devoted  an  issue 
to  chemistry.  It  was  well  planned  and  served  to  emphasize  the 
part  which  Yale  intends  to  play  in  chemistry-  in  the  future.  Other 
educational  institutions  might  do  well  to  follow  this  example. 

In  Current  Affairs  the  Boston  Chamber  of  Commerce  has 
placed  before  its  members  an  article  on  the  organization  of  the 
chemical  and  dyestuff  industo'  in  New  England.  This  cannot 
fail  to  bring  home  to  New  England  manufacturers  a  realization 
that  the  industry  is  worth  keeping  and  deserves  all  possible  en- 
couragement. 

In  addition  to  sending  our  articles  on  chemical  subjects  to 
papers  in  nearby  towns  and  cities,  the  Publicity  Committee  of 
the  Rochester  Section  obtained  during  the  last  year  the  equiva- 
lent of  seventy  columns  of  space  in  local  papers.  By  assigning 
each  of  the  local  papers  to  a  member  of  the  committee  a  great 
deal  has  been  accomplished,  and  the  experience  of  the  com- 
mittee goes  to  show  that  publicity  can  be  obtained  for  the  activi- 
ties of  chemists  as  an  organization  and  for  the  accomplishments  of 
individual  members,  if  the  material  is  presented  in  good  form  and 
care  is  taken  to  place  it  in  proper  hands. 

The  Michigan  .■\gricultural  College  Section  was  the  guest  at  a 
banquet  of  the  Kiwanis  Club  in  Lansing.  The  chemists  were 
responsible  for  the  principal  addresses,  and  two  hundred  and 
fifty  business  men  were  brought  into  close  contact  with  a  large 
number  of  chemists.  This  appeals  to  us  as  a  good  precedent. 
Such  a  gathering  does  more  to  bring  about  an  entente  cordiale 
between  chemists  and  business  men  than  could  be  accomplished 
by  any  number  of  meetings  where  one  chemist  addresses  a  group 
of  business  men  or  a  business  man  addresses  a  group  of  chemists. 


Chemical  Equipment  Manufacturers  Petition  Congress 

Eighty-nine  firms,  whose  names  will  appear  in  our  next  issue 
and  whose  business  is  specifically  that  of  supplying  equipment 
necessary  to  the  .American  chemical  manufacturer  and  industry, 
believing  that  they  are  in  position  to  have  an  intimate  knowledge 
of  the  needs  of  the  chemical  industry,  have  sent  the  following 
petition  to  Congress; 

1 — That  the  Chemical  Manufacturer  requires  an  endless  variety  and 
enormous  volume  of  special  equipment,  the  production  of  which  in  this 
country  has  progressed  in  step  with  the  developing  needs  of  the  Chemical 
Manufacturer; 

2 — That  the  Chemical  Equipment  Industry  before  the  War  was  very 
small  as  compared  with  to-day; 

3 — That  this  equipment  field  represents  millions  of  capital  and  thousands 
of  employees,  both  now  unemployed  to  a  great  extent  and,  in  our  judg- 
ment, certain  to  remain  so  unemployed  unless  the  .American  chemical  in- 
dustry is  properly  safeguarded  and  maintained  in  a  flourishing  condition. 

4 — Therefore,  we  respectfully  urge  that  you  not  only  support  personally 
all  just  provisions  for  the  welfare  of  our  Chemical  and  coordinate  fields,  but 
that  you  use  your  good  judgment  and  effort  in  bringing  your  colleagues 
to  do  likewise,  by  voting  for  the  Amendment  extending  the  Dye  and  Chem- 
ical Control  Act,  in  accordance  with  the  report  and  vote  of  the  Finance 
Committee. 
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Recent  Progress  in  Magnesium  Alloys 


By  John  A.  Gann 
Dow  Chemical  Co.,  Midland,  Micbigan 


M.\(1NKSIUM  alloy.s  are  now  being  widely  advertised 
under  trade  names  such  as  Downietal,  Magna  Metal, 
M.  W.  Metal,  and  Elektronmetal,  the  last  named  be- 
ing a  product  of  the  Chemische  Fabrik  Griesheim-Elektron. 
All  of  these  alloys  are  characterized  by  their  high  magnesium 
content,  which  exceeds  80  per  cent  and  may  run  as  high  as  100 
per  cent.  The  term  "DowTnetal"  is  a  generic  one  covering 
an  entire  series  of  magnesium  alloys,  as  made  by  The  Dow 
Chemical  ('ompaiiy.  Their  chemical  composition  and  phys- 
ical properties  varj'  according  to  the  use  for  wliich  the  alloy 
i.s  intended.  "Elektronmetal"  is  likewise  a  generic  term. 
Magna  Metal  has  the  same  composition  as  the  German 
Elektron  casting  alloy.  The  WTiter  knows  very  little  con- 
cerning M.  W.  Metal  beyond  the  fact  that  the  Uterature  dis- 
tributed by  the  M.  W.  Metal  Company  is  a  direct  tran.slation 
of  parts  of  the  German  I'.lektron  catalog.  The  commercial 
pnxluction  of  Elektronmetal  dates  back  to  1912,  Dowmetal 
to  1918,  while  Magna  Metal  and  M.  W.  Metal  have  not  yet 
reached  the  commercial  stage.  The  Magnesium  Corporation 
of  America  at  Niagara  Falls,  however,  is  producing  extnided 
magnesium    alloy   parts   on   a   quantity   production    iiasis. 

The  published  literature  relative  to  magnesium  and  its 
alloys  is  somewhat  meager  on  account  of  the  comparative 
newness  of  the  subject  and  the  necessity  for  secrecy  on  the 
part  of  the  investigator  and  manufacturer  during  the  develop- 
ment pcriixl  and  until  after  they  are  fully  i)rotected.  The 
most  recent  work  on  tiie  constitutional  diagrams  of  magne- 
sium alloys  is  that  of  Hanson  and  Gayler'  which  deals  with 
the  magnesium-aluminium  series.  The.«e  investigations  are 
quite  complete,  and  coiifinn  in  general  the  earlier  finding  of 
Grube.  The  main  difference  likely  to  be  of  any  practical 
importance  is  that  niaguesiinn  is  capalile  of  holding  about 
10  per  cent  of  aluminium  in  solid  solution  as  contrasted  with 
f)  per  cent  previously  given.  The  magnesium-rich  part  of  this 
series  has  been  discussed  more  in  detail  by  Gann.-  The  re- 
lationship between  chemical  composition,  physical  proper- 
ties, microstnirture,  and  equilibrium  diagram  of  these  alloys 
is  here  shown  and  .■^oiiii'  of  llieir  industrial  a|)plications  briefly 
indicated.  IClektroiunetal'  has  been  descriljed  at  various 
times,  some  of  its  physical  properties  given  and  commercial 
uses  discussed.  The  most  complete  report,  however,  is  given 
in  the  Elektron  catalog,  which  includes  methods  of  melting, 
casting,  and  coloring  four  of  the  .alloys  (hey  are  now  producing. 

The  physical  properties  of  magnesium  alloys  neces.sirily 
vary  with  the  chemical  comi)osition  and  method  of  treatment. 
Pure  cast  magnesium,  for  example,  has  a  tensile  strength  of 
only  14,000  to  l.i.OOO  lbs.  per  sq.  in.  The  addition  of  6 
I)er  cent  aluminium  practically  doubles  this  value,  that  is, 
it  in--  •'     •iisile  strength  to  28,000  lbs.  per  sq.  in.,  while 

it  ii'  •  "'ifir  gravity  only  2  to  '.i  per  cent. 

II  'of  these  alloys  results  in  up  to  2.i  per  cent 

incriii.-.  ill  iiu.-^ile,  strength,  while  mechanical  working  may 
increa.-''  Ilie  strength  ."ifl  tn  100  per  cent. 

The  get  '  '  '  "f  .standard  products  of  the  dif- 
ferent m:i!  ■,  ii,  Table  I,  the  figures  being 
taken  froip.  ,  lic  literature  ..r    wlwr,.  > <. 

'  J.  Insl.  ilttats,  M  (1920),  JOl. 

•  Trtnt.  Am.  Soc.  SIttI  Trtiuint,  April  1022. 

•  Adolph  Btriman.  */»M»/iiJ  .10((1022).l ;  I'dlx  Thomaj,  SiM  u.  Eisen 
40  (10201.290:  SriM  Z.  UilaUiuodr.  II  (1021),  474;  IHd..  *1«  (1921). 


sary,  from  advertising  material.  Corresponding  values  of 
No.  12  aluminium  casting  alloy  and  gray  cast  iron  are  given 
for  comparison. 

Tablb  I — Comparative  Physical  Properties  op  Cast  Alloys 

Alumin- 
Dow-  Dow-  ium  Al-       Gray 

Proper-  metal  metal       Elektron     Magna  loy  Cast 

TIES  No.  1630     No.  217         Zl  Metal          No.  12         Iron 

Tensile 

strenRth 

Ib./sq.  in.  22,000        28,000        19,000        19,300        20,000        30,000 
Yield  point  Indeter- 

Ib./sq.  in.  14,000        11,000        13.000  ('.,.500        13,000  minate 

Specific 

tenacity      12,000        16.000        10,400         11,000  7,000  4,200 

Per  cent 

elongation 

(2  in.)  2.0  6.0  2.0  8.5  2.0    Negligible 

Brinell 

hardness  58  50  48  . .  70  125 

Sclerose  ope 

hardness  28  24  13  . .  15  30 

Table  II — Physical  Properties  op  Dowmetal  Alloys 

Dowmetal  Dowmetal  Dowmetal  .'Aluminium' 

No.  220  No.  1045  No.  1630  Alloy  No.  12 

Tensile  strength 

Ib./sq.  in.  22,000  22,000  22,000  20,000 

Yield  point 

Ib./sq.  in.  14,000  14,000  14,000  13,000 

Per  cent 
elongation 

(2  in.)  2.0  2.0  2.0  2.0 

Brinell 

hardness  58  58  58  75 

Scleroscope 

hardness  28  28  28  15 

Single  blow 

impact'  26  32  40  26 

Impact  fatigue 

blows'  1,300  2,800  3,200  200 

Maximum  fiber 
stress,  Ib./sq.  in.* 

200.000  reversals  6,000  8,900  1 1 ,000 

40,000,000  reversals  S,n.")0  9.800 

'  Sand  cast  in  our  own  foundry. 
>  Dow  machine. 
'  ICdcn-Foster  machine. 
4  ^'armcr  alternating  stress  machine. 

Probably  the  most  recent  advance  in  magnesium  alloj's 
is  the  production  of  new  Dowmetal  piston  alloys,  in  which  the 
toughness  and  fatigue  endurance  have  been  very  materially 
increased  without  any  sacrifice  whatsoever  in  other  desirable 
properties.  An  exhaustive  study  of  this  subject  is  now  in 
jirogress,  and  although  this  program  is  still  in  the  elementary 
stages  the  results  are  of  interest  (see  Table  II).  Our  results 
on  No.  12  aluminium  alloy  arc  again  given  for  comparison. 

Within  the  last  two  months  a  new  alloy  especially  designed 
for  use  in  high-speed  motors  and  in  racing  cars  has  been 
developed.  This  alloy  has  a  thermal  conductiiity  nearly 
70  per  cent  higher  than  the  usual  magnesium-rich  alloy, 
thereby  insuring  a  cooler  running  motor,  while  the  tough- 
ness and  impact  fatigue  endurance  are  fully  as  high  as 
that  of  the  alloys  listed  in  Tabic  II.  The  excellent  results 
obtained  in  actual  ser\'ice  from  these  various  Dowmetal 
pistons  indicate  great  possibiUtics  in  the  future  development 
and  use  of  magnesium  alloys. 


The  Second  Amiiial  Report  of  the  Scientific  and  Industrial 
Uisearch  Council  of  Alberta,  covering  work  done  during  the 
year  1921,  has  just  been  printed.  The  greater  part  of  the 
work  was  done  in  relation  to  various  types  of  fuels,  although  con- 
siderable attention  was  given  to  road  materials,  forest  products, 
and  a  geological  reconnaissance  in  Alberta. 
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Nonferrous  Alloy  Progress  in  1921 

By  H.  W.  Gillett 

U.  S.  BusKAu  OP  MiNiiS,  SiBLSy  Collsgr,  CoRNKi.1,  Univbksity,  Ithaca,  N.  Y. 


THE  YEAR  1921  was  one  of  business  dc|)ression  in  which 
the  nonferrous  metal  industry  was  liard  hit.  Prices  of 
nonferrous  metals  were  low,  and  production  and  con- 
sumption were  at  a  minimum.  Such  conditions  do  not  make 
for  rapid  commercial  progress.  In  the  general  retrenclimont, 
research  laboratories  in  this  field  had  to  let  many  workers  go, 
so  that  the  scientific  output  fell  off  somewhat  in  quantity, 
though  not  in  quality. 

Light  Aluminium  Alloys 

The  light  aluminium  alloys  received  much  attention.  Cast 
alloys  of  the  general  type  of  8.5  Al:  15  Si  began  to  be  tried  out 
commercially,  one  automobile  firm  trying  out  one  hundred 
crank-cases  for  an  S-cyhnder  car,  and  smaller  castings  of  this 
alloy  being  u.sed  by  various  firms.  This  alloy  bids  fair  to  rival 
and  perhaps  to  supplant  the  long-established  Xo.  12  alloy  of 
92  Al:  8  Cu,  as  it  has  a  lower  specific  gravity,  a  higher  tensile 
strength,  and  a  decidedly  greater  ductility.  In  the  foundry  it 
appears  to  behave  as  well  as  No.  12,  though  it  requires  some 
variation  of  foundry  practice.  If  service  tests  bear  out  the 
improved  physical  properties  shown  by  laboratory  tests,  we 
may  expect  quantity  production  and  use  of  the  new  alloy  to 
follow  slowly. 

In  that  case,  the  interesting  problem  ^rill  arise  of  the  direct 
production  of  Al-Si  alloys  from  lower  grade  ores,  possibly  from 
clay.  At  least  some  simplification  of  the  process  of  purifi- 
cation of  bauxite  might  become  possible,  perhaps  resulting  in 
a  lowering  of  the  cost  of  production  of  this  alloy  and  its  more 
extended  use.  Wrought  alloj^s  of  the  Duralumin  type  (e.  g., 
96.5  Al,  3  Cu,  0.5  Mg)  have  been  the  subject  of  a  good  deal 
of  work  which  has  been  timely  because  of  the  tragedy  of  the 
ZR2,  W'hich  was  ascribed  to  failure  of  Duralumin.  Merica 
and  his  co-workers  at  the  Bureau  of  Standards  published 
several  papers  dealing  with  Duralumin. 

Jeffries  and  Archer,  in  an  epoch-making  discussion  of  the 
theory  of  hardening  by  slip-interference,  considered  the 
mechanism  of  the  hardening  of  Duralumin  as  previously  sug- 
gested in  less  detaO  by  Merica,  tied  it  in  with  the  mechanism 
of  the  hardening  of  steel,  and  gave  the  metallurgical  world  a 
well-rounded  theory,  which,  in  conjunction  with  X-ray  crys- 
tal analysis,  gives  us  a  basis  for  a  more  plausible  answer 
to  the  riddle  of  "Wliat  is  martensite  in  steel?"  than  we  have 
had  before,  as  well  as  showing  the  basic  requirements  that  the 
equilibrium  diagram  of  any  alloy  must  meet  in  order  that  the 
alloy  may  respond  to  heat  treatment. 

Merica  and  Jeffries  and  Archer  ascribed  the  hardening  of 
Duralumin  to  the  precipitation  of  the  compound  CuAlj. 
British  investigators  at  the  National  Physical  Laboratory, 
however,  produce  strong  evidence  that  the  hardening  agent 
is  another  compound,  Mg?Si.  It  appears  that  both  com- 
pounds play  a  role  but  that  of  the  MgiSi  is  predominant.  If 
this  is  true,  the  discoverj'  and  development  of  Duralumin  has 
been  due  to  the  fact  that  the  commercial  aluminium  has  in 
the  past  contained  as  an  impurity  the  0.25  to  0.35  per  cent 
Si  that  is  required  to  form  Mg^Si  in  sufficient  quantity  to  give 
a  properly  hardening  Duralumin.  The  Aluminum  Company 
of  America  has  recently  produced  smaU  amounts  of  alumin- 
ium of  extreme  purity  and  is  working  on  the  question  of  the 


hardening  agents  in  Duralumin  and  of  the  effect  of  silicon. 
The  purity  of  the  aluminium  available  will  allow  them  to 
carry  the  study  to  lower  silicon  contents  than  has  hitherto 
been  possible. 

The  National  Physical  Laboratory  of  England  has  brought 
out  a  mollified  Duralumin  which  they  designate  as  "Y" 
alloy,  which  contains  a  little  more  Cu  than  the  usual  Dural- 
umin and  2  per  cent  Ni  also,  the  aluminium  content  being  cor- 
respondingly decreased.  This  alloy  is  claimed  to  be  the  equal 
of  Duralumin  on  all  usual  tests  and  to  surpa.ss  it  in  resistance 
to  repeated  stress  at  150°  C.  It  is  described  in  detail  in  the 
Eleventh  Report  of  the  (British)  Alloys  Research  Committee, 
which  covers  also  a  good  deal  of  work  on  ternary  aluminium 
alloys  of  the  type  containing  about  3  per  cent  Cu  and  20  to  25 
per  cent  Zn,  with  or  without  a  little  Mg  and  Mn  in  the  wrong 
condition.  These  alloys,  in  castings,  give  the  highest  ratio  of 
tensile  strength  to  density  of  known  cast  aluminium  alloys. 

Rolling  these  alloys  was  a  task  requiring  much  patience 
but  with  suitable  precautions  it  can  be  done,  and  mate- 
rial of  90,000  lbs.  tensile  strength  per  sq.  in.  can  be  pro- 
duced. Another  British  investigation  of  interest  was  that 
of  Carpenter  and  Elam  on  "Recrystallization  of  Aluminium 
Sheet." 

Besides  the  work  of  Jeffries  and  .\rcher  on  the  theory  of 
hardening,  they  have  discussed  the  question  of  grain  size 
(a  problem  that  has  also  received  attention  from  a  number  of 
British  investigators).  Other  contributions  from  the  re- 
search staff  of  the  Aluminum  Company  of  America  have 
dealt  with  the  density  of  molten  aluminium  and  Al-Cu 
alloys  at  various  temperatures,  and  with  the  heat  treatment 
of  castings. 

Anderson,  of  the  Bureau  of  Mines,  has  continued  his  work 
on  practical  problems  relating  to  the  preparation  of  aluminium 
alloys,  deahng  with  cracking  of  castings  in  the  foundry-gas 
atmospheres  in  aluminium-melting  furnaces,  iron-pot  furnace 
practice,  etc. 

The  use  of  .aluminium  alloy  pistons  in  automobile  engines 
appears  to  be  progressing  slowly.  Some  cars  that  pre- 
viously used  them  have  gone  back  to  cast  iron,  while  other 
cars  have  started  to  use  them.  As  a  result  of  improved  de- 
sign, recent  aluminium  pistons  appear  to  be  gi\ing  better 
results  than  earlier  ones.  Magnesium  alloy  pistons  are  being 
tried  out,  but  the  situation  on  Dowmetal,  electron  alloy,  and 
similar  alloys  of  a  magnesium  base  seems  to  be  one  of  general 
interest  but  little  actual  use  a.s  yet. 

He.4VT  Aluminium  Allots 

Of  heavy  alloys  into  which  aluminium  enters,  aluminium 
bronze  is  the  most  important.  Blue  discussed  the  heat 
treatment  of  this  alloy  and  pointed  out  that  he  had  found  the 
alloy  unreliable  because  of  the  uncertainty  of  getting  the  same 
results  twice  and  the  difficulty  in  commercial  production  of 
getting  the  physical  properties  claimed  for  it  on  the  basis  of 
laboratory  tests.  This  drew  emphatic  replies  from  producers 
of  the  alloy,  but  Blue  countered  by  showing  that  his  argu- 
ments were  based  on  tests  of  alloys  produced  and  heat- 
treated  by  his  critics  themselves.  A  translation  from  the 
French  of  Grard's  book  on  aluminium  and  its  alloys  has  been 
published,  which  deals  with  the  heat  treatment  of  aluminium 
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bronse,  as  well  as  exljaustively  discussing  aluminium  and  its 
light  alloys. 

Br.\ss  .vnd  Bronze 

Some  attention  lias  been  paid,  especially  by  French  work- 
ers, to  heat  treatment  of  brasses  and  bronzes. 

The  research  department  of  the  Woolwich  (England) 
Arsenal  has  published  in  the  Journal  of  the  British  InstilrUe 
of  Metals  three  important  papers,  one  by  Genders  on  "The 
Extrusion  Defect,"  which,  with  its  discussion,  covers  many 
interesting  points  of  the  general  subject  of  extrusion  of 
metaLs,  and  one  by  the  same  author  on  "Casting  Brass 
Ingots."  The  other,  by  Moore  and  co-workers  on  "Season 
Cracking  of  Brass,"  is  extensive  and  has  aroused  much  com- 
ment. 

Corrosion  of  brass  and  Muntz  metal  has  been  dealt  with 
by  Rawdon  of  the  Bureau  of  Standards.  British  investi- 
gators continued  work  on  corrosion  of  condenser  tubes.  An- 
other British  investigation  of  scientific  interest  is  that  of 
Haughton  on  the  copper-tin  equilibrium  diagram. 

The  American  Brass  Company  has  given  a  very  fine  paper 
on  "Grain  Growth  in  Alpha  Brass."  This  firm  has  also  made 
noteworthy  appUcation  of  spectroscopic  analysis  to  routine  lab- 
oratory work.  The  Scovill  Manufacturing  Company  pre- 
.sented  in  Thi.s  Journal  a  method  for  electrolytic  determi- 
nation of  verj-  small  amounts  of  lead. 

The  General  P^lectric  Company  put  out  its  new  bearing 
metal,  "Genelite,"  made  by  mixing  oxides  of  copper,  tin,  etc., 
with  an  excess  of  graphite,  reducing  and  compressing,  giving 
an  alloy  carrying  graphite  niixe<l  all  through  the  material 
and  hence  having  self-lubricating  properties.  The  material 
is  probably  not  applicable  to  a  very  wide  field,  but  mil  fit  in 
well  for  .some  uses. 

The  Anaconda  Copper  Mining  Company,  producers  of 
copi)er  and  zinc,  has  taken  over  the  American  Brass  Com- 
pany, the  largest  pro<lucer  of  brass. 

The  competition  of  aluminium  and  nickel  alloys,  more 
recently  rollitl  and  extruded  zinc,  and  still  more  recently 
of  the  new  stainless  iron  (low  carbon  steel  with  around  15 
per  cent  chromium)  has  threatened  to  cut  into  the  fields 
heretofore  servetl  primarily  by  copper,  brass,  and  bronze.  The 
producers  of  copper  and  its  alloys  have  therefore  formed  the 
Copper  anil  Brass  Research  Association,  whose  function  is 
to  combat  this  encroachment  and  to  develop  new  fields  for 
tiif  copper  alloys.  The  organization  does  not  cover  the 
field  that  its  name  implies  to  a  chemist  or  metallurgist,  as 
it  dcal.s  so  far  only  with  commercial  research,"  t.  e.,  propa- 
ganda and  adverti.sing  (on  a  sane  and  reasonable  basis), 
and  not  with  chemical,  pliysical,  and  metallurgical  research. 
The  field  proposed  by  the  National  Research  Council,  which 
was  to  be  covered  by  the  Alloys  Research  Association  but 
which  materialized  only  in  a  limited  information  service  on 
.illoys,  is  still  unfilled.  The  British  Nonferrous  Metals 
Research  A.ssociation,  with  headquarters  in  Birmingham, 
!iI)lK'ars  to  be  getting  a  good  start. 

Notwithstanding  the  depression  of  1921,  the  various  brass 
rolling  mills  which  had  previously  laid  down  ijlans  for  ex- 
tensive installations  of  electric  furnaces,  went  ahead  with  the 

I  ,11  it  ions,  which  i.s  pretty  good  proof  that  electric  brass 

::  i.s  expected  to  continue  to  show  lower  melting  costs 

'  '- 'il  furnaces  in  the  more  normal  times  ahead,  !is 

r  the  conditions  during  and  ju.st  after  the  war. 

'ing  of  brass  and  bronze  has  had  a  very  rapid 

riiere  are  to-day  more  electric  brass  furnaces  in- 

in  the   Tnilcfl  States  than  electric  st<>el  furnaces. 

\\  Ini'    thi'  ,'i\'  '  !ir.'i,s.s  furnace  is  smaller  than  the 

average  rln  '  vr,  llip  percentage  of  electrically 

melte<l  bra'-v  ;     :  "!i  with  the  total  annu.'d  output, 

Ls  gn-atcr  than  that  of  electrically  melted  steel. 


Nickel 

Pure  nickel  and  such  alloys  as  Monel  metal  continue  to 
find  increasing  application.  Madsen  has  described  before 
the  American  Electrochemical  Society  notable  advances  in 
the  production  of  ductile  electrolytic  nickel,  and  Merica,  of 
the  International  Nickel  Company,  has  published  a  collection 
of  data  on  the  properties  of  nickel  and  its  alloys. 

Guillet,  the  French  metallurgist,  has  discussed  in  Chemical 
and  Metallurgical  Engineering  the  replacing  powers  of  various 
elements  for  zinc  in  brass.  An  alloy  of  about  46  Cu:  10  Ni: 
44  Zn  is  of  particular  promise. 

Foundrymen  in  tliis  country  were  forced  to  use  up  a  good 
deal  of  cupro  nickel,  shell-band  scrap  containing  a  Little 
nickel,  in  recent  years,  and  much  of  this  went  into  alloys  as  if 
it  were  pure  copper,  giving  alloys  with  small  amounts  of 
nickel.  The  generally  satisfactory  results  have  raised  the 
question  whether  intentional  additions  of  nickel  may  not 
be  quite  generally  useful  in  copper  alloys,  since  it  forms  a 
solid  solution  with  copper  that  is  stronger  than  copper,  just 
as  it  forms  a  solid  solution  with  iron  and  strengthens  the  fer- 
rite,  so  that  one  may  increase  the  strength  of  almost  any  steel 
by  addition  of  suitable  amounts  of  nickel. 

The  producers  of  nickel  are  naturally  interested  in  this, 
and  developments  on  this  line  may  be  looked  for  in  the  future. 

COB.\LT 

One  interesting  development  in  connection  with  the  cobalt- 
chromium  cutting  alloy,  stellite,  is  that  the  producers  are 
making  commercial  inspection  of  stellite  tools  by  the  X-rays, 
to  detect  blowholes  and  other  defects  in  the  cast  tools.  The 
application  of  X-ray  examination  to  metals  is  being  carried 
farther  than  in  the  past  and  still  further  improvements  are 
expected  to  be  attained  in  the  near  future. 

Zinc 

Marked  advances  have  been  made  in  the  application  of 
rolled  and  extruded  zinc  to  industrial  use.  Its  cheapness 
and  resistance  to  atmospheric  corrosion  make  it  useful  for  a 
multitude  of  uses.  A  paper  by  Mathewson  of  Yale  and  co- 
workers of  the  New  Jersey  Zinc  Company  in  the  Trans- 
actions of  the  American  Institute  of  Mining  and  Metallurgical 
Engineers  gives  great  detail  on  the  properties  and  applica- 
bility of  the  material.  One  by  Ingall  in  the  Transactions 
of  the  British  Institute  of  Metals  on  "Mechanical  Properties 
aud  JNIicrostructure  of  Rolled  Zinc"  supplements  the  American 
paper. 

Gener.\l 

Steady  progress  is  being  made  in  fields  that  touch  the  in- 
terests of  the  chemist  and  metallurgist  working  on  nonfer- 
rous alloys.  Refinements  and  more  speedy  methods  in 
chemical  analysis,  improvements  in  methods  of  physical 
testing,  more  knowledge  of  endurance  testing,  advances  in 
metallography,  etching  practice,  and  photomicroscopy  ap- 
ply to  the  nonferrous  as  well  as  to  the  ferrous  field. 

Theoretical  iiroblems  in  atomic  and  crystal  structure  and 
arrangement,  the  study  of  space  lattices  by  the  X-ray  spec- 
trometer, grain  growth  and  recrystallization,  the  study  of 
colloids  and  the  application  of  colloid  chcmi.stry  to  metals 
and  alloys  bear  on  both  ferrous  and  nonferrous  alloys,  and  to 
discuss  them  here  would  take  us  outside  the  scope  of  this 
review. 

It  is  interesting  to  note  that  some  of  the  advocates  of  the 
"amorphous  cement"  theory  api)car  to  be  modifying  their 
views  somewhat,  especially  in  regard  to  cast  metals,  and 
t)pposition  to  the  theory  is  beginning  to  be  expressed  as 
vigorously  as  is  its  propagation  and  defense.  This  will  in- 
cite the  collection  of  more  experimental  facts  and  more  rie;- 
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(irous  examination  of  the  explanations  for  them,  so  that 
uhiniately  we  sliall  know  a  good  deal  more  of  the  trutli. 

Meanwhile,  the  arguments  pro  and  con  will  continue  to 
make  the  discussions  of  metallurgical  papers  lively. 

Conclusion 

The  above  represents  the  personal  "reaction"  of  the  re- 
viewer on  the  more  important  features  of  nonfcrrous  alloy 
progress  in  1921.  Another  reviewer  miglit  pass  over  most 
of  these  and  cite  many  other  developments,  commercial  and 
scientifie.     Tiic    interested    reader    wU    find    the    detailed 


nonferrous  history  of  1921  in  the  following  (rated  in  classes 
according  to  usefulness  to  the  writer). 

Class  1 — Transactions  of  the  American  InililuU  of  Mining  and  Metal- 
lurgical Engineers,  Journal  of  the  Institute  of  Metals  (abstracts  valuable  as 
well  as  papers.  Most  of  the  abslracU  available  in  Chemical  Abstracts  but 
more  readily  used  in  J.  Inst.  Metals  on  account  of  beinij  collected  and  classi- 
fied); Chemical  and  Metallurgical  Engineering. 

Class  2 — Tht.  Foundry;  The  Iron  Agt  (contains  many  nonferrous  data); 
Metal  Industry  (N.  y.) ;  Metal  Industry  (London). 

Class  3 — Revue  Mttalturgie;  Zcitschrifl  far  Meiallkundt.  Engineering 
(London). 

Cla.13  i— Brass  World:  Melall  und  Erz. 


Physical  Chemistry  as  Apph'ed  to  Foods 


Director,  Food  Resear 


By  Carl  L.  Alsberg 

Institute,  Stanford  University,  Stanford  University,  Cauf. 


THE  SLOP  .lAK  used  to  be  the  destination  of  most  of  the 
colloidal  substances  the  chemical  investigator  encoun- 
tered. What  did  not  crystallize  he  stigmatized  as  a 
.smear.  Yet  wluit  docs  not  occur  in  nature  in  the  crystalline 
form  is  at  least  as  important  to  man  as  what  crystallizes,  for  it 
constitutes  the  essential  portion  of  organized  beings.  Until 
well  toward  the  end  of  the  last  century  only  the  biochemist 
or  the  physiologist  concerned  himself  mth  such  material. 
It  wa.s  neces.sary  for  the  biochemist  to  pioneer  in  this  field 
and  for  the  science  of  physical  chemistry  to  have  developed 
before  the  study  of  such  colloidal,  not  readily  crystallizable 
material  became  interesting  to  chemical  investigators  gener- 
ally. Solely  by  means  of  the  appUcation  of  the  principles 
of  physical  chemistry  to  the  study  of  the  colloidal  materials 
that  characterize  living  organisms  has  progress  in  many 
branches  of  biological  science  become  possible.  Such  phe- 
nomena as  the  acid-base  equiUbrium  in  animals  and  plants, 
tiie  maintenance  of  neutrality,  the  transport  of  carbonic 
acid  through  the  blood,  the  mechanism  of  secretion  and 
excretion,  cell  respiration,  the  osmotic  phenomena  exhibited 
by  living  semi-permeable  membranes,  and  the  metaboUsm  of 
microorganisms  came  to  be  understood  only  when  con- 
ceptions of  physical  chemistry  began  to  be  applied  by  the 
biochemist  in  the  study  of  biochemical  phenomena.  Stud- 
ies upon  the  true  character  of  acidity  and  alkalinity,  upon 
dissociation,  the  phase  rule,  emulsions,  sols  and  gels  were 
necessary  before  some  of  the  apparently  simpler  problems 
of  biology  could  be  studied.  It  is  fair  to  say  that  to-day  the 
science  of  general  physiology  is  based  very  largely  upon  the 
science  of  physical  chemistry.  Each  advapce  in  physical 
chemistry  is  liable  to  be  followed  by  a  corresponding  broad- 
ening of  our  knowledge  of  the  behavior  of-Uving  things. 
It  is  obvious  that  only  through  such  knowledge  can  progress 
be  made  in  many  branches  of  medicine.  Thus,  to  physical 
chemistry  must  be  attributed  much  of  what  we  know  about 
the  coma  that  may  result  from  the  disturbance  of  the  acid- 
base  equiUbrium  in  the  body,  which  the  pathologist  knows 
as  acidosis,  so  common  a  cause  of  death,  especiallj'  in  diabetes. 
Since  agriculture  and  food  manufacture  are  essentially 
forms  of  appUed  biochemist  rj-,  physical  chemistry  has  made 
possible  great  advances  of  immediate  practical  usefulness. 
Without  physical  chemistry  our  present-day  conceptions  of 
the  equilibria  that  prevail  in  soils  and  in  the  soil  solution 
would  be  impossible.  An  increase  in  our  knowledge  of  the 
behavior  of  coUoids  and  of  emulsions  is  destined  to  influence 
profoundly  the  world's  methods  of  food  production.  For 
example,  wheat  owes  its  preeminence  as  a  bread  grain  in 
large  measure  to  the  fact  that  it  contains  a  mixture  of  pro- 


teins known  as  gluten,  which,  when  mixed  with  water,  forms 
a  tenacious,  elastic  mass.  For  this  reason  wheat  and,  to 
a  less  degree,  rye  alone  of  all  the  grains  yield  dough.  Be- 
cause of  the  physical  qualities  of  gluten — its  toughness,  its 
distensibility,  and  its  coagulability  by  heat — it  is  possible 
to  produce  leavened  bread.  These  qualities  of  gluten- 
elasticity  and  coagulability — however,  are  physicochemical, 
net  purely  chemical  quaUties  in  the  ordinary  sense.  They 
do  not  depend  primarily  upon  the  arrangement  of  the  atoms 
in  the  molecule  but  rather  upon  the  physical  condition  of 
molecular  aggregates.  If,  then,  the  properties  of  gluten 
which  render  wheat  so  desirable  as  a  bread  grain  are  physico- 
chemical,  they  depend  upon  the  physicochemical  condition 
of  the  protein  molecule,  not  upon  its  chemical  structure.  It 
is  not  too  much  to  hope  that  physicochemical  research 
upon  colloids  vsdll  one  day  enable  us  to  control  the  colloidal 
state  to  such  an  extent  that  we  can  give  to  a  colloid  essen- 
tially those  physicochemical  properties  that  we  desire.  If 
this  can  be  done,  and  there  is  no  inherent  impossibility  in  the 
idea,  it  may  be  possible  to  give  to  other  proteins  besides 
gluten  the  physicochemical  properties  of  gluten.  When 
that  time  comes,  leavened  bread  will  be  produced  from 
materials  or  grains  other  than  wheat  and  rye.  Wha,t  this 
would  mean  to  the  food  supply  and  the  future  of  the  race  is 
obvious.  Indeed,  before  such  profound  developments  take 
place,  it  is  probable  that  the  application  of  physical  chemistry 
to  the  food  industries  v\ill  render  them  vastly  more  efficient. 
To-day  the  miUing  and  baking  chemists  are  studying  the 
hydrogen-ion  concentration  of  milling  and  baking  materials 
and  are  coming  to  realize  that  this  is  one  of  the  most  im- 
portant, if  not  the  most  important,  factor  in  determining 
the  bread-producing  qualities  of  flours  and  the  behavior  of 
doughs  in  fermentation.  It  is  not  improbable  that  in  the 
ituUing  laboratories  of  the  country  the  potentiometer  before 
long  will  be  as  famihar  an  instrument  as  the  buret.  What 
is  likely  to  be  true  in  the  mill  is  likely  to  be  true  in  the  bakerj% 
in  the  creamery,  and  in  the  sugar  refinery.  The  behavior  of 
dough  and  yeast  is  profoundly  influenced  by  physicochemical 
conditions.  Butter  is  an  emulsion.  The  colloids  of  cane 
and  beet  juice  play  an  important  part  in  molasses  formation, 
while  the  problem  of  decolorizing  carbon  is  one  for  the  physi- 
cal chemist.  Examples  might  be  multiphed  vastly,  were 
space  available.  It  is  perhaps  sufficient  to  add,  in  conclu- 
sion, that  most  of  the  industries  that  elaborate  raw  materials 
derived  from  hving  beings  have  to  deal  with  coUoids.  There- 
fore they  can  make  progress  only  so  fast  as  they  apply  to 
their  problems  the  discoveries  made  in  that  branch  of  physi- 
cal chemistry  which  is  known  as  coUoid  chemistry. 


8<58 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  9 


An  Outline  of  the  History  of  Chemistry  Symbolically 
Represented  in  a  Rookwood  Fountain 

By  Harry  Shipley  Fry 

PRorsssos  OP  Chemistry,  Univbrsity  op  Cincinnati,  Cincinnati,  Ohio 


THERE  are  certain  symbols  and  figures  that  are  typically 
characteristic  of  the  foremost  periods  in  the  History  of 
Chemistry.  The  reproduction  of  some  of  these  symbols 
and  figures  and  their  artistic  embodiment  in  a  fountain'  of  Rook- 
wood faience  has  been  accomplished  in  a  remarkably  unique  and 
harmonious  style  by  the  master  artists  and  ceramic  craftsmen  of 
the  Rookwood  Pottery  of  Cinciimati. 

An  appreciation  of  the  symbolism  of  this  fountain  from  the 
twofold  point  of  view  of  the  history  and  the  motive  of  chemistry- 
calls  for  a  brief  outline  of  the  motives  of  the  foremost  periods  in 
the  history  of  chemistry  accompanied  by  a  description  of  the 
principal  symbols  and  figures  that  have  marked  these  periods. 
The  five  generally  recognized  overlapping  periods,  the  predomi- 
nant ideas  in  any  one  being  accepted  far  into  another,  are  ap- 
proximately as  follows ; 

1 — The  Prehistoric  Period,  from  prehistoric  times  till  1500  B.C. 
2— The  Alchemical  Period,  from  1500  B.C.  tiU  1650  A.  D. 
3— The  latrochemical  Period,  from  1500  A.  D.  tiU  1700  A.  D. 
i—Tht  Phlogiston  Period,  from  1650  A.  D.  tiU  1775  A.  D. 
b—The  Quantitative  Period,  from  1775  A.  D.  till  1900  A.  D. 

The  science  of  chemistry  is  defined  by  J.  B.  Mellor'  as  "man's 
attempt  to  classify  his  knowledge  of  all  the  different  kinds  of 
matter  in  the  universe;  of  the  ultimate  constitution  of  matter; 
and  of  phenomena  which  occur  when  the  different  kinds  of  matter 
react  one  with  another."  Since  all  material  transformations, 
physical  or  chemical,  are  accompanied  by  energy  transfor- 
mations, it  follows  that  the  extent  of  our  knowledge  of  these 
changes  and  the  ultimate  constitution  of  matter  determines  the 
subserviency  to  mankind  of  both  matter  and  energy.  Accord- 
ingly, the  motive  of  the  science  of  chemistry  as  well  as  that  of 
other  natural  sciences  has  been  expressed  in  a  broad  and  com- 
prehensive sense  by  a  maxim  of  Galileo  Galilei  (1504-1642) 
which  is  the  motto  of  the  fountain:  "Let  us  remember,  please, 
that  the  search  for  the  constitution  of  the  world  is  one  of  the 
greatest  and  noblest  problems  presented  by  nature."  This 
applies  not  only  to  man's  search  for  the  ultimate  constitution  of 
the  atom  from  the  time  of  the  Hindu  philosopher,  Kanada, 
1200  B.  C,  to  the  researches  of  J.  J.  Thomson,  Bohr,  Rutherford, 
and  Langmuir,  but  also  to  the  past  and  present  quests  for  the 
limits  of  the  universe  which  according  to  the  metaphysics  of 
relativity  and  Einstein  may  be  finite. 

Berthelot,  in  his  work,  "Les  Origines  de  /'  Alchemic,"*  writes: 

Chemistry  is  not  a  primitive  science,  like  geometry  and  astron- 

iiniv      .t  1.;  ,  ,.,,-ir,,,.ted  from  the  debris  of  a  previous  scientific 

ucrical  and  half  positive,  itself  founded  on 

amassed   by   the   practical   discoveries   <if 

' .  indu.stry,  and  domestic  economy.     It  has 

''•"'  '  '"ly,  which  pretended  to  enrich  its  adepts 

"y   '•  '"  manufacture  gold   and  silver,   to  shield 

"><='"  • -'V  the  preparation  of  tlie  panacea,  and  finally 

to  obi.iui  fur  iJiem  |K;rfect  felicity  by  identifyitig  them  with  the 
soul  of  the  world  and  the  universal  spirit. 

•  Old  of  the  StDlor  Engineering  Cla-.,.  IMl,  University  of  Cincinnati 
to  tbc  Chemistry  Building. 

■  "A  Comprehensive  Treatise  on  InorBunic  and  Theorelicul  Chcmislrv  " 
Vol.  I.  p.  II.      Loniimans  &  Co  .  int. 

•  Oeorges  Steinheil.  Pans,  ISSS. 


Egyptian  hieroglyphics  and  picture  writings  show  that  many 
of  these  practical  discoveries  were  the  fruits  of  Egyptian  Alchemy, 
but  the  Chaldeans  were  in  fact  the  pioneers  of  alchemical  sci- 
ence. Although  no  written  record  of  Chaldean  Alchemy  has 
been  discovered,  we  are  aware  that  the  number  "7"  was  greatly 
respected  in  their  philosophy  and  religion.  They  recognized 
seven  visible  planets,  seven  gods  of  heaven,  seven  gods  of  earth, 
and  seven  devils.  The  Chaldean  philosophy  also  connected  the 
properties  of  the  seven  metals  with  the  influence  of  the  seven 
planets  and  both  in  turn  with  the  functions  of  the  organs  of  the 
human  body  and  the  destinies  of  men.  Now  since  these  ideas 
originated  in  the  Prehistoric  Period  and  were  maintained  through- 
out the  subsequent  periods  (and  are  even  given  credence  by 
some  to-day),  it  is  appropriate  that  the  seven  Chaldean  symbols, 
which  represent  simultaneously  the  seven  planets  and  the  seven 
metals,  be  embodied  in  the  crowning  arch  of  the  fountain. 
Thus  from  left  to  right  (Fig.  1)  across  the  top  are  noted  the  sym- 
bols for  the  Sun  or  gold,  Venus  or  copper.  Mars  or  iron,  Jupiter 
or  tin,  Saturn  or  lead,  the  Moon  or  silver,  and  Mercury  or  mer- 
cury. 

The  second  and  longest  period  in  the  history  of  chemistry, 
that  of  Alchemy,  extends  through  thirty  centuries — from  1500 
B.  C.  to  1650  A.  D.  A  series  of  books  attributed  to  Hermes 
Trismegistus,  a  native  of  Babylonia,  whom  the  Egyptians  re- 
garded as  a  god  of  wisdom,  and  other  ancient  records  clearly 
indicate  the  existence  of  purely  empirical  technical  arts  such  as 
glass-making,  pottery,  dyeing,  painting,  tanning,  brewing,  bak- 
ing, the  preparation  of  poisons  and  their  antidotes,  antiseptics 
and  oils,  expressed  and  distilled.  While  these  are  branches  of 
alchemical  knowledge,  the  word  "alchemy"  is  more  especially 
used  to  designate  the  manufacture,  or  better  said,  the  sophistica- 
tion of  silver  and  gold. 

With  the  development  of  various  technical  processes  and  the 
effort  to  transmute  the  metals,  there  was  associated  a  great  phil- 
osophical folly,  namely,  the  search  for  the  philosopher's  stone  and 
the  elixir  of  life.  Before  considering  the  doctrine  of  transmu- 
tation, the  philosopher's  stone  and  related  symbolism,  it  is  con- 
sequential to  note  some  contributions  of  the  Greek  philosophers 
to  alchemical  thought.  They  were  not  chemists.  Few  ob- 
servations or  experiments  were  made  because  they  preferred 
to  argue  from  general  principles  to  particulars  rather  than  from 
particular  observations  to  general  principles.  Nevertheless, 
they  clearly  enunciated  without  any  experimental  foundation 
whatever  the  fundamental  principle  of  all  sciences — the  law  of 
the  conservation  of  mass — and  portrayed  quaUtatively  the  atomic 
constitution  of  matter. 

Empedocles  of  Agrigentum  (490-430  B.  C.)  divided  all  matter 
into  four  elements — fire,  air,  water,  and  earth — which  were  re- 
tained in  the  natural  philosophy  of  Plato  (427-347  B.  C.)  and  of 
Aristotle  (384-322  B.  C).  It  was  due  to  the  intellectual  prestige 
of  Aristotle  that  his  idea  of  the  transmutation  of  the  four  elements 
became  the  dominant  motive  of  the  period  of  alchemy.  Fire,  air, 
water,  and  earth  were  the  roots  of  all  things,  endowed  with  the 
property  of  being  without  beginning,  indestructible  and  homoge- 
neous. From  the  mixtures  of  these  four  elements,  which  car- 
ried, respectively,  the  principal  qualities,  heat,  cold,  wetness,  and 
dryness,  arose  all  substances  as  we  perceive  them.     The  properties 
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of  substances  were  attributed  to  the  fundamental  properties  of 
the  elements  of  which  they  were  composed.  Hence,  elements 
were  transmutable  one  into  the  other  l)y  the  abstraction  of 
certain  quaUtics  and  the  substitution  of  others. 

The  transmission  of  Greek  philosophy  to  tlie  peoples  of  the 
west  was  the  result  of  the  conquest  of  Spain  (711  A.  D.)  by  the 
Arabs,  who  contributed  enormously  to  the  increase  of  chemical 
knowledge.  Geber,'  the  8th  century  Arabian  chemist,  de- 
veloped the  Aristotelian  conception  of  the  constitution  of  mat- 
ter so  as  to  accoimt  for  the  observed  differences  between  the  seven 
metals  and  to  supply  a  theoretical  basis  for  their  transmutation. 
The  four  elements  of  Aristotle  were  retained  as  the  ultimate 
constituents  but  the  substances  mercury  and  sulfur  were  assumed 
as  the  more  proximate  ones;  mercury  being  the  vehicle  of  the 
qualities  of  ducility,  fusibility,  and  luster;  and  sulfur  the  bearer 
of  the  property  of  combustibility.  Accordingly,  the  change  of 
one  metal  into  another  should  consist  in  the  addition  or  with- 
drawal of  one  of  the  two  constituents,  sulfur  and  mercury,  or 
in  its  purification. 

Geber's  Two-Principle  doctrine  held  sway  for  seven  cen- 
turies. Basil  Valentine  (second  half  of  the  15th  century) 
added  a  third  principle  or  element,  salt,  representative  of 
that  which  is  permanent  and  unaltered  by  the  action  of  heat. 
This  Three-Principle  doctrine  became  dominant  for  two  cen- 
turies. It  was  accepted 
entirely  by  Paracelsus 
(1493-1540?)  who  made 
alchemy  the  servant  of 
medicine. 

The  great  work  of  Par- 
acelsus was  in  effecting 
a  breach  with  tradition 
and  setting  physicians 
and  alchemists  free  from 
the  bondage  in  which 
they  were  held  by  con- 
vention. He  borrowed 
his  medical  treatments 
from  barber-surgeons,  old 
women  and  quacks,  and 
employed  powerful  and 
dangerous  medicines  pre- 
pared from  mercury, 
opium,  and  antimony 
more  boldly  and  success- 
fully than  his  predeces- 
sors. Paracelsus  taught 
that  the  object  of  chem- 
istry was  not  to  make 
gold  but  to  ameliorate 
disease.  The  art  of  mak- 
ing drugs,  the  motive  of 
the  latrochemical  Period, 
thus  became  one  of  the 
original  branches  of  al- 
chemy, but  it  was  fre- 
quently obscured  by  com- 
bined searches  for  the 
philospher's  stone  and  the 
elixir  of  life. 

Paracelsus  also  promul- 
gated the  Three-Principle 

*  Freund's  "Study  of 
Chemical  Composition,"  Cam- 
bridge University  Press,  1904, 
and  J.  Campbell  Brown's 
"History  of  Chemistry," 
Churchill,  London,  1913,  are 
chief  sources  in  following 
descriptions. 


Fig.  1 — The  Four  Triangul.^r  Symbols  prom  Left  to  Right  Represent  the  Four 
Elements:  Fire,  Air,  Water,  and  Earth.  The  Three  Underlying  Symbous  Represent 
THE  Three  Principles:  Sulfur,  Mercury,  and  Salt.  The  Symbol  for  Phlogiston  Is 
BELOW  That  of  Mercury.     Dimensions:  5'  2'  x  8'  4" 


doctrine  so  vigorously  that  it  became  associated  with  his  name. 
It  is  a  question  whether  these  three  principles — sulfur,  mercury, 
and  salt — were  accepted  by  chemists  instead  of  the  four  Aristo. 
telian  elements  or  alongside  with  these.  Since  "elaborate  am- 
biguity, direct  contradiction  and  studied  vagueness  are  the  char- 
acteristics of  alchemical  style,"  it  would  be  useless  to  at- 
tempt to  prove  anything  by  directly  quoting  alchemical  man- 
uscripts. Nevertheless,  the  following  excerpt  from  "A  New 
Light  of  Alchymia,"  1607,  by  Michael  Svandivogius,  is  typical 
of  medieval  speculation  relative  to  the  interrelationships  of  the 
four  elements  (Aristotelian),  fire,  air,  water,  and  earth,  and  the 
three  principles  (Paracelsian),  sulfur,  mercury,  and  salt.  (Note 
arrangement  of  symbols  in  Fig.  1.) 

We  will  now  descend  unto  the  Principles  of  things.  .  .  .  But 
how  they  are  produced  of  the  foure  elements,  take  it  thus.  .  .  . 
The  Fire  began  to  act  upon  the  Aire,  and  produced  Sulphur,  the 
Aire  also  began  to  act  upon  the  Water,  and  brought  forth  Mer- 
cury, the  Water  also  began  to  act  ujjon  the  Karth  and  brought 
forth  Salt.  But  the  Karth  since  it  had  nothing  to  work  upon, 
brought  forth  nothing,  but  that  which  was  brought  forth  con- 
tinued and  abided  in  it.  Wherefore  there  became  only  three 
Principles,  and  the  JCarth  was  made  the  Nurse  and  Mother  of 
the  rest.  .  .  .These  three  Principles  are  altogether  necessary  be- 
cause they  are  the  near  matter  .  .  .  The  remote  are  the  foure 
elements  out  of  which  God  alone  is  able  to  create  things.  .  .  . 
By  the  due  separation,  and  conjunction  of  these  Nature  pro- 
duceth  as  well  Metalls,  as 
Stones  in  the  Minerall 
kingdome;  but  in  the 
Vegetable  Kingdome 
Trees,  Herbs,  and  all  such 
things;  also  in  the  Animal 
Kingdome  the  Body, 
Spirit,  and  Soule,  which 
especially  doth  resemble 
the  work  of  the  Phil- 
osophers. The  Body  is 
Earth,  the  Spirit  is  Water, 
and  Soule  is  Fire,  or  the 
Sulphur  of  Gold. 

Thus  was  alchemy  in 
the  16th  century  com- 
plicated by  religious 
ideas.  It  was  even  argued 
that  the  exact  and  natural 
sciences  proceed  by  in- 
duction and  deduction 
while  the  occult  and  spiri- 
tual sciences  proceed  by 
analogy.  Following  out 
this  hne  of  thought  the 
alchemists  produced  the 
following  remarkable 
triology: 

Material  World 
Sulfur 
Mercury 
Salt 

Human  World 
Body 
Soul 
Spirit 

Divine  World 
Father 
Son 
Holy  Ghost 


Each  of  these  was  a 
trinity  in  imity,  and  a 
unity  in  trinity.  In  each 
world  was  a  distinct  de- 
sign: in  the  material,  the 
perfection  and  the  met- 
als;   in  the    human,    the 
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perfection  of  the  soul;  in  the  divine,  the  contemplation  of  the 
Deity  in  His  splendor. 

The  mystic  alchemists  interpreted  the  Three  Principles  in  their 
bvrn  fashion.  Mercur>',  the  passive  and  female  principle,  was 
matter;  sulfur,  the  active  and  male  principle  was  force  or  energy; 
and  salt,  the  middle  terra  in  the  proposition,  was  movement, 
which  applied  force  to  matter.  In  other  terms,  mercury  was  the 
subject;  sulfur,  the  cause;  and  salt,  the  effect.  Such,  in  lirief, 
was  the  involved  philosophy  of  the  alchemists. 

Symbolism  highly  typical  of  the  achemical  transmutation  doc- 
trine and  the  philosopher's  stone  motive  is  found  in  the  circular 
plaques  in  the  upper  left-  and  right-hand  sections  of  the  fountain 
(Fig.  1).  The  one  to  the  left  is  a  reproduction  of  a  drawing 
taken  from  Kelly's  medieval  -wotV,  Theatre  of  Terreslial Astronomy. 
Its  subject,  the  Mutual  Conversion  of  the  Elements,  represents  a 
black  rock,  on  the  top  of  which  stand  the  variously  colored  figures 
of  Saturn,  Jupiter,  Mars,  Sol,  Venus,  Mercury,  and  I.una. 
On  the  black  plain  in  the  foreground  are  Mercury  and  Luna,  la- 
beled Ilermaphrodita,  with  a  crescent  on  her  head.  To  the  left 
of  Mercury  and  to  the  right  of  I.una  close  observation  detects  the 
symbols  of  mercury  and  sulfur,  respectively.  The  four  ele- 
ments blow  from  the  four  corners  upon  the  place  where  Mercury 
stands  with  Luna.  This  plaque  illustrates  how  the  latter  al- 
chemists, who  were  astrologers  as  well,  laid  special  stress, 
as  did  the  earlier  Chaldean  alchemists,  upon  the  influences  of  the 
seven  heavenly  bodies,  each  producing  the  metal  it  typified.  Par- 
acelsus even  pretended  to  be  able  to  calculate  when  and  how  this 
planetary  influence  took  effect. 

.\  description  of  the  doctrine  of  transmutation  would  not  be 
complete  without  some  account  of  the  philosopher's  stone, 
which  was  "the  universal  medicine  for  giving  perfection,"  the 
constant  aim  of  the  alchemists.  They  treated  the  symptoms  of 
the  metals  as  the  doctor  treats  those  of  a  sick  man  when  he 
docs  not  know  the  cause  of  his  patient's  illness.  They  tried 
to  remove  the  symptoms  of  illness  and  induce  those  of  health 
or  perfection.     As  the  centuries  passed, 

the  alchemists  became  more  and  more  extravagant  in  their  visions, 
and  attributed  unlimited  powers  to  the  philospher's  stone,  such 
as  making  precious  stones,  curing  diseases,  prolonging  life,  and 
controlling  elemental  spirits.  It  could  preserve  health,  raise 
the  dead,  make  the  old  young,  turn  the  coward  into  a  hero, 
strengthen   the  memory,   and  sober  the  drunkard!     (Brown) 

The  circular  plaque  of  the  upper  right-hand  comer  of  the  foun- 
tain (Fig.  1)  is  a  copy  of  The  Birth  of  the  Philosopher's  Stone 
from  Ver  Ilermetische  Triumph,  Amsterdam,  1689.  The  alche- 
mists assumed  that  the  material  of  the  stone  or  elixir  embodied: 
4  angles  in  its  virtues:  fire,  air,  water,  and  earth;  3  angles  in 
its  substance:  sulfur,  mercury,  and  salt;  2  angles  in  its  matter: 
the  fixed  and  the  volatile,  1  angle  in  its  radical  principle:  the 
prima  materia.  The  sum  of  these  angles  is  10,  which  number 
in  their  Cabala,  or  mystic  system,  was  held  to  express  the  material 
of  the  philosopher's  stone.  A  close  inspection  of  the  hetero- 
geneous details  of  the  plaque  reveals  most  of  the  angles  just 
noted.  There  arc  fire,  air,  water,  and  earth.  The  symbol  of  sul- 
fur is  immediately  above  tliat  of  mercury  which  consists  of  in- 
tertwined serpents.  The  hermetically  scaled  flask  beneath,  or 
the  philosopher's  egg,  in  which  prolonged  heating  operations 
were  conducted,  is  above  fire.  The  sun  and  the  moon,  i.  e.,  gold 
and  silver,  direct  their  rays  or  influence  into  tlie  egg.  The 
opinion  prevailed  that  tlie  philosopher's  stone  must  be  produced 
by  llic  union  of  metals,  and  o  fortiori  of  the  perfect  metals 
gold  nu'l  "silver. 

The  ideas  of  the  constitution  of  the  philosopher's  stone  were 
confiiLtiiig,  and  the  opinions  of  the  alchemists  as  to  tlie  number 
of  operation.^  involved  in  its  synthesis  arc  various,  but  the  proc- 
ess was  made  to  imitate  the  operations  of  Nature  and  accord- 
ingly was  prolonged  through  seven  stages,  each  corresponding 
to  the  influence  and  invocation  of  one  of  the  seven  planets. 
Thus  for  each  planet,  the  philosopher's  egg  was  heated  a  fixed 


number  of  days,  the  total  operation  occupying  no  less  than  217 
days,  or  over  seven  months.  The  perfected  philosopher's  stone 
was  reputed  to  be  a  red  powder  which,  when  projected  upon  a 
quantity  of  molten  base  metal  in  a  crucible,  would  transform  it 
into  an  ingot  of  pure  gold. 

This  survey  of  the  alchemical  period  may  be  fittingly  con- 
cluded by  directly  quoting  the  estimate  of  J.  Campbell  Brown: 

When  we  reflect  upon  .  .  .  the  philosophy  and  aims  of  the 
alchemists,  we  perceive  how  foolish  it  would  be  to  sum  them  up 
in  a  single  epithet.  The  men  belonged  to  distinct  classes.  There 
were  mystical  or  religious  alchemists  who  made  use  of  terms  of 
art  merely  as  parables,  and  alchemical  processes  as  allegories. 
Their  real  subject  was  the  human  soul;  their  true  object  the  gui- 
dance of  mankind  to  salvation.  But  these  were  few.  There 
were  philosophical  alchemists,  steeped  in  the  doctrines  of  Aris- 
totle, who  sought  by  the  transmutation  of  base  metals  into  gold 
to  prove  their  great  thesis — the  unity  of  all  things.  There 
were  scientific  alchemists,  whose  desire  was  to  discover  the 
properties  and  combinations  of  metals,  and  the  best  methods 
for  their  manipulation.  And  there  were  mercenary  alchemists, 
who  hoped  to  find  in  the  philosopher's  stone  the  key  to  a  store 
of  unlimited  riches.  Unless  we  keep  these  different  classes  in 
mind,  and  differentiate  clearly  between  them,  we  shall  never 
understand  all  that  is  implied  in  the  title  'alchemist.' 

The  mystic  symbolism  of  these  circular  plaques  is  offset  by 
the  larger,  central  double-panel  reproduction  of  a  Medieval  Soda 
Plant.  The  original  illustration  appears  in  the  Ve  Re  MetalUca 
of  Georg  Agricola,  who  records  the  following  self-explanatory 
description: 

The  solution  from  which  soda  (natron  or  hydrous  sodium 
carbonate)  is  obtained  is  made  of  sweet  water  percolated  tlirough 
earth  that  is  full  of  soda  or  lye  from  the  same  being  percolated 
through  oak  ashes.  Each  solution  is  caught  in  tubs  and  poured 
into  quadrangular  copper  caldrons  and  boiled  till  it  condenses 
to  soda.  Then  it  is  poured  out  into  casks  which  contain  copper 
wires,  to  which  the  soda  adheres  and  hardens  and  becomes 
copper-green,  or  what  we  call  borax,  to  use  a  Moorish  name. 
Pliny  tells  us  that  formerly  soda  was  mixed  with  copper  rust  and 
rubbed  with  copper  in  copper  mortars. 

The  third  and  fourth  or  the  latrochemical  and  Phlogiston 
Periods  in  the  History  of  Chemistry  are  practically  synchronous, 
extending  from  the  begirming  of  the  16th  to  nearly  the  19th 
century.  The  latrochemical  Period  is  marked  by  the  motive 
to  produce  and  investigate  medicinal  substances  by  chemical 
means,  and  the  production  of  chemical  compounds  in  the  search 
for  new  medicines,  rather  than  the  alchemical  search  for  the 
philospher's  stone  which  was  not,  however,  entirely  abandoned. 
The  philosopher's  stone  motive  became  the  elixir  vilae  motive. 
The  symbolism  described  is  typical  both  of  the  Alchemical  and 
latrochemical  Periods. 

The  Phlogiston  Period  is  marked  by  a  more  sincere  and  pre- 
cise search  for  chemical  truth,  and  especially  by  the  rise,  develop- 
ment and  fall  of  a  remarkable  theory  of  combustion  which  brought 
together  as  related  processes  a  number  of  diverse  phenomena 
that  at  first  appeared  to  have  nothing  in  common,  namely, 
combustion,  acidification,  respiration,  reduction,  and  the  solu- 
tion of  metals  in  acids.  All  combustible  substances  were  as- 
sumed by  G.  E.  Stahl  (1660-1734),  the  founder  of  the  phlogiston 
theory,  to  consist  of  the  product  of  combustion  plus  a  hypotheti- 
cal, inflammable  substance  termed  "phlogiston,"  which  cor- 
responded to  the  fire  matter  of  the  ancients  or  to  sulfur  of  the 
alchemists.  Substances  in  burning  lost  the  phlogiston.  La- 
voisier later  demonstrated  quantitatively  that  combustion  was 
due,  not  to  the  loss  of  phlogiston,  but  to  a  direct  combination 
of  the  combustible  substance  with  the  oxygen  of  the  air,  and  thus 
at  one  blow  overtlirew  the  phlogiston  theory  and  established 
the  oxygen  theory  of  combustion. 

The  symbol  for  phlogiston  is  near  the  center  of  the  fountain, 
below  the  symbols  for  the  four  elements  and  the  three  principles 
(Fig.  1)  and  above  Lavoisier's  famous  apparatus  in  which  the 
synthesis  and   analysis  of  mercuric  oxide  were  demonstrated. 
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A  word  of  appreciation  is  due  the  phlogiston  theory  for  the 
great  service  it  rendered  in  effecting  the  correlation  of  diverse 
phenomena  and  promoting  the  development  of  chemistry  along 
scientific  lines.  While  the  phlogiston  theory  was  radically 
wrong,  we  must  realize,  as  WhewcU  states,  that  "If  our  hy- 
pothesis renders  a  reason  for  the  agreement  of  cases  really  sim- 
ilar, we  may  afterwards  find  the  reason  to  be  false,  but  we  shall 
be  able  to  translate  it  into  the  language  of  truth." 

It  was  Anton  Laurent  Lavoisier  (1743-1794)  who  effected  this 
translation.     His  advent  and  achievements  mark  the  establish- 


the  constitution  of  matter  which  in  most  astonishing  respects 
agrees  with  many  of  our  modem  views.  But  the  fundamental 
distinction  between  the  ancient  and  the  modern  doctrines  lies 
in  the  fact  that  John  Dalton  (1766-1844)  transformed  mere 
qualilaltve  speculations  into  a  practical  quantitative  theory  by 
assuming  that  chemical  combination  occurs  between  simple 
numbers  of  elementary  atoms  of  fixed  characteristic  weight. 
This  conception  enabled  Dalton  to  explain  fully  the  fundamental 
laws  of  definite  or  fixed  composition  and  multiple  proportions. 
In  1803  Dalton  devised  a  symbolic  notation  for  the  elements  and 
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ment  of  chemistry  as  a  science,  to  which  he  contributed  more  than 
any  previous  investigator  through  quantitative  methods  of  pro- 
cedure. Lavoisier's  theories  and  works  initiate  the  fifth,  or  the 
Quantitative  Period,  in  the  history  of  chemistry.  Using  the  ap- 
paratus noted  in  the  small  panel  at  the  center  of  the  fountain — 
a  retort,  resting  on  a  charcoal  furnace,  with  a  curved  neck  com- 
municating with  a  bell  jar — Lavoisier  effected  the  quantitative 
synthesis  and  analysis  of  mercuric  oxide.  This  work  not  only 
established  the  oxygen  theory  of  combustion  but  demonstrated 
quantitatively  for  the  first  time  the  principle  of  the  conservation 
of  mass. 

In  relation  to  Lavoisier,  also  note  the  four  tiles  in  the  circular 
rim  of  the  drinking  basin  of  the  fountain,  which  illustrate  a 
special  glass  vessel  of  alchemical  origin  termed  a  "pelican"  and 
used  for  prolonged  heating  operations  involving  the  circulation 
and  condensation  of  vapors.  In  such  a  vessel,  formerly  used  as 
the  philosopher's  egg  in  which  alchemists  endeavored  to  generate 
the  philosopher's  stone,  Lavoisier  boiled  a  given  weight  of  pure 
water  for  100  days  and  demonstrated  that  the  earth  which  ap- 
peared in  this  water  was  from  the  disintegration  of  the  previously 
carefully  weighed  vessel,  and  not  due,  as  was  generally  believed, 
to  the  transmutation  of  water  into  earth.  This,  of  coiu-se,  un- 
dermined transmutation  ideas.  He  further  proved  that  water 
was  not  an  element,  but  a  compound  of  hydrogen  and  oxygen, 
and  defined  an  element  as  a  substance  which  we  have  not  as  yet 
been  able  to  resolve  into  other  substances. 

Brief  note  must  now  be  made  of  the  concomitant  rebellion 
against  the  Aristotelian  and  transmutation  doctrines  which  held 
sway  throughout  the  Alchemical,  latrochemical,  and  Phlogiston 
Periods.  Pronounced  instances  of  this  rebellion  became  common 
toward  the  end  of  the  17th  century  and  are  especially  noted  in 
the  works  of  Van  Helmont,  Francis  Bacon,  Rene  Descartes, 
Pierre  Gassendie,  Robert  Boyle,  and  Isaac  Newton,  most  of 
which  tended  strongly  toward  the  reestablishment  of  the  con- 
ceptions of  the  Greek  atomistic  philosophers,  Democritus, 
Epicurus,  and  Leucippus.     These  ancient  writers  held  a  view  of 


their  compounds,  which  was  both  qualitative  and  quantitative. 
A  circle  with  a  dot  at  its  center  stood  for  one  part  by  weight  of 
hydrogen.  A  plain  circle  stood  for  the  weight  of  oxygen  (5.66 
parts  according  to  Dalton)  which  combined  with  one  of  hydrogen. 
The  ten  circular  figures,  five  in  each  of  two  parallel  vertical  rows, 
one  row  on  each  side  of  the  fountain,  are  Dalton's  symbols  for 
the  most  common  elements:  on  the  left — oxygen,  iron,  calcium, 
sodium,  and  potassium;  on  the  right — magnesium,  hydrogen, 
carbon,  mercury,  and  sulfur. 

A  few  years  later  Berzelius  substituted  for  Dalton's  geometri- 
cal hieroglyphic  symbols,  the  more  convenient  and  simple  rep- 
resentation by  letters  now  universally  employed.  Dalton's 
criticism  of  Berzelius'  modification  of  his  symbols  is  quaint: 
"BerzeUus'  symbols  are  horrifying;  a  young  student  in  Chemistry 
might  as  soon  learn  Hebrew  as  make  himself  acquainted  with 
them." 

The  achievements,  both  theorerical  and  pracdcal,  of  the  pure 
and  applied  chemistry  of  the  Quantitative  Period  are  far  too 
numerous  and  extended  for  an  outline.  In  fact,  the  chemistry 
lecture  and  laboratory  courses  of  the  universities  of  both  hemi- 
spheres barely  begin toconvey  an  understanding  of  whatchemistry 
is  and  what  it  does.  Be  this  as  it  may,  the  fountain  recognizes 
the  function  of  chemistry's  two  foremost  instruments,  the  spec- 
troscope and  the  analytical  balance,  in  promoting  the  motive  of 
chemistry  and  other  nattiral  sciences.  This  motive,  the  motto 
of  the  fountain  in  the  central  horizontal  panel,  has  been  aptly  ex- 
pressed by  Galileo  Galilei,  the  inventor  of  the  astronomical  tele- 
scope, in  the  words,  "Let  us  remember,  please,  that  the  search 
for  the  constitution  of  the  world  is  one  of  the  greatest  and  no- 
blest problems  presented  by  nature."     (Fig.  2.) 

To  the  left  of  this  motto  is  the  spectroscope,  to  the  right 
the  analytical  balance.  The  use  of  the  spectroscope  in  con- 
junction with  the  astronomical  telescope  reveals  the  constiturion 
of  the  world.  Practically  every  element  known  in  the  earth 
has  been  identified  in  the  sun  and  in  various  heavenly  bodies 
through  spectro-photography  and  spectrum  analysis.     The  deli- 
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cacy  of  the  spectroscopic  test  is  the  most  extreme  known,  since 
it  reveals  the  presence  of  one  part  of  sodium  vapor  in  twenty 
billion  parts  of  air.  This  corresponds  to  our  being  able  to  de- 
tect a  fragment  of  common  salt  weighing  0.00000000001  oz.! 

On  the  other  hand,  the  advent  of  the  analytical  balance  en- 
abled chemistry  to  become  an  exact  science  since  through  its 
use  the  quantitative  composition  of  hundreds  of  thousands  of 
compounds  has  been  accurately  determined.  Specially  con- 
structed balances  rival  in  sensitiveness  the  extreme  delicacy  of 
the  spectroscope.  For  instance,  Ramsay  and  Gray  attacked  the 
problem  of  determining  the  relation  between  the  weight  of  an 
atom  of  the  radium  emanation,  niton,  and  one  of  the  rare  gases, 
argon.  This  necessitated  their  making  a  balance  capable  of 
displacement  from  the  central  or  zero  position  of  balance  when 
the  minute  load  of  a  hundred-thousandth  of  a  milligram  is  placed 
on  it.  This  amounts  to  0.00000004  oz.  Thus  Ramsay  and  Gray 
were  able  to  deal  with  a  very  tiny  bubble  of  niton  weighing  one 
fourteen-hundredth  of  a  milligram,  or  about  two-millionths  of 
an  ounce,  and  thereby  show  that  the  atomic  weight  of  niton  is 
about  222. 

These  facts  serve  to  indicate  how  the  spectroscope  and  the  bal- 
ance, only  two  of  the  chemist's  numerous  instruments,  aid  most 
substantially  in  the  search  for  the  constitution  of  the  world, 
which,  as  Galilei  states,  is  one  of  the  greatest  and  noblest  prob- 
lems presented  by  nature.  Undoubtedly,  the  extent  of  our 
knowledge    of   the   constitution   of  the  world   and   of  matter. 


which  also  implies  energy,  determines  the  extent  of  the  adapt- 
ability of  both  matter  and  energy  to  humanity's  needs. 

The  Alchemists  sought  to  make  gold;  the  latrochemists  to 
make  medicines;  the  Phlogistonists,  the  immediate  forerunners 
of  chemistry  as  a  quantitative  science,  sought  more  definitely 
for  truth  itself,  which  search  culminates  in  an  ethics  of  science. 
P.  V.  N.  Myers  in  his  "History  as  Past  Ethics"^  states  that 

Among  the  particular  virtues  which  science  has  fostered  is 
philosophical  veracity  or  love  of  truth.  .  .  The  man  of  science 
must  be  a  truth-lover,  a  truth-seeker,  and  a  truth-teller.  He 
must  take  ever>'  pains  to  find  out  what  is  the  exact  fact,  and 
then  make  a  scrupulously  veracious  report  of  what  he  has  found. 
It  has  in  the  creation  of  this  scientific  conscience,  which  pro- 
nounced the  habit  of  accuracy,  open-mindedness,  impartiality 
of  judgment,  love  of  truth  for  truth's  sake  a  supreme  virtue, 
that  science  has  rendered  one  of  its  greatest  services  to  morality. 

Thus  Chemistry,  pure  and  applied,  the  fundamental  science 
of  matter  and  energy  transformations,  may  promote  both  the 
physical  and  the  moral  welfare  of  mankind.  Its  symbolism, 
as  partially  portrayed  in  the  Rook  wood  fountain  herewith  de- 
scribed, readily  lends  itself  to  an  artistic  creation,  which,  it  is 
hoped,  will  commemorate  the  good  will  of  the  donors  of  the  foun- 
tain in  establishing  a  university  tradition  and  mark  a  unique 
achievement  in  ceramic  craftsmanship  serving  as  a  symbolic 
outline  of  the  history  of  chemistry. 

«Ginn   &  Co..   1913,   353. 


National  [Expcsition  of  Chemical 
Industries 

The  following  program  of  the  1022  Exposition  supplements 
that  given  in  the  August  issue  of  This  Journal  and  gives  the 
plans  as  far  as  they  have  been  completed.  The  dates  for  the 
meetings  of  the  various  chemical  organizations  are  still  only 
tentative. 

Monday.  .September  II  800  P  M  — OfTicial  Opening.  Grond  Central 
Palace  Auditorium.  Speakers,  Wayne  B.  Wheeler,  general  counsel  tor 
the  Anti-Saloon  League:  Charles  H.  Herty,  chairman  of  the  Exposition 
Committee  and  pre.iident  of  the  Synthetic  Organic  Chemical  Manufac- 
turers Association  of  the  United  States;  and  others. 

Tuesday,  September  12.  2:00  r.  M.— Program  will  probably  be  under  the 
direction  of  the  Synthetic  Organic  Chemical  Manufacturers  Association 
of  the  United  Stales. 

Wednesday,  September  13.  2:00  F.  M.— Program  under  the  direction  of  the 
Technical  Association  of  the  Pulp  and  Paper  Industry, 

Thursday,  September  14  2:00  r.  M— Program  under  the  direction  of  the 
Technical  Photographic  and  Microscopical  Society. 

Friday,  September  14.  2:00  r.  ««. — Program  under  the  direction  of  the 
American  Ceramic  Society. 

Friday  Evening  or  Saturday,  September  16. — A  Symposium  on  Standardiza- 
tion. 

All  portions  of  the  program  held  in  the  Grand  Central  Palace, 
with  the  exception  of  the  dinners  of  various  societies,  will  be  open 
to  all  visitors  at  the  Kxposition.  The  annual  dinners  of  the 
Salesmen's  Association  of  the  American  Chemical  Industry,  and 
also  that  of  the  American  Institute  of  Chemical  Engineers,  will  be 
held  on  Wednesday  evening,  Septctnl)er  13.  At  the  former, 
Hcrlicrt  Hoover.  Secretary  of  Commerce,  will  be  the  chief 
siK'akcr.  The  Alpha  Chi  Sigma  meets  informally  at  dinner  on 
Thursday,  Scptemlier  14. 

The  motion  picture  program  includes  the  following  in  addition 
to  thos-   prc\-iously  published: 

Th*  Story  of  Air  Redaction.     Courtesy  of  the  V.  S.  Bureau  of  Mines. 

The  Manufacture  of  Newsprint  Paper  at  the  Spanish  River  Pulp  and  Paper 

Company  Mills  in  Ontario.     Cnurtcsy  of  the  G    II    Mead  Company. 
The  Story  of  Rataral  Gas.     Courtciy  of  the  U  S   Kureau  of  Mines 
Dust  Biplosiona.     Courtesy  of  the  U.  S.  Iltireau  of  Chemistry. 


Protozoa  and  Rotifers:    Studies  in  Microscopic  Animal  Life.     Courtesy  of 

I'hilip  O.  GravcUe. 
Extinguishing  the  Largest  Oil  Fire  in  the  History  of  Casper,  Wyoming. 
Fire  Extinguishing  Tests  on  Blazing  Oil  Tanks  at  Port  Arthur,  Texas. 
The  All-Weather  Fire  Extinguisher  That  Won't  Freeze. 
An  Industrial  Firefoam  Sprinkler  System. 

The  last  four  iilms  are  the  courtesy  of  the  Foamite  Firefoam  Company. 
Protecting  Buildings  against  Lightning.      Courtesy  of  Baltimore  Copper 

Smelting  and  Rolling  Company. 

The  program  of  the  Technical  Association  of  Pulp  and  Paper 
Industry  and  the  Standardization  program  were  given  in  full  in 
August  issue  of  This  Journal. 

The  program  of  the  Technical  Photographic  and  Microscopical 
Society  is  as  follows: 

Photomicrography  in  Pulp  and  Paper  Research  Problems.  Mr.ss  E1.01SS 
CiiRRV  and  E.  M.  L>lijMiiR,  Forest  Products  Laboratory,  Madison,  Wis. 

The  Photomicroscopy  of  Paint  and  Rubber  Pigments.  Henry  Grbbn, 
New  Jersey  Zinc  Co  ,  Palnicrton,  Pa. 

The  Finishing  of  Motion-Picture  Films.  Dominic  S.  Mungii.i.o,  Crafts- 
men's Film  Laboratory,  New  York. 

Mechanics  of  Motion-Picture  Apparatus.  Clarkncb  W.  Gibbs,  Victor 
Animatograph  Co  ,  New  York. 

The  Motion  Picture  as  an  Aid  to  Industry.  Alfrbd  B.  Hitchins,  Direc- 
tor. Research  Laboratory,  Ansco  Co.,  Binghamton,  N.  Y. 

Microscopy  in  Leather  Tanning.  Guido  E.  Daub,  A.  F.  Gallun  Sons  Co., 
Milwaukee,  Wis. 

Use  of  the  Microscope  in  Textile  Work.  Albbrt  H,  Grimshaw,  Textile 
School,  New  Bedford,  Mass. 

Protozoa  and  Rotifers:  Studies  in  Microscopic  Animal  Life.  (Illustrated  by 
motion  pictures.)     Philip  O.  Gravblle,  .South  Orange,  N.  J.    . 


The  Federal  Trade  Commission  has  dismissed,  without  preju- 
dice to  its  right  to  institute  new  proceedings,  about  forty  com- 
plaints against  nationally  known  business  concerns  which  had 
licen  charged  with  maintaining  resale  prices  similar  to  those  in 
the  Becch-Kut  Packing  Case,  These  ca.ses  were  suspended 
until  the  determination  of  the  Beech-Nut  case,  and  in  view  of 
that  decision  and  the  age  of  the  cases  it  has  been  decided  to  dis- 
miss them  and  to  institute  new  proceedings  if  new  inquiries  show 
it  to  be  advisable. 
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WASHINGTON   NOTKS 


Alleged  Dye  Monopoly  Hearings 

The  much-discussed  and  long-awaited  hearings  before  a  sub- 
committee of  the  Committee  on  the  Judiciary,  United  States 
Senate,  pursuant  to  Senate  Resolution  77,  creating  a  special  com- 
mittee to  investigate  the  expenditures  made  in  behalf  of  various 
propaganda  and  in  the  maintenance  of  lobbies  in  Washington, 
have  appeared  under  the  caption  "Alleged  Dye  Monopoly," 
and  occupy  1485  pages  of  finely  printed  matter.  If  there  ex- 
ists a  doubt  in  the  mind  of  any  chemist  as  to  the  existence  of  a 
monopoly  in  the  domestic  dye  industry  he  should  get  a  copy  of 
these  hearings  and  inform  himself  as  to  the  true  condition  of 
affairs. 

The  hearings  were  begun  on  February  20,  continued  practically 
without  interruption  until  May  16.  and  were  finally  concluded  on 
June  3  when  the  committee  met  to  hear  some  supplementary  testi- 
mony. In  nearly  1500  pages  of  testimony  there  is  nothing  to  prove 
that  there  has  been  or  is  at  present  a  monopoly  in  the  dye  and  other 
branches  of  the  organic  chemical  industry  in  the  United  States. 
The  witnesses  were  examined  under  oath  and  waived  any  im- 
munity under  the  law.  The  chairman  of  the  subcommittee 
repeatedly  invited  cross-examination  of  the  witnesses,  but  it  is 
significant   that   in   no   instance  was   the   invitation  accepted. 

From  a  study  of  this  testimony  it  is  evident  that  a  grave  in- 
justice has  been  done  the  American  dye  industry  by  compelling 
the  most  prominent  members  of  the  industry  to  come  to  Washing- 
ton, often  at  great  personal  sacrifice,  expense  and  inconvenience, 
to  answer  trumped-up  charges  which  are  so  obviously  groundless 
and  without  foundation  as  to  be  absurd. 

What  Next? 

The  chemical  industry  seems  to  be  suffering  defeat  all  along 
the  line,  at  least  so  far  as  the  present  tariff  bill  is  concerned.  By 
a  vote  of  32  to  30,  the  Senate  rejected  the  recommendation  of 
the  Finance  Committee  to  place  a  duty  of  5  per  cent  ad  valorem 
on  chemical  wood  pulp  and  put  it  on  the  free  list.  Next  came 
potash.  Only  one  senator — Senator  Shortridge — voted  for  a 
tariff.  Senator  McCumber  then  introduced  an  amendment 
which  provided  for  a  diminishing  duty,  similar  in  all  respects  to 
the  tariff  originally  proposed  except  that  the  payment  was  trans- 
ferred from  the  consumer  to  the  U.  S.  Treasury.  This  amend- 
ment met  with  violent  opposition  on  the  floor  of  the  Senate  and 
was  rejected  by  a  vote  of  32  to  27.  This  means  that  potash  is 
keeping  company  with  wood  pulp  on  the  free  list.  Now  comes 
the  vote  on  white  arsenic  which  has  likewise  been  placed  on  the 
free  list.     We  cannot  refrain  from  asking  "What  next?" 

New  Chemical  Division 

One  of  the  chief  aims  of  the  newly  organized  Chemical  Divi- 
sion of  the  Department  of  Commerce  is  to  assist  American 
chemical  manufacturers  by  placing  at  their  disposal  accurate  and 
detailed  information  on  foreign  markets  for  their  products.  The 
following  branches  of  industry  will  be  handled  by  this  division: 

Chemicals,  general,  organic  and  inorganic. 
Dyes  and  coat-tar  chemicals. 
Pigments,  paints,  and  varnishes. 
Fertilizers  and  fertilizer  materials. 
Botanical  drugs,  pharmaceutical  and 
Essential  oils,  perfumery,  cosmetics. 
Explosives  and  fireworks. 

The  Department  of  Commerce  is  constantly  receiving  inquir- 
ies in  regard  to  the  introduction  of  American  products  into  various 
foreign  countries.  The  Chemical  Division  will  serve  as  a  medium 
to  bring  these  opportunities  promptly  to  the  attention  of  domes- 
tic concerns.  One  of  the  first  undertakings  of  the  division  will 
be  the  compilation  of  a  list  of  domestic  firms  interested  in  the 
development  of  foreign  trade.  This  list,  known  as  the  "Ex- 
porters Index,"  will  serve  as  the  basis  of  distribution  of  such  in- 
formation in  foreign  markets.  The  di^-ision  also  plans  to  organ- 
ize advisory  committees  for  each  of  the  various  branches  of  the 
chemical  industry  cooperating  with  the  Department.  In  the 
case  of  existing  trade  associations,  the  contact  with  the  industrj- 
will  doubtless  come  through  such  associations. 

The  division  will  welcome  suggestions  from  representatives  in 
the  industry  by  which  it  can  be  of  assistance  to  domestic  manu- 
facturers. 


edicinal  preparations, 
d  toilet  preparations. 


Census  of  Dyes  and  Other  Synthetic  Organic 
Chemicals,  1921 

The  United  States  Tariff  Commission  has  just  issued  as 
Tariff  Information  Series  No.  26,  a  "Census  of  Dyes  and  Other 
Synthetic  Organic  Chemicals,  1921."  There  is  included  in  this 
report  for  the  first  time  a  census  of  synthetic  organic  chemicals 
other  than  those  derived  from  coal  tar.  The  report  shows  a 
largely  reduced  output  of  dyes  in  1921.  This  relatively  limited 
production  more  nearly  represents  our  domestic  requirements,  for 
the  very  high  output  of  the  previous  year  was  coincident  with  a 
considerable  export  trade  of  the  United  States.  This  reduced 
output  in  1921  may  be  accounted  for  by  (1)  the  loss  of  most  of 
our  export  trade,  (2)  the  large  stocks  carried  over  from  the  pre- 
vious year,  and  (3)  the  general  business  depression. 

Congress  Petitioned 

The  Synthetic  Organic  Chemical  Manufacturers  Association 
of  the  United  States  held  a  meeting  in  New  York  on  August  4 
for  the  purpose  of  discussing  the  situation  now  facing  the  Ameri- 
can dye  and  organic  chemical  industr>'  as  a  result  of  the  action  of 
the  Senate  in  striking  out  of  the  tariff  bill  the  protection  proposed 
in  the  bill  as  submitted  by  the  Finance  Connnittee.  As  a  result 
of  an  all-day  discussion,  the  following  petition  was  imanimously 
signed  and  forwarded  to  Senator  McCumber,  chairman  of  the 
Finance  Committee,  and  to  the  other  members  of  the  Committee: 

"At  a  meeting  of  the  Synthetic  Organic  Chemical  Manufacturers 
Association  of  the  U.  S.,  held  at  New  York,  August  4,  1922,  the 
manufacturers  of  dyes,  drugs  and  other  organic  chemicals, 
gave  consideration  to  the  serious  danger  that  threatens  their 
industry  by  reason  of  the  defeat  of  the  Dye  and  Chemical 
Control  Act  in  the  Senate,  July  15.  They  now  respectfully 
petition  the  Finance  Committee  to  take  such  action  as  may  be 
appropriate  to  reinstate  the  clauses  in  the  Tariff  Act  stricken  out 
by  the  Senate's  action.  They  repeat  what  they  have  heretofore 
testified  to  before  your  Committee,  that  nothing  less  than  the 
provisions  of  the  Dye  and  Chemical  Control  Act  will  adequately 
protect  their  industry;  that  no  specific  or  ad  valorem  rates  will 
prevent  the  German  Kartel  from  regaining  absolute  control  of  the 
American  organic  chemical  market ;  and  that  the  manufacture  of 
dyes,  medicinals,  and  other  organic  chemicals  can  no  longer  be 
maintained  in  this  country  without  the  legislative  protection 
heretofore  advocated  by  your  Committee  after  thorough  in- 
vestigation of  all  the  facts." 
August  10,  1922 


Calendar  of  Meetings 

American   Chemical   Society — 64th   Meeting,    Pittsburgh,    Pa., 

September  4  to  9,  1922. 
Eighth  National  Exposition  of  Chemical  Industries — New  York, 

N.  Y.,  September  11  to  16,  1922. 
American   Electrochemical   Society — 42nd   Meeting,    Montreal, 

Canada,  September  21  to  23,  1922. 
American  Institute  of  Mining  and  Metallurgical  Engineers — 

126th  Meeting,   San  Francisco,  CaUf.,  September  25  to  29, 

1922. 
American    Society    for    Steel    Treating — Convention,    Detroit, 

Mich.,  October  2  to  7,  1922. 


Paris  Letter — Correction 

In  the  letter  from  Mr.  Charles  Lormand  appearing  in  the 
August  issue  of  This  Journal  under  the  above  title,  the  follow- 
ing correction  is  to  be  made  on  page  750: 

In  the  paragraph  on  "The  Commission  on  Chemical  Period- 
icals" omit  the  expression  reading,  "(1)  The  abbreviations 
used  by  Chemical  Abstracts  are  not  desired"  and  substitute  there- 
for the  following:  "For  all  abbreviations  of  titles  of  periodicals 
the  abbreviations  utilized  by  Chemical  Abstracts  are  to  be  adopted." 
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BOOK  REVIEWS 


Fluidity  and  Plasticity.  By  E.  C.  Bingham.  (International 
Chemical  Series.)  Cloth  8'/.  X  5'/s,  xii  +  440  pp.,  96  illus- 
trations. McGraw-Hill  Book  Co.,  Inc.,  New  York,  1922. 
Price,  $4.00. 

In  1914  Dunstan  and  Thole  could  cover  the  relation  between 
viscosity  and  chemical  composition,  and  related  subjects,  in 
89  pages,  while  Bingham,  largely  on  account  of  his  own  pioneer 
work  in  plasticity,  now  needs  429  pages.  Bingham's  predilec- 
tion for  fluidity  makes  him  less  thorough  in  considering  the 
technical  measurement  of  high  viscosities.  Thus  (p.  35)  there 
is  no  reference  to  the  change  in  critical  velocity  with  the  length 
of  capillary,  and  (p.  69)  the  directions  for  selecting  a  viscometer 
do  not  apply  to  oils,  for  which  the  maximum  viscosity  must  be 
considered.  The  statement  (p.  233)  that  the  rate  of  flow  through 
an  orifice  is  independent  of  the  fluidity  is  evidently  inapplicable 
to  liquids  of  high  viscosity.  The  conclusion  (p.  29)  is  also  open 
to  question,  that  as  the  Couette  correction  has  no  definite  value 
it  is  unnecessary  to  determine  where  it  should  be  applied.  The 
value  has  been  found  to  vary  with  the  conditions,  although  the 
average  value  may  approach  zero.  (W.  F.  Higgins,  "Collected 
Researches,"  National  Physical  Laboratory;  Bureau  of  Stand- 
ards, Technical  Paper  112.)  When  the  Couette  correction  is 
ignored,  an  accuracy  of  0.1  per  cent  (p.  65)  caimot  be  obtained 
without  an  excessively  long  capillary,  even  if  other  errors  are 
assumed  negligible. 

The  reader  who  is  interested  in  plasticity  should  perhaps  con- 
sult the  original  papers  and  form  his  own  judgments.  (The 
bibliography  of  82  pages  should  prove  of  great  value  for  this 
and  other  purposes.)  Bingham's  contention  (p.  225)  that  con- 
ditions should  be  controlled  so  that  all  the  observed  points 
lie  on  a  straight  line,  is  a  help  as  far  as  calculation  is  concerned, 
but  may  lead  to  misinterpretation  if,  as  Buckingham  has  in- 
dicated, there  are  three  properties  of  the  material  to  be  measured, 
just  as  the  assumption  of  the  one  property  of  "viscosity"  for  a 
plastic  material  has  caused  endless  confusion. 

WiNSLOW  H.  Herschkl 


Colloid  Chemistry  of  the  Proteins.  Part  I.  By  Wolfgang 
Pauli,  translated  by  P.  C.  L.  Thorne.  Cloth,  8'/j  X  5'A, 
xii  +  140  pp.  P.  Blakiston's  Son  &  Co.,  Philadelphia,  1922. 
Price,  $2  25  net. 

This  book  is  the  first  part  of  a  small  volume  developed  from 
lectures  delivered  during  the  winter  of  1912-13  and  from  such 
work  of  others  as  seemed  desirable  to  the  author  in  rounding 
off  the  presentation.  Part  11  is  scheduled  to  appear  within  a 
year. 

After  a  brief  introduction  to  colloid  chemistry,  the  author 
treats  the  soluble  proteins,  in  particular  the  albumins,  as  amplio- 
tcric  electrolytes,  each  having  two  mean  ionization  constants, 
one  B5  an  acid  and  the  other  as  a  base,  which  characterize  it. 
Tbi.s  \  icw  forms  the  basis  of  a  very  illuminating  discussion  on  the 
bchavjrir  of  albumins  in  solutions  of  acids  and  bases  and  at  the 

isoelf  ctric  p-^—'      ' ■    taken  with  Robertson's  view  that  both 

ions  ■>(  Hl  1  vroteins  in  such  manner  that  two  pro- 

tein ions.  (■•  :;.|  one  negative,  are  formed.     Electro- 

phoresis cxiHiimuit.s  ..i.  ilbuniin  solutions  show  only  positively 
charged  protein  ions  in  acid  solution  and  negatively  charged  ones 

in  alkaline  soluti..;.      -  in  state  undergone  by  alkaline 

solutions  of  proi.  .,i  tj,nc  arc  attributed  to  a  re- 

arrangenunt  ot  i'  ..-v  from  the  koto  to  tli,    .,,,,1 


form.     The  book  closes  with  an  interesting  discussion    of    the 
migration  velocity  of  protein  ions. 

With  the  rise  of  colloid  chemistry,  it  has  become  evident  that 
the  reactions  of  the  proteins  follow  well-known  laws  of  physical 
chemistry.  Since  the  author  appreciates  this,  it  is  regrettable 
that  he  is  not  more  thoroughly  familiar  with  the  works  of  Proc- 
ter and  Loeb,  which  would  have  enabled  him  to  avoid  dependence 
upon  the  assumption  that  low  concentrations  of  electrolyte 
markedly  repress  the  ionization  of  protein  salts  or  that  increased 
viscosity  of  protein  solutions  is  necessarily  due  to  the  hydration 
of  protein  ions.  However,  the  remarkably  clear  presentation 
of  certain  phases  of  the  subject  establishes  the  book  as  a  valuable 
contribution  to  the  literature  on  the  physical  chemistry  of  the 
proteins. 

John  Arthur  Wilson 


Reports  of  the  Progress  of  Applied  Chemistry.  Issued  by  the 
Society  of  Chemical  Industry.  Vol.  VI,  1921.  625  pp. 
Society  of  Chemical  Industry,  Central  House,  46/47  Finsbury 
Square,  London,  E.  C.  2. 

This  publication,  now  appearing  for  the  sixth  consecutive 
year,  has  proved  itself  a  most  welcome  friend  to  one  who  would 
keep  himself  informed  of  what  is  going  on  in  the  many  fields  of 
chemical  activity.  No  one  can  hope  to  cover  all  the  fields  and 
often  his  own  specialty  is  all  he  can  hope  to  do  in  detail.  But 
here  some  twenty-six  subjects  are  covered  by  as  many  different 
specialists  who  have  assembled  a  valuable  r^sum^.  Not  only 
is  the  literature  covered  broadly  from  English,  American,  French, 
German,  and  other  sources  but  references  are  given  to  the  patent 
literature  and  to  patents  issued. 

In  many  chapters  the  plan  of  review  is  systematic,  broad, 
and  comprehensive  in  its  arrangement  and  execution.  The 
extent  of  the  field  that  is  covered  is  shown  by  the  following 
chapter  headings :  Plant  and  Machinery ;  Fuel ;  Gas,  Destructive 
Distillation,  Tar  Products;  Mineral  Oils;  Coloring  Matters  and 
Dyes;  Fibers,  Textiles,  Cellulose  and  Paper;  Bleaching,  Dyeing, 
Printing,  and  Finishing;  Acids,  Alkalies,  Salts,  etc.;  Glass; 
Refractory  Materials;  Ceramics  and  Building  Materials;  Iron 
and  Steel;  Metallurgy  of  the  Nonfcrrous  Metals;  Electrochemi- 
cal and  Klectrometallurgical  Industries;  Oils,  Fats  and  Waxes; 
Paints,  Pigments,  Varnishes  and  Resins;  India  Rubber;  Leather 
and  Glue;  Soils  and  Fertilizers;  Sugars,  Starches  and  Gums; 
Fermentation  Industries;  Foods;  Sanitation  and  Water  Puri- 
fication; Fine  Chemicals,  Medicinal  Substances,  Essential  Oils; 
Photographic   Materials  and   Processes;  Explosives. 

A  chapter  headed  Analytical  Chemistry  that  appeared  in 
last  year's  Reports  is  omitted  this  year  (1922),  and  the  heading 
heretofore  Agricultural  Chemistry  has  been  changed  to  Soils 
and  Fertilizers,  although  the  subject  matter  is  along  the  lines  of 
the  previous  chapters  on  Agricultural  Chemistry  in  preceding 
volumes.  At  the  conclusion  of  the  subject  matter  are  two  in- 
dexes— one  a  name  index,  the  other  a  subject  index,  c.kIi 
apparently  quite  complete  and  correct. 

Not  only  is  the  book  interesting  even  to  one  with  a  slight 
knowledge  of  chemistry  and  its  application  to  the  arts  and  manu- 
factures, but  to  the  various  specialists  in  many,  if  not  in  all, 
subjects  there  will  be  some  hint  or  suggestion  of  a  new  fact 
or  discovery. 

Altogether  it  is  a  worth-while  book  which  ought  to  be  widely 
distributed  in  chemical  libraries,  and  the  equal  of  its  predecessors. 

R.  L.  Emerson 
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Industrial  Oil  Engineering,  Lubrication  and  Industrial  Oil  Sec- 
tion. By  John  Rome  IJattuE,  H.Sc.  in  M.E.  1131  pp. 
J.  B.  Lippincott,  Philadelphia  and  London,  1920.  Price, 
$10.00. 

This  reference  book  contains  a  collection  of  tables  and  mis- 
cellaneous data  relating  to  industrial  oils,  mainly  lubricants. 
Although  the  reviewer  realizes  the  great  labor  and  difficulties 
connected  with  the  compilation  of  data  from  numerous  sources, 
he  feels  that  the  value  of  the  book  would  have  been  considerably 
increased  if  more  care  had  been  used  in  the  selection  and  arrange- 
ment of  the  material.  Some  of  this  is  of  very  doubtful  value, 
as,  for  instance,  the  obsolete  and  partly  incorrect  conversion  table 
for  weights  and  measures  (p.  26).  It  may  be  interesting  to  know 
the  method  used  by  African  natives  to  produce  palm  oil  (p.  252), 
or  the  color  of  the  funnels  of  the  Cunard  line  steamers  (p.  781); 
to  the  reviewer,  however,  these  matters  appear  irrelevant  to  the 
subject  of  the  book,  and  the  space  might  have  been  better 
occupied,  for  instance,  by  a  definition  of  kinematic  viscosity, 
repeatedly  mentioned  in  the  book. 

A  good  many  repetitions  and  duplications  are  found  in  the 
book,  which  tend  to  swell  the  volume  and  hide  its  good  points. 
Thus,  the  Conradson  carbon  test  is  described  three  times,  twice 
at  page  322  and  again  at  page  1051 .  That  sodium  and  potassium 
hydroxides  are  known  as  alkalies,  is  pointed  out  twice,  on  pages 
230  and  876. 

More  serious  than  the  above  are  some  statements  that  are 
directly  misleading:  Temporary  hardness  of  water  is  ascribed 
to  calcium  and  magnesium  carbonates  (p.  73).  Pale  paraffin 
oil  (mineral  soap  oil)  is  declared  on  page  876  to  be  capable  of 
neutralizing  an  amount  of  caustic  or  carbonate  in  the  soap  kettle. 

The  book  will  be  found  useful  in  many  respects,  despite  short- 
comings of  the  kind  mentioned  above,  which  should  be  eliminated 
in  a  future  edition.  The  printing  and  other  mechanical  features 
of  the  book  are  excellent. 

Synthetic  Tannins:  Their  Synthesis,  Industrial  Production  and 
Application.  Georg  Grasser,  Lecturer  in  Tanning  Chem- 
istry at  the  German  Technical  College,  Brunn.  Translated 
into  English  by  F.  G.  A.  Enna.  viii  +  143  pp.  D.  Van 
Nostrand  Co.,  New  York,  1922.     Price,  $4.00. 

The  German  edition  of  this  useful  book  was  written  in  1920  by 
Grasser,  who  should  be  an  authority  on  syntans  as  a  result  of  his 
work  in  this  field  for  the  Badische  Anilin  und  Soda-Fabrik. 

Syntans  have  received  considerable  attention  since  the  Great 
War.  There  is  no  doubt  that  syntans  were  "life-savers"  to 
German  leather  manufacture  when  the  Central  Empires  were 
cut  off  from  sources  of  vegetable  tanning  materials.  In  the 
author's  German  preface  is  stated,  "Just  as  in  the  case  of  the 
coal-tar  dyes,  the  synthetic  tannins  will  make  us  independent 
of  foreign  supplies,  and  thus  keep  within  our  borders  the  vast 
sum  of  money  required  in  former  days  for  the  purchase  of  foreign 
tanning  materials." 

The  book  is  divided  into  two  parts.  Part  I,  consisting  of  77 
pages,  deals  with  (a)  synthesis  of  vegetable  tannins  and  depsides, 
(6)  synthesis  of  tanning  matters  by  condensation  of  phenols, 
hydroxybenzenes,  naphthalene  derivatives,  and  the  anthracene, 
and  di-,  and  triphenylmethane  groups,  (c)  tanning  effects  of 
mixtittes  and  natural  products,  and  (d)  methods  of  examination 
of  tanning  matters.  Part  II,  60  pages,  deals  with  syntans, 
predominately  Neradol  D,  their  industrial  production,  appli- 
cation, and  properties. 

A  number  of  syntans  are  not  mentioned,  but  it  is  natural,  in 
view  of  the  author's  connection,  that  Badische  products  should 
be  discussed  to  the  exclusion  of  other  manufacturers'  products. 

This  book  contains  much  information  that  is  useful  for  the 
practical  tanner  as  well  as  for  the  tannery  and  organic  chemist. 

A.  W.  Thomas 


Fuel  and  Refractory  Materials.  By  A.  HumdoldT  Sexton, 
F.I.C.,  F.C.S.,  completely  revised  and  enlarged  by  W.  B. 
Davidson,  D..Sc.,  Ph.D.,  F.I.C.     382  pp.,   HI  illustrations. 

D.  Van  Nostrand  Co.,  New  'Vork,  1921.     Price,  $4.00. 
Whoever  undertakes  to  write  a  book  on  industrial  chemistry 

in  any  of  its  phases  must  meet  squarely  the  task  of  describing 
up-to-date  practice,  for  by  so  much  as  he  fails  in  this  his  labor 
is  in  vain.  In  "Fuel  and  Refractory  Materials"  the  reviser 
seems  to  have  had  indifferent  success  in  this  respect.  Though 
a  Briton  and  stressing  British  methods,  he  strives,  apparently,  to 
be  eclectic  in  the  treatment  of  his  subject,  and  the  best  general 
practice  must  therefore  Ik  the  basis  for  judging  his  book. 

American  charcoal  manufacture  is  discussed  from  the  stand- 
point of  a  method  used  in  1876  employing  the  bee-hive  type  of 
oven;  no  reference  is  made  to  the  modem  continuous  retort  oven 
with  its  extensive  plant  for  the  treatment  of  by-products.  The 
only  journal  reference  is  dated  1883. 

The  subject  of  powdered  fuel  is  given  a  short  paragraph  in 
description  of  experimental  work  done  between  1873  and  1890. 
Is  it  possible  that  the  author  has  not  heard  of  the  tremendous  de- 
velopment of  this  branch  of  fuel  technology  since  that  period.' 
With  one  exception  the  methods  of  coal  ealorimetry  given  are 
obsolete,  or  should  be  at  least.  The  Berthelot-Mahler  is  illus- 
trated with  a  cut  of  one  of  the  crude  early  forms  of  this  instrument. 

Shale  oils  and  distilled  petroleums  are  given  half  a  page  each, 
mention  being  confined  to  Scotch  shales  and  to  Pennsylvania  and 
Baku  crudes,  respectively,  while  under  the  head  of  motor  spirit 
nothing  is  said  of  cracking  processes.  Recent  views  of  the  con- 
stitution of  coal  and  some  modern  theories  of  the  chemistry  of 
coking  "have  not  been  incorporated,  as  it  is  felt  that  these  sub- 
jects are  still  in  their  infancy." 

In  spite  of  many  excellent  features  of  the  book,  the  reviewer 
feels  that  without  liberal  use  of  the  blue  pencil  in  the  hands  of 
the  instructor  it  cannot  be  used  as  a  textbook  for  students; 
as  a  reference  book  for  the  industries,  it  is  on  the  whole  too  su- 
perficial to  be  of  great  value.  jj.  L.  Olin 

Metric  System  for  Engineers.  By  Charles  B.  Clapham, 
Lecturer   in   Engineering,   University   of    London.     181    pp. 

E.  P.  Dutton  &  Co.,  New  York,  1922.     Price,  $6.00. 

This  book,  as  the  author  states  in  his  preface,  is  designed  to 
offer  a  thorough  exposition  of  the  metric  system,  particularly  as 
it  is  met  with  in  engineering  calculations  and  measurements. 
After  an  introduction,  in  which  the  fundamental  principles  of 
the  system  are  explained,  the  measurements  of  length,  area, 
volume,  and  weight  are  fully  treated  in  separate  chapters.  Well- 
arranged  tables  of  equivalents  are  given  in  each  topic,  together 
with  numerous  practical  problems,  showing  how  the  metric  sys- 
tem is  employed  in  a  great  variety  of  engineering  calculations. 
A  chapter  is  devoted  to  measurements  of  energy  and  work, 
acceleration,  power  and  heat,  in  which  appear  the  less  common 
units  of  measurement,  which  are  often  confusing  to  those  who 
are  unacquainted  with  their  derivation.  The  last  chapter 
presents  an  impartial  review  of  the  controversy  which  has  arisen 
in  England  and  the  United  States  over  the  adoption  of  the  metric 
system.  Such  topics  as  the  complexity  of  the  present  English 
system,  the  origin  and  growth  of  the  metric  system,  its  present 
position  in  Great  Britain  and  in  this  country,  and  the  important 
question  of  the  practicability  of  its  adoption  are  treated  in  a 
very  interesting  manner.  In  spite  of  the  apparent  painstaking 
effort  of  the  author  to  present  both  sides  of  the  question  from  the 
viewpoint  of  an  engineer,  this  chapter  as  a  whole  presents  one 
of  the  best  general  arguments  for  the  adoption  of  the  metric 
system  which  the  reviewer  has  seen.  A  careful  reading  of  the 
book  reveals  very  few  typographical  or  other  errors.  It  will  be 
especially  useful  to  all  who  are  not  fully  acquainted  with  the 
system  and  who  have  occasion  to  apply  it  in  engineering  or  other 
industrial  lines  of  work.  Robert  E.  Swain 
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steel:  Rapid  Methods  for  the  Determination  of  Chromium  in  Steel.     A. 

S.  TowNSBND.      Forging  and    Heal   Treating.  Vol.  8  (1922),  No.  7,  pp. 
304-05. 

Vanillin:  La  Vanilline.  P.  Alk.xandrb  and  J.  Martinbt.  Chimie  el 
Industrie,  Vpl.  7  (1'.122),  No.  0,  pp.  1043-50. 

Waterproofing  by  Electricity.  Ismar  Ginsbkro.  Color  Trade  Journal, 
Vol.  11  (1922),  No.  1,  pp    1-0. 

QOVERMMENT    PUBLICATIONS 

Notlco — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  or  De- 
partment from  which  they  originate. 

Bureau  of  Chemistry 

The  Bureau  of  Chemistry  of  the  Department  of  Agriculture.  Organization, 
Enforcement  of  Food  and  Drugs  Act,  Enforcement  of  Tea  Act,  Research 
Work.      Department    Circular    137,   revised.     23   pp.     Paper,    5   cents. 

Home  Tanning.  R.  W.  Frby,  I.  D.  Clarkb,  and  F.  P.  Veitch.  De- 
partment  Circular  230.     22   pp.     Paper,   5  cents.     Issued   July    1922. 

Bureau  of  Foreign  and  Domestic  Commerce 

Copra  and  Coconut  Oils  in  Netherlands,  East  Indies  and  British  Malaya. 
J.  A.  Fowler.  Trade  Information  Bulletin  34.  Foodstuffs  Division. 
Published  June  19,   1922.     12  pp. 

Finland's  Paper  and  Pulp  Industries.  L.  A.  Davis.  Trade  Information 
Bulletin    33.     Paper    Division.      12    pp.     Published    June    19,    1922. 


Bureau  of  Mines 

Application   of  the  Geophone  to    Mining   Operations.     Alan    Leighton. 

Technical  Paper  277.     33  pp.     Paper,  10  cents. 
Coal-Mine  Fatalities  in  the  United  States  1921.     W.W.Adams.    Technical 

Paper  302.     72  pp.      Paper,  10  cents. 
Determination  of  Suspended  Matter  in  Gases  by  Collection  on  Filter  Paper. 

S.  H  Katz  and  G.  W.  Smith.      Reports  of  Investigations  2378.     6  pp. 

Issued    July    1922. 
Explosives  Used  in  May  1922.     W.  W.  .A.dams.     Reports  of  Investigations 

2376.     5  pp.     Issued  July  1922. 
Factors  in  the  Spontaneous  Combustion  of  Coal.     O.  P.  Hood.     Technical 

Paper   311.     9  pp.      Paper,   5  cents. 

Bureau  of  Standards 

Durability  of  Cement  Drain  Tile  and  Concrete  in  Alkali  Soils.  Third 
Progress  Report  1919-1920.  G.  M.  Williams  in  cooperation  n-ith  R.  J. 
Wig.  S.  H.  McCrory,  E.  C.  Bebb,  L.  R.  Ferguson,  C.  J.  Mackenzie, 
D.  A.  Abrams  and  G.  E.  Warren.  Technologic  Paper  214.  32  pp. 
Paper,  10  cents. 

United  States  Government  Specification  for  Green  Paint,  Semipaste  and 
Ready  Mixed,  Federal  Specifications  Board,  Standard  Specification  15. 
Officially  Adopted  by  Federal  Specifications  Board,  February  3,  1922, 
for  Use  of  Departments  and  Independent  Establishments  of  the  Govern- 
ment in  the  Purchase  of  Materials  Covered  by  It.  Circular  97.  2nd  ed. 
10  pp.     Paper,  5  cents. 

United  States  Government  Specification  for  Red  Lead,  Dry  and  Paste, 
Federal  Specifications  Board,  Standard  Specification  11.  Officially 
Adopted  by  Federal  Specifications  Board  February  3,  1922,  for  Use  of 
Departments  and  Independent  Establishments  of  the  (government  in  the 
Purchase  of  Materials  Covered  by  It.  Circular  90.  2nd  ed.  8  pp. 
Paper,  5  cents. 

Bureau  of  the  Census 

Gypsum:  14th  Census  of  the  United  States:  Mines  and  Quarries,  1919. 

Prepared  under  the  supervision  of  E.  F.  Hakley  by  F.  J.  Eatz.     10  pp. 

1922. 
Stone:  14th   Census   of  the   United   States:  Mines  and    Quarries,    1919. 

Prepared  under  the  supervision  of  E.  F.  Harley  by  F.  J.  Katz.     31  pp. 

1922. 
Turpentine  and  Rosin:  14th  Census  of  the  United  States:  Forest  Products, 

1919.     Prepared  under  the  supervision  of  E.  F.  Harley.     10  pp.     1922. 

Congress 

Alleged  Dye  Monopoly.  Hearings  before  a  subcommittee  of  the  Committee 
on  the  Judiciary,  United  States  Senate,  pursuant  to  S.  Res.  77  creating  a 
special  committee  to  investigate  the  expenditures  made  in  behalf  of  various 
propaganda  and  in  the  maintenance  of  lobbies  in  Washington.  1485  pp. 
1922. 


Linseed  Oil.  A  bill  to  provide  for  an  emergency  tariff  to  be  levied  on  all 
linseed  oil  coming  into  the  United  States  from  foreign  countries,  and  for 
other  purposes.  Introduced  by  Mr.  Ladd,  July  12,  1922,  and  referred 
to  the  Committee  on  Finance.     5.  3814.     2  pp. 

Muscle  Shoals.  Hearings  before  the  Committee  on  Agriculture  and  Fores- 
try United  States  Senate  on  S.  3420  to  provide  for  the  manufacture  of 
explosives  for  the  use  of  the  Army  and  Navy,  to  provide  for  the  manu- 
facture of  fertilizer  for  agricultural  purposes,  to  incorporate  the  Federal 
Chemical  Corporation,  and  for  other  purposes;  and  on  the  Henry  Ford 
Muscle  Shoals  offer;  offer  made  by  the  Alabama  Power  Co.,  proposing  to 
complete  Wilson  Dam;  offer  of  Frederick  E.  Engstrum  for  Muscle  Shoals; 
and  offer  of  Charles  L.  Parsons  for  properties  at  Muscles  Shoals,  Ala. 
Part    4.     346    pp.      1922. 

Muscle  Shoals.  Minority  views  to  accompany  H.  R.  11903  (to  authorize 
the  Secretary  of  War  to  sell  to  Henry  Ford  nitrate  plant  numbered  1, 
at  Sheffield,  Ala.,  nitrate  plant  numbered  2,  at  Muscle  Shoals,  Ala.,  Waco 
quarry,  near  Russellvillc,  Ala.,  and  to  lease  to  corporation  to  be  incor- 
porated by  him  dam  numbered  2  and  dam  numbered  3  (as  designated  in 
H.  Doc.  1262,  64th  Congress,  1st  session),  including  power  stations  when 
constructed  as  provided  herein).  Submitted  by  Mr.  Kearns  June  20, 
1922.     H.  Rp.  1084.     Part  2.     12  pp 

Geological  Survey 

Advance  Statement  of  the  Production  of  Copper  in  the  United  States  in  1921. 

H.  A.  C.  jENisoN.     4  pp.     1922. 
Asbestos  in  1920.     Edward  Sampson.     Separate  from  Mineral  Resources 

of  the  United  States,  1920,  Part  2.      14  pp.     Published  July  7,  1922. 
Asphalt   and   Related   Bitumens   in    1921.     K.    W.    Cottrbll.     Separate 

from  Mineral  Resources  of  the  United  States,  1921,  Part  2.  7  pp.  Published 

July  26,   1922. 

Carbon  Black  Produced  from  Natural  Gas  in  1921.  E.  G.  Sisvsks.  Sepa- 
rate from  Mineral  Resources  of  the  United  States,  1921,  Part  2.  S  pp. 
Published    July    5,    1922. 

Fluorspar  and  Cryolite  in  1921.  H.  W.  Davis.  Separate  from  Mineral 
Resources  of  the  United  States,  1921,  Part  2.  12  pp.  Published  July  6, 
I92I. 

Fuller's  Earth  in  1921.  Jepperson  Middleton.  Separate  from  Mineral 
Resources  of  the  United  States,  1921,  Part  2.  2  pp.  Published  June  16, 
1922. 

Gold  and  Silver  in  1920  (General  Report).  J.  P.  Dhnlop.  Separate  from 
Mineral  Resources  of  the  United  States,  1920,  Part  1.  38  pp.  Pub- 
lished June  23,  1922. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  Colorado  in  1920.     Mines  Report. 

C.  W.    Henderson.     Separate   from   Mineral   Resources  of  the   United 
States,  1920,  Part  1.     31  pp.     Published  July  6,  1922. 

Lead  and  Zinc  Pigments  and  Salts  in  1921.     C.  E.  Siebenthal  and  A.  Stoll. 

Separate   from    Mineral   Resources  of  the  United  States,   1921,   Parti. 

8  pp.      Published  July  10,  1922. 
Manganese  and  Manganiferous  Ores  in  1921.     H.  A.  C.  Jsnison.     Sepa- 
rate from  Mineral  Resources  of  the  United  States,  1921,  Part  1.     10  pp. 

Published    July    8,    1922. 
Phosphate    Rock   in    1921.     K.    W.    Cottrell.     Separate   from    Mineral 

Resources  of  the  United  States,  1921.     4  pp.     Published  July  11,  1922. 
Potash  in  1921.     M.  R.  NotmsE.     Separate  from  Mineral  Resources  of  the 

United  States,  1921,  Part  2.     13  pp.     Published  July  10,  1922. 
Slate  in  1921.     G.  F.  Loughlin  and  A.  T.  Coons.     Separate  from  Mineral 

Resources  of  the  United  States,  1921,  Part  2.     8  pp.     Published  June  29, 

1922. 

Public  Health  Service 

A  Source  of  Lead  Contamination  of  Cistern  Water.  Report  of  an  Exami- 
nation of  the  Drinking  Water  Supply  System  at  the  U.  S.  Fish  Hatchery 
Station,  Ten  Pound  Island,  Gloucester,  Mass.,  for  Possible  Sources  of 
Lead  Contamination.  Leonard  Greenburg.  Public  Health  Reports 
37  (July  28,  1922),  1825-9. 

Control  of  Drinking  and  Culinary  Water  on  Vessels  in  Interstate  Traffic. 
The  Supervision  and  Control  of  Water  Provided  for  Drinking  and  Culinary 
Purposes  on  Vessels  Operating  in  Interstate  Traffic  on  the  Great  Lakes 
and  Ohio  River  during  the  Navigation  Season  of  1921,  as  Exercised  by 
the  United  States  Public  Health  Service  in  Cooperation  with  State  and 
Local  Health  Authorities.  A.  E.  Gorm.an.  Public  Health  Reports  37 
Qune    30,    1922),    1573-80. 

The  Relative  Parasiticidal  Value  of  Arsphenamine  and  Neoarsphenamine. 
With  a  Description  of  the  Trypanocidal  Test.     Caiu,  Voegtltn    and 

D.  W.  Miller.     Public  Health  Reports  37  (July  7,  1922),  1627-^1. 

Tariff  Commission 

Census  of  Dyes  and  Other  Synthetic  Organic  Chemicals,  1921.  Tariff 
Information  Series  26.     174  pp.     Paper,  15  cents.     1922. 
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Chemical  prices  generally  are  extremely  ner\'ous  and  several 
important  items  have  been  sharply  advanced  during  the  month 
past.  The  gradual  absorption  of  the  government  surplus  stocks 
of  phenol  has  finally  resulted  in  an  acute  shortage  and  prices  are 
extremely  firm.  Nothing  better  than  15  cents  per  pound  could  be 
done  after  August  first  for  carlots  of  large  drums,  which  is  the 
price  asked  by  the  re6ners  of  natural  on  the  same  quantity  of 
material.  No  synthetic  phenol  has  been  made  for  the  past  two 
years  and  the  government  surplus  has  been  the  sole  dependence 
of  consumers.  The  virtual  demolition  of  this  surplus  has  left 
the  market  in  an  extremely  tight  position,  with  little  prospect  of 
relief  until  it  is  possible  for  makers  of  synthetic  to  get  their 
plants  back  into  operation,  which  will  take  some  time,  according 
to  reports  now  current  in  the  trade.  Following  this  condition 
makers  of  salicylates  advanced  their  prices  sharply  and  are  now 
looking  forward  to  a  real  shortage  for  lack  of  raw  material. 

An  advance  of  .35  cents  [ler  hundred  was  made  by  the  makers  of 
calcium  acetate  late  in  July,  making  the  new  price  S2.35  per 
hundred  at  the  works.  This,  following  as  it  did  an  advance 
early  in  July,  forced  a  further  advance  in  acetic  acid,  and  thus 
greatly  discouraged  buyers,  who  were  already  none  too  insistent. 
The  present  prices  of  acetic  acid  are  based  on  S2.67'/5  for  28  per 
cent  in  carlots  of  barrels  at  makers'  works,  and  many  of  the  con- 
sumers of  this  product  consider  this  level  to<j  high  for  safe  buying. 
The  consequence  has  been  a  general  reduction  of  purchases 
throughout  the  market.  .Xcetonc  and  methyl  ethyl  ketone  were 
advanced  correspondingly. 

Glycerol  has  txi-n  advanced  by  makers  during  the  period 
and  is  firm  at  the  higlicr  level.  Camphor  has  been  firmer  and 
higher  from  Japan.  Oxalic  acid  has  Ijeen  in  good  demand 
throughout  llic  peri<Kl  and  has  been  twice  advanced  by  makers 
to  a  present  level  of  IG  cents  at  their  works.  In  one  direction  it 
has  been  found  possible  to  shade  this  figure  somewhat,  but  the 
general  attitu<le  is  one  of  firmness. 

In  the  inorganic  list,  interest  has  been  centered  largely  in  the 
insecticide  situation.  Copper  sulfate  continues  extremely  scarce, 
and  few  firm  offers  are  availalile.  even  at  the  nominal  price 
of  7  cents  named  in  a  few  cases  for  odd  lot  business.  Arsenic  is  be- 
coming increasingly  attractive  to  many  speculative  and  consum- 
ing interests.  Reports  from  the  cotton-growing  districts  state 
that  the  demand  for  insecticides  for  the  present  season  has  not 
been  satisficil  yet.  on  .-iccount  of  the  coming  of  a  veritable  plague 
of  the  cotton  leaf  >vorm  from  the  Mexican  border.  The  call 
from  the  aflectcd  districts  is  for  any  arsenical  compound  that 


can  be  used  for  checking  its  spread.  This  demand  comes  at  a 
time  when  makers  have  practically  nothing  to  offer  in  either 
calcium  arsenate,  lead  arsenate,  or  Paris  green,  and  when  the 
white  arsenic  market  is  attracting  speculative  buyers  in  such 
numbers  as  at  present.  The  coming  of  real  consuming  demand  is 
forcing  prices  rapidly  higher.  So  far  there  have  been  few  sales 
above  8  cents,  but  many  indications  point  to  further  advances. 
The  lack  of  activity  in  the  copper-producing  areas,  from  which 
the  domestic  arsenic  supply  comes,  the  higher  prices  asked  from 
Japan  for  shipments,  and  the  dearth  of  supplies  in  any  of  the 
other  markets  of  the  world,  are  taken  as  the  basis  of  extremely 
bullish  reports  which  are  being  widely  circulated  in  the  market. 

Many  of  the  large  consumers  of  chemical  materials  have 
established  rules  that  no  supplies  shall  be  taken  on  under  any 
circumstances  which  are  not  immediately  needed  in  plant  oper- 
ations. This  has  led  to  frequent  irregular  telegraphic  orders 
for  rush  shipments  to  be  delivered  within  a  few  hours  at  most, 
and  has  greatly  confused  the  situation.  Indications  point  to 
sharp  advances  on  the  slightest  provocation.  Declines  may  be 
caused  in  a  similar  way  by  the  forced  release  of  any  considerable 
quantity  of  material  by  speculators  or  others  who  are  not  in 
position  to  hold  for  favorable  sale. 

The  coal-tar  product  situation  generally  has  attracted  little 
additional  interest  from  the  trade  during  the  past  month.  Plans 
are  being  made  by  the  larger  interests  in  intermediates  and  dyes 
to  continue  operations  whether  the  licensing  feature  of  the  tariff 
bill  is  included  or  not.  Consumers  in  the  meantime  are  taking 
on  only  such  limited  supplies  as  are  required  for  their  present 
requirements.  Less  tendency  is  noted  among  manufacturers  to 
cut  prices  on  this  small  lot  business  and  there  arc  many  features 
of  firmness  in  the  situation,  but  the  total  amount  of  business 
being  done  is  small. 

Fertilizer  materials  are  stronger  in  all  markets  on  short  sup- 
plies in  the  face  of  increasing  demand  for  export.  Vegetable 
oils  have  shown  little  strength  during  the  month  on  declining 
prices  on  cottonseed  oil.  Prospects  in  this  oil  indicate  a  heavy 
yield  from  the  present  crop  and  consequently  lower  prices. 
Fish  oils  are  firm.  Menhaden  oil  is  particularly  firm  and  scarce 
on  account  of  the  low  yield  from  the  poor  catch  caused  by  poor 
weather  conditions  during  the  fishing  season.  Animal  oils  are 
little  changed  and  have  shown  a  fairly  steady  trend.  Turpentine 
has  reached  a  steady  level  after  the  sharp  speculative  advances 
of  a  short  time  ago.  The  trend  of  the  metal  markets  has  been 
upward,  although  the  actual  net  increases  have  not  been  large. 
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I-IRST-HAND  PRICBS  FOR   GOODS   IN    ORIGINAL   PACKAGES   PREVAILING    IN   TUB    NEW    YORK    MARKET 


INOBOANIC  CHEMICALS 


Auk.  10  ;«n.  1922 


Acid,  Boric,  cryst.  bbls lb. 

Hydrochloric,  comrn'I.  20°  lb. 
Hydrofluoric.  30%  bbls,. lb. 
Hydriodic,  ap.  gr.  1.150... lb. 
Nitric,  42°,  cbys.  c/1  wks.lb. 
Phosphoric,  50%  tech lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Oleum  20% ton 

Alum,  Ammonia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminium  Sulfate  (iron-free)  .lb. 
Ammonium  Carbonate,  pwd..  .lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°... lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals. .  .lb. 

Nitrate lb. 

Red lb. 

White  (Carb.) lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech..  .lb. 

Magnesite,  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85%. lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk lb. 

Nitrate lb. 

Permanganate,  U.  S.  P.... lb. 

Prussiate,  red lb. 

Yellow lb. 

Salt  C«ke,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Canstic,  76%,  N.  Y. .  100  lbs. 


Imported  (not  an  A 


Auk.  1 

AuK.  10 

Jan.  1922 

.nji 

■  UH 

.12H 

.OlJi 

.01 M 

■  Olii 

.07 

.07 

.07 

2.25 

2.25 

2.00 

.06 

.06 

.06 

.08 

.08 

.10 

.07 

.07 

.07 

16.00 

16.00 

16.00 

19.00 

19.00 

19.00 

.03,4 

.03)5 

.03« 

♦.03 

•03 

•.03H 

.06H 

.06H 

.07 

.03H 

.03>i 

.03K 

.02^ 

.02H 

.02M 

.07 

.07 

.08 

.07H 

■  07»A 

.07}i 

.30 

.30 

.30 

.07« 

.07H 

.07H 

.07Ji 

.08 

.06H 

•85.00 

•85.00 

•53.00 

•.06 

•.06 

•.07 

33.50 

33.50 

28.00 

1.60 

1.60 

2.25 

.05H 

.05'A 

■  OSJi 

.25 

.25 

.23 

24.50 

24.50 

28.75 

.06 

.06 

.06 

7.00 

7. CO 

5.55 

4.20 

4.20 

3.80 

.10}^ 

.lOH 

.11 

.15 

.15 

.15 

.08 

.08 

.08 

.07  H 

.07)i 

.07H 

2.35 

2.35 

1.75 

.06 

.06 

.06 

55.00 

55.00 

53.00 

*.25 

*.25 

•.27 

•.26 

•.26 

•.30 

4.25 

4.25 

4.25 

.09H 

.09Ji 

.lOH 

».15 

*.15 

•.13 

•.04M 

•.04Ji 

•.04M 

•.06}^ 

*.06H 

•.05H 

•.90 

*.90 

•.29 

•.32 

•.33 

•.24H 

21.00 

21.00 

17.00 

.48 

.48 

.44K 

•1.80 

•1.80 

•1.85 

3.60 
merican 

3.60 
makers'  price). 

3.80 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide,  96-08% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls 100  lbs. 

Nitrate.  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),tech.  .lb. 

Sili<;ate.  40° lb. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


.05 

.06 

.04 

2.00 

2.00 

2.00 

.07 

.07 

.075i 

.04)i 

.04H 

.0*H 

.06Ji 

.06H 

.07H 

.23 

.23 

.28 

■  09'A 

■  09H 

09H 

3.25 

3.25 

3.50 

2.55 

2.65 

2.32Ji 

.09>i 

OBH 

.06H 

.204 

.204 

■  16H 

.04 

.04 

.04)i 

.01 

.01 

.om 

.04 

.04 

.06 

•.08 

•.08 

•.10 

3.00 

3.00 

2.78 

14.00 

14.00 

16.00 

.10« 

.lOH 

.09^ 

OBOANIC  CHEMICALS 


Acetanilide,  U.  S.  P.  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial lb. 

Benzoic,    U.  S.  P lb. 

Carbolic,  cryst..  U.  S.  P.. 

drs lb. 

50-  to  110-lb.  tins.... lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks. ..lb. 

Pyrogallic,  resublimed. . .  .lb. 

SalicyUc.  U.  S.  P lb. 

Tannic.  U.  S.  P..  bbls lb. 

TarUric,  cryst.,  U.  S.  P. .  .lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete. gal. 

Ethyl,  190  proof,  bbls.. .  .gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases. .  .lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums.  .    lb. 

Creosote,  U.  S.  P lb. 

Cresol.  U.S.  P lb. 

Dextrin,  com 100  lbs. 

Imported  Potato lb. 

Ether.  U.  S.  P..  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums.... lb. 

Methanol,  pure,  bbls gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pjmdine gal. 

Starch,  corn,  pow'd 100  lbs. 

Potato.  Jap lb. 


•.29 
2.67H 


•29 
2.37H 


1.60 

1.60 

1.75 

.26 

.29 

.24 

.70 

.70 

.75 

•28)5 

•.28 

•.25 

.13,4 

.13H 

.12 

.31 

.31 

.45 

4.65 

4.65 

4.75 

1.90 

1.90 

2.00 

.80 

.83 

.90 

.06 

.06 

.06H 

.10 

.10 

.10)^ 

.25 

.25 

.43 

.40 

.40 

.40 

.14 

.14 

.14 

3.09 

3.09 

2.70 

.09 

.09 

.06)4 

.14 

.14 

.14 

.08 

.08 

.10)4 

.134 

.15 

.14)4 

.72 

.72 

.75 

3.00 

3.00 

4.00 

.04H 

.04H 

•  05)i 

1.75 

1.75 

1.75 

2.47 

2.47 

2.13 

.07 

.07 

.06H 

*3. 

1920 

1921 

1922 

1    1    M    1 

1    '    ! 

-   PINE  CHEMICAL  AVERAGE   - 

1      ^>«^ 

i 

*S —   i 

Simple  Average  of  Twenty  Rep- 
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■V. 
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X,  pure,  white 

Castor  Oil,  No.  3 

Ccrena,  yellow 

Corn  on.  crude.  Unlo,  mills.. 
Cottonseed  OU,  crude,  f.  o.  b. 

mill '*> 

Unseed  Oil,  raw,  e/1 fi 

Menhaden  Oa,  crude,  mills..  .gaL 

Neat's-foot  OU,  20° 

Paraffin,  128-130  m.  p.,  ref 

Rosin,  "F"  grade,  280  lbs bbl. 

Rosin  Oil.  first  run g*! 

Shellac,  T.N lb 

Soerm  Oil,    bleached    winter, 

38° "!»• 

Stearic  Acid,  double  pressed.,  .lb. 

Tallow  Oil,  acidless 

Turpentine,  spirits  of gal. 


Aluminium,  No.  1,  ingots lb 

Antimony,  ordinary 100  lbs. 

Bismuth )b 

Copper,  elecUolytic lb 

Lake lb 

Lead,N.  Y lOO  "» 

Nickel,  elecUolytic lb. 

Platinum,  refined,  soft or. 

Quicksilver,  flask 76  lbs 

SilTcr,  foreign 

Tin . 

Tungsten  Wolframite per  unit 

Zinc,  N.  Y 100  lbs. 


OILS,  WAXBS,  KTC. 


.lb 


.17H 
6.25 
2.10 

.14 

.14 
5.76 

.3S 
93.00 
65.00 

.71H 

.32 
2.00 
6.23 


5.25 

2.10 

.14 

.14 

5.85 

.39 

93.00 

57.00 

.71N 


FKBTILIZXa  HATEBIALS 


Ammonium  Sulfate,  eipt..  100  lbs.  3.50 

Blood,  dried,  f.o.  b.  N.Y.... unit  4.00 

Bone,  3  and  60.  ground,  raw.. ton  28.00 
Calcium  Cyanamide,  unit   of 

ammonia 2.75 

Fish  Scrap,  dried,   wks unit  4.10&.10 

Phosphate  Rock   f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3.00 

Tennessee,  78-80% ton  4.00 

Potassium  Muriate,  80% unit  .60 

Tankage,  high-grade,   f.  o.  b.  .   ^  ,      ,. 

Chicago unit  4.00  &  .10 


in.  1922 

.33 

.10^^ 
.07H 

MH 

.07 


.20 

.16«i 

.035i 

.05 

6.30 

5.30 

.39 

.36 

.78 

.<6 

1.35 

1.70 

.OBH 

.09Jf 

.10 

.10 

.17 

4.55 

1.80 
.13H 
.13Ji 

4.70 

.45 

78.00 

52.00 

.65M 

.32H 

2.00 

6.20 


2.60 
3.50 
30.00 

2,25 
3.23  & 


3.50 
4.00 
28.00 

2.75 
4.10  & 

3.00 

4.00 

.60 


4.00  &  .10     3.00  &  .10 


COAL-TAR  CHEMICALS 


Crudes 

Anthracene,  80-85% lb.  .75 

Bensene,  pure,  tanks gal.  .30 

Naphthalene,  flake lb.  .Mii 

Phenol,  drums lb.  .15 


.29 
.07H 


Crudes    (conduiti) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 

tanks gal. 

Intermediates 
Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Naphthionic,  crude lb. 

Nevile  &  Winther's lb. 

Picric lb. 

SuUanilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed). ..  .lb. 
Benzaldebyde,  tech lb. 

U.S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

^-Dichlorobenzene lb, 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

fc-Naphthol,  dist lb. 

o-Naphthyiamine lb. 

»-Naphthylamine lb. 

m-Nitroaniline .lb. 

p-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane). .  .lb. 

P-Nitrophcnol lb. 

o-Nitrotoluene lb. 

^-Nitrotoluene lb. 

m-Pbenylenediamine lb. 

p-Phenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt lb. 

Resorcinol,  tech lb. 

U.S.  P lb. 

SchaeHer's  Salt lb. 

Sodium  Naphthionate lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

o-Toluidinc lb. 

^-Toluidine lb. 

m-Toluylenediamine lb. 

Xylidine lb. 


.30 
.45 


Jan.  1922 

.30 
.45 


1.50 

1.50 

1.50 

1.80 

1.80 

2.25 

.75 

.75 

1.00 

1.00 

1.00 

1.60 

2.30 

2.30 

2.30 

.60 

.60 

.65 

1.20 

1.20 

1.30 

.20 

.20 

.25 

.22 

.22 

.26 

1.50 

1.50 

2.00 

1.15 

1.15 

1.15 

.14 

.14 

.17 

.20 

.20 

.25 

1.35 

1.33 

1.50 

.65 

.65 

.45 

1.40 

1.40 

1.25 

.85 

.85 

.90 

.70 

.70 

.70 

5.50 

5.50 

5.50 

4.50 

4.50 

4.75 

.58 

.58 

.58 

.65 

.65 

.70 

.80 

.80 

1.35 

.10 

.10 

.10 

1.00 

1.00 

1.00 

.23 

.22 

.30 

.30 

.30 

.30 

.95 

.95 

1.05 

.72 

.72 

.85 

.75 

.75 

.77 

.10 

.10 

.10 

.75 

.76 

.75 

.12 

.12 

.15 

.60 

.60 

.70 

1.00 

1.00 

1.10 

1.50 

1.50 

1.80 

.35 

.35 

.38 

.55 

.50 

.60 

1.30 

1.30 

1.50 

1.75 

1.75 

2.00 

.60 

.60 

.70 

.60 

.60 

.70 

.35 

.35 

.40 

1.15 

1.15 

1.20 

.30 

.30 

.30 

.16 

.16 

.20 

1.00 

1.00 

1.10 

.95 

.95 

l.IO 

.42 

.42 

.40 

*I.ZO 

So 
♦•30 

1920 

1921 

1922 

r^ 
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/> 
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EDITORIALS 


Tariff  without  Protection 

CONGRESS  has  ju.st  passed  a  tariff  bill  which  makes  the 
success  of  the  chemical  industry  quite  impossible.  This 
action  has  been  taken  in  spite  of  its  avowed  willingness  to 
support  our  industry.  The  production  of  many  sj-nthetic 
organic  chemicals  in  tlii.*  country  has  been  rendered  as  difficult 
as  was  the  making  of  bricks  without  straw  in  the  daj'S  of 
I'haraoh.  The  chemical  industry  has  been  left  to  the  mercies 
of  the  "I.  G."  Potasli  developments  are  simply  wiped  out. 
The  first  effect  of  the  Tariff  Act  will  be  the  possible  failure, 
in  increasing  numliers,  of  the  smaller  concerns  devoted  to  the 
production  of  greatly  desired  specialties.  The  total  capital- 
ization of  45  of  them  is  about  $30,000,000.  The  strongest 
of  these  concerns  may  be  able  to  live  long  enough  to  develop 
new  lines  of  production  that  will  save  something  from  the 
crash.  Others  may  perhajis  be  taken  into  combinations, 
thus  tending  toward  tlie  very  monoiwlies  wliich  we  seek  to 
avoid  in  America. 

Another  effect  will  be  the  discouragement  of  research  and 
discover^-.  We  wonder  how  many  research  organizations,  per- 
haps on  the  verge  of  discoveries  important  to  the  human  race, 
will  disband  in  disgust  and  disappointment.  Talent  will  be 
diverted  from  problems  affecting  public  health  and  national  de- 
fen.««,  and  the  final  results  cannot  but  be  seriously  detrimental 
to  the  .\merican  peojjle  and  to  the  economic  future  of  .\merica. 

Allied  lines  will  be  adversely  affected.  Most  of  the  money 
invested  in  these  chemical  plants  has  been  paid  for  equip- 
ment. Producers  of  such  raw  materials  as  lime,  salt,  alcohol, 
sulfur,  iron,  and  cojiper  will  all  feel  the  effects. 

The  Tariff  .\ct  fails  in  that  no  consideration  has  been  taken 
of  present  conditions  abroad.  The  selective  embargo  for 
a  short  period  would  have  enabled  our  industries  to  gain 
strength.  With  the  return  of  normal  conditions  abroad 
they  would  have  been  in  position  to  meet  competition  with 
ver>-  moderate  tariff  i)rotcction.  This  has  all  been  lost  in 
the  present  tariff.  In  its  stead  we  have  some  products  ovei- 
protectcfl,  some  fully  protected,  but  the  great  majority  virtu- 
ally improtected.  A  ciiemical  selling  at  fifteen  cents  carries 
11  duty  of  sixteen  cent,s,  while  articles  selling  for  more  than 
a  dollar  are  leas  and  less  adequately  protected,  since  they 
are  subject  to  the  same  duty  of  sixty  per  cent  ad  valorem 
and  .seven  cents  a  ])ound  six-cific.  This  means  that  a  great 
group  of  s|)ccialti('s  cannot  be  produced  in  .\merica. 

Who  is  responsible  for  this  condition  of  affairs?  It  is  un- 
fortunate that  the  chemical  industry  had  to  be  in  any  way 
involved  in  politics.  The  chemical  industry  became  .some- 
thing upon  which  to  make  political  trades,  and  in  the  last 
hours  of  Congress  the  House  and  Senate  engaged  in  the 
favorite  goveniment  game  of  buck-passing.  Those  imme- 
diately resiKinsibIc  appear  to  be  Senators  Smoot,  Moses, 
King,  and  LaFollette.  It  is  hard  to  understand  how  Senator 
Sino<jt  could  battle,  on  the  one  hand  for  a  high  rate  on  sugar, 
when  the  inlerest.s  he  represents  cannot  hope  to  produce 
more  tliun  a  fraction  of  the  country's  requirements,  and  yet 
work  iM'r^istently  from  the  start  against  an  industrj-  capable 
of  producing  eventually  one  hundred  per  cent  of  our  country's 
needs.  Senator  Snioot  is  a  powerful  factor  in  Congress 
and  from  the  .start  has  fought  the  chemical  industry.     Why? 

We  are  familiar  with  the  tactics  of  Senator  Moses  and 
have  our  omi  opinions  as  to  his  motives.  Senator  Iving 
has  been  willing  to  carrj-  out  orders  in  the  maneuvers  and 
with  Senator  Moses  threatened  to  filibuster  against  the  whole 


bill  if  efforts  were  made  to-  -save  the  chemical  industry. 
Senator  LaFollette,  besides  supporting  Senator  Smoot  in  the 
Finance  Committee,  has  been  in  reserve  when  needed. 

.•\juong  the  men  who  gave  time  and  intelligent  thought  to 
the  problem  are  Frelinghuysen,  Wadsworth,  McCumber, 
Watson,  Sterling,  jNIcLean,  McKinley,  Townsend,  Bansdell, 
Bursum,  Broussard,  Lenroot,  and  Curtis. 

.\t  the  request  of  the  Secretary  of  tlie  Treasury  a  final 
effort  was  made  to  extend  the  embargo  for  at  least  ninety 
days,  to  enable  customs  officials  to  prepare  for  the  adminis- 
tration of  the  Tariff  Act.  The  Ways  and  Means  Committee 
of  the  House  reported  favorably  a  resolution  to  this  end, 
but  the  House  refused  to  take  it  up  until  assured  of  favorable 
action  bj-  the  Senate.  On  a  point  of  order  that  such  legis- 
lation must  originate  in  the  House,  the  Senate  Finance  Com- 
mittee voted  seven  to  five  against  reporting  Senator  Wads- 
worth's  resolution,  although  some  felt  that  the  favorable  action 
on  the  part  of  the  House  Committee  satisfied  the  parlia- 
mentary ix)int.  With  both  houses  of  Congress  reported 
willing  to  take  the  suggested  action,  the  matter  died  on  a 
parliamentary  point  urged  by  Senator  Smoot. 

\'erily  Congi-ess  chasteneth  those  whom  it  loveth! 

The  chemical  industry  fared  much  better  at  the  hands  of 
the  Democi'atic  party,  and  yet  several  Democratic  senators, 
who  had  signified  their  intention  to  vote  for  the  embargo, 
\otcd  against  it  upon  being  urged  by  the  Democratic  leader. 
Senator  Simmons,  to  do  so  because  it  had  become  Republican 
legislation.  The  Republican  party  was  restored  to  power 
largely  because  of  dissatisfaction  with  economic  conditions. 
Many  of  the  "best  minds"  in  the  Government,  men  who  are 
supposed  to  bring  their  talents  to  bear  on  pressing  economic 
and  business  conditions,  lia\e  been  silent  and  inactive.  Of 
all  government  departments,  tlie  War  Department  alone  has 
stood  by  the  chemiciU  industry  and  has  shown  some  compre- 
hen-sion  of  what  it  means. 

What  can  we  expect  in  the  affairs  of  state  under  such 
methods  of  go\'crnment  as  now  obtain? 

We  have  learned  that  tlic  one  way  to  deal  with  politicians 
is  at  the  polls.  At  the  present  time  the  whole  country  is 
interested  in  politics  and  the  coming  election.  We  chemists 
should  make  it  our  business  to  learn  at  once  what  those  who 
ho))e  to  represent  us  think  about  the  chemical  industry  and 
what  they  propwse.  Generalities  will  not  suffice.  We  be- 
lieve there  are  ways  of  interesting  any  individual  in  what 
chemistry  means  to  him  personally,  and  unfortunately  in 
most  cases  the  apjieal  will  have  to  be  to  his  personal  interests. 
If  we  could  elect  a  more  aggressively  sympathetic  Congi-ess 
as  a  result  of  the  present  situation,  tiie  price  the  chemical 
industry  is  asked  to  pay  might  not  be  too  high. 

While  we  fight  at  the  polls  with  one  hand,  we  must  do  the 
best  we  can  with  the  other  to  carrj'  on  the  chemical  industry 
under  the  conditions  imposed.  We  must  show  our  good 
faith  by  creating  our  own  standards  of  excellence.  We 
must  win  the  support  of  .\mcricans  for  our  products  through 
unsurpassed  quality  and  fair  dealing.  Even  with  greatly 
thinned  industrial  ranks  we  go  forward,  confident  that  a 
Congress  can  be  elected  which,  profiting  by  the  errors  made 
during  the  session  just  closed,  will  do  what  is  necessary  to 
repair  as  much  as  iwssible  of  the  damage. 

If  the  calamity  which  we  fear  for  the  chemical  industry 
does  not  materialize,  it  will  tie  a  miracle  of  the  first  m.agnitude, 
due  to  superhuman  efforts  of  j\jnerican  ingenuity  in  the  face 
of  overwhelming  odds. 
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Added  Incentive 

'C'ROM  TIME  to  time  announcements  are  made  of 
•*  special  grants  of  funds  for  particular  problems,  but 
this  is  the  first  time  a  science  in  America  has  been  able 
to  point  to  a  great  annual  prize  to  be  awarded  the  chemist  re- 
siding in  America  who  is  judged  to  have  accomi)lislied  the 
most  for  his  chosen  science  and  the  world's  welfare.  The 
letter  announcing  the  gift  is  given  in  full  in  this  issue  of  the 
JoDRNAL,  among  the  transactions  of  the  Council  at  Pitts- 
burgh (p.  886). 

The  prize  is  yet  to  be  given  a  suitable  name,  but  it  will 
undoubtedly  be  indicated  in  the  rules  governing  its  award, 
which  will  shortly  be  worked  out  by  a  committee  to  be  ap- 
pointed by  President  Smith  (in  conference  with  representa- 
tives of  the  corporation  that  iS  the  donor).  We  venture  to 
hope  that  this  prize  may  be  called  the  Nichols  Prize,  so  named 
in  honor  of  our  past  president,  W.  11.  Nichols,  to  whose 
interest  in  chemistry  and  to  whose  special  efforts  we  owe  the 
establishment  of  this  prize. 

Ob\'iously,  no  hvnnan  effort  is  expended  without  an  in- 
centive of  some  kind.  A  few  men  are  content  to  work  toward 
the  achievement  of  an  ideal  with  no  other  object  in  mind. 
Many  seek  the  truth  for  its  own  sake,  and  the  fame  which 
goes  with  discovery  is  frecjuently  sufficient  to  urge  men  to 
unusual  mental  and  physical  effort.  Much  too  often  work 
is  performed  for  monetary  rewards  only,  and  under  such 
circumstances  becomes  routine  in  character  and  more  or  less 
unsatisfactory  in  performance. 

In  doing  the  everyday  work  of  the  world,  most  people 
are  paid  as  thej'  go.  It  is  when  fundamental  things  are 
accomplished,  quite  beyond  the  appreciation  of  the  average 
man  who  barters  and  trades,  that  we  turn  to  unusual  honors 
and  rewards  to  pay  in  some  measure  our  debt  of  gratitude. 
Only  in  rare  instances  have  scientists  been  repaid  through  the 
commercialization  of  their  work;  yet  the  race  profits  most  if 
they  continue  in  their  laboratories  unswerving  from  their 
original  purposes.  Important  discoveries  are  seldom  appre- 
ciated at  the  time  except  by  the  group  within  which  the  genius 
labors.  The  world  needs  a  greater  output  of  work  of  this 
character,  and  so  far-sighted  men  have  offered  various  incen- 
tives to  induce  men  first  to  prepare  for  such  a  career,  later  to 
be  confirmed  in  their  desire  to  pursue  fundamental  work  in 
pure  and  apphed  science,  and  occasionally  have  offered 
great  prizes  for  the  rare  and  outstanding  achievements. 

At  another  time  we  shall  present  a  list  as  complete  as 
possible  of  the  studentships  and  fellowships  establislied  as 
incentives  to  train  for  greater  things.  There  are  many  such 
opportunities  for  men  to  demonstrate  more  than  average 
abiUty  and  many  thousands  of  doOars  are  invested  annuallj^ 
for  this  purpose. 

A  $25,000  prize  for  a  chemist !  Unrestricted  as  to  the  corner 
of  chemistry  in  which  he  works,  unlimited  as  to  geographical 
location,  free  from  the  circumscriptions  of  time — just  the 
ability  and  perseverance  to  do  great  things.  Not  only  in 
1923,  but  in  each  succeeding  year  this  prize  is  to  be  awarded. 
We  should  like  to  see  this  prize  won  early  in  its  history  by 
some  chemist  who,  although  working  more  or  less  obscurely 
with  meager  equipment,  in  one  of  our  smaller  institutions,  is 
nevertheless  doing  great  things  and  serving  as  an  inspiration 
to  the  man  just  entering  industry. 

What  a  splendid  incentive  has  been  added  to  those  already 
existing  for  men  to  continue  their  attack  upon  chosen  prob- 
lems in  the  field  of  chemistry!  What  a  great  stimulation  for 
American  chemists  to  put  forth  the  verj-  best  that  is  in  them 
year  after  year!  No  one  can  prophesy  the  good  that  will 
come  to  the  country  and  the  race  in  future  years  because 
this  prize  has  been  estabUshed.  An  added  incentive,  it  sliould 
inspire  lofty  \-isions  of  service  through  chemistry. 


The  Pittsburgh  Meeting 

npiIlO  PITTSBURGH  Mooting  was  notable  becau.se  of  the 
*  large  nunilicr  of  papers  pre.sented,  the  excellence  of  the 
program,  the  largo  attendance,  and  the  successful  manage- 
ment on  tiie  part  of  tlio  local  committees.  We  should  fall 
far  siiort  of  our  duty  if  wo  did  not  express  our  gratitude  to 
Acting-President  Baker  of  the  Carnegie  Institute  of  Tech- 
nology for  placing  at  our  disposal  the  dormitories  and  other 
buildings  of  his  institution,  and  to  Chancellor  P.owen  of  the 
University  of  Pittsburgh  for  iiis  cordial  support. 

The  453  pai)ors  presented  before  17  divisions  and  sections 
speak  eloquently  for  the  productivity  of  American  chemistry. 
Still,  it  brings  forcibly  before  us  a  problem  that  has  for  a  long 
time  confronted  us.  The  time  has  come  when  we  must 
consider  the  desirability  of  establishing  certain  standards 
for  meeting  papers,  and  make  it  something  of  an  honor  to  be 
allowed  to  present  a  paper.  Such  a  standardization  will  tend 
to  reduce  the  number  of  papers  presented,  thus  affording 
mt)re  time  for  discussion.  The  importance  of  this  action  is 
emphasized  by  those  of  our  number  who  ha\e  attended  scien- 
tific meetings  abroad,  where — in  marked  contrast  to  American 
practice — learned  discussion  follows  the  presentation  of 
practically  e^•ery  paper,  adding  immensely  to  its  interest 
and  value. 

Too  much  cannot  be  said  in  praise  of  the  Local  Section  for 
the  splendid  manner  in  which  the  entertainment  features 
were  conducted.  The  members  were  untiring  in  their  efforts 
as  hosts,  and  spared  neither  money  nor  time  to  contribute 
to  our  happiness  and  comfort.  The  industrial  excursion  on 
Friday  was  especially  noteworthy. 

Incidentally,  chemists  should  take  pride  in  the  fact  that  a 
demonstration  of  the  utility  of  chemical  research  illustrated 
with  an  internal  combustion  motor  was  permitted  in  Carnegie 
Hall,  heretofore  reserved  for  prima  donnas  and  other  artists. 

We  aU  came  away  from  the  Pittsburgh  Meeting  impressed 
with  the  fact  that  the  chemical  profession  is  looking  up,  and 
confident  that  the  American  Chemical  Society  is  able  to 
undertake  and  carry  through  whatever  is  worth  while  for 
chemists  and  chemistry. 


Regulating  Chemical  Fire  Hazards 

CHEAIISTS  have  often  been  accused  of  lacking  proper 
interest  in  legislative  matters,  even  when  their  own  in- 
terests are  vitally  concerned.  In  no  case  has  this  been  more 
forcibly  illustrated  than  in  the  regulation  of  hazards  incident 
to  their  own  operations.  A  proper  subject  for  municipal 
control,  regulations  along  this  Une  have  been  left  largely  in 
the  hands  of  municipal  fire  departments  throughout  the 
country.  In  general,  the  guides  by  which  such  rules  are 
drawn  up  have  been  little  more  than  the  personal  experiences 
of  the  officials  charged  with  this  duty,  aided  in  a  general  way 
by  the  rules  of  the  Under\vriters  Laboratories.  The  result, 
as  might  be  supposed,  has  been  a  miscellaneous  collection  of 
rules  based  on  Uttle  more  than  an  unwonted  fear  of  anji;hing  of 
a  chemical  nature.  In  other  words,  a  wholesale  injustice 
has  been  done  the  industry  without  its  having  had  a  voice  in 
the  procedure. 

A  damaging  fire  in  a  warehouse  situated  in  a  thickly  pop- 
ulated section  of  New  York  recently  waked  the  fire  prevention 
officials  of  the  city  to  the  dangers  resulting  from  lack  of  logi- 
cally framed  laws.  In  conjunction  with  an  association  of 
warehousemen,  the  Bureau  of  Fire  Prevention  of  the  city 
has  formed  a  committee  to  revise  the  regulations  on  the  sub- 
ject and  welcomed  the  idea  of  having  a  representative  of  the 


THE  JOVRSAL  OF  IXDISTIUAL  AXD  EXGINEERING  CHEMISTRY 


884 

Amemcan  Chemical  Society  sit  with  them  in  their  de- 
liberations. Following  this  suggestion,  President  Smith  has 
appointed  Dr.  C.  E.  Munroe,  chairman  of  the  Explosives 
Committee,  Di\-ision|Of  Chemistrj',  National  Research  Council 
to  represent  the  Societt  on  this  committee.  Certainly 
no  action  more  important  to  the  industrj'  as  a  whole  could 
have  been  taken,  and  it  is  to  be  hoped  that  other  nuinici- 
palities  will  follow  this  admirable  lead. 
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Recognition  Won 

THK  FUTURE  of  the  chemical  industry  is  still  some- 
what uncertain,  but  we  are  optimistic  as  to  the  ulti- 
mate outcome,  largely  because  of  the  recognition  which  lias 
already  liecn  won  for  the  science  and  the  industry.  There 
are,  however,  still  too  many  men  in  public  life  who  either 
fail  to  comprehend  what  chemistry  means  to  America  or 
who  unhesitatingly  put  their  personal  interests  before  every- 
thing else.  But  a  review  of  the  discussions  of  ch('ini(;il 
niatter>  before  both  hou.ses  of  Congress  and  congres.-^ioiial 
committees  in  the  last  few  years  cannot  fail  to  convince  us 
that  our  science  has  won  recognition  and  that  public  men  are 
l>cginning  to  actjuaint  themselves  with  creative,  instructive, 
and  protluctive  chemistry. 

The  public  jjrcss  is  finding  in  chemistry  a  subject  of  im- 
portance, both  from  the  standpoint  of  news  value  and  as  a 
topic  for  editorial  discu.sslon.  A  notable  example  is  an 
editorial  on  "Pandemic  Chemistry"  in  the  Neiv  York  Times 
for  September  11.  .\fter  discussing  certain  features  of  the 
Pittsburgh  Meeting,  this  editorial  concludes: 

I{ver>'  boy  and  girl  and  in  time  every  man  and  woman  should 
through  school,  newspaper,  book,  and  magazine  have  this 
knowledge.  If  our  high  school  students  were  to  approach  the 
science  in  this  way,  they  would  have  a  larger  view  than  if  they 
tried  to  grasp  the  complex  problems  of  atomic  structure  and  to 
fill  their  minds  with  the  names  of  elements;  then,  too,  more 
of  them  might  be  inspired  to  study  it.  The  great  chemical  ex- 
liosition  to  be  held  this  week  in  the  Grand  Central  Palace  gives 
the  public  an  opportunity  to  get  some  comjirehension  of  what  the 
vast  range  of  this  science  now  is.  Such  knowledge  should 
become   "pandemic." 

Much  remains  to  be  done  to  make  a  knowledge  of  chemis- 
try' pandemic.  The  recognition  already  gained  encourages 
chemists  to  greater  efforts,  and  when  the  public  knows  aliout 
chi'inistry  its  encouragement  will  be  demanded  and  its  place 
in  our  economic  fabric  made  .secure. 


An  Appreciation  of  Fundamentals 

Y\/E  ALL  know  that  it  is  the  seeking  for  truth  for  its 
'  '  own  .sake  that  gives  us  data  upon  which  our  mate- 
rial progress  depends.  Hut  this  view  is  seldom  expressed 
in  the  lay  press.  "Uncle  Dudley"  brought  out  the  jil.ain 
facts  clearly  in  an  editorial  in  the  Ronton  Globe  for  August  4, 
\'.Y22,  in  which  he  defended  the  10th  century  under  tlie 
captioit  "Spare  Those  Bricks."     We  quote  several  paragrajjhs : 

We  are  prone  to  think  of  the  19th  century  as  the  one  which 
gave  us  mo<lem  machinery;  steam,  electricity,  flying  and  wireless. 
This  machinery  was  a  liy-product  of  something  far  nobler,  and 
would  that  it  had  been,  or  were  now,  so  regarded.  It  was  a  by- 
product of  a  fmc  and  disinterested  search  for  scientific  truth. 

Scientific  men  disabused  their  minds  of  prejudice,  religious 
bigotry,  preconceived  notions,  narrow  imaginings,  and  set 
forth  to  discover  whatsoever  of  truth  they  could. 

The  harvest  was  tremendous.  And  out  of  it  came  discoveries 
of  general  scientific  primiplcs  which  made  possible  the  invention 
of  this  modem  machinery  which  has  become  so  much  a  part  of 
our  daily  lives.  Hut  had  these  men  of  science  set  out  with  no 
higher  aim  than  the  invention  of  such  machinery,  that  machinery 


never  would  have  been  invented.  In  order  to  do  anything  su- 
premely well,  one  must  be  trying  to  do  well  the  thing  just  next 
above  it  in  difficulty  and  importance. 

In  the  early  days  of  the  Darwinian  movement,  Huxley,  its 
lecturer-prophet,  saw  how  things  were  likely  to  go  and  pro- 
nounced a  solemn  warning.  He  perceived  that  converts  were 
flocking  to  his  banner  for  the  sake  of  the  loaves  and  fishes,  and 
cried  out  that  if  mankind  regarded  science  and  its  discoveries 
not  as  a  lofty  and  well-nigh  religious  quest  of  truth,  but  only  as 
a  means  of  padding  their  daily  existences  with  material  and  bodily 
comforts,  then  it  were  better  that  these  discoveries  be  not  made 
than  that  humanity  shoiJd  use  them  as  upholstery  to  an  ignoble 
sloth. 

Huxley's  worst  fears  appear  to  have  been  realized.  The 
seizure  of  science  to  breed  material  wealth  and  heap  up  material 
comforts;  the  neglect  of  the  fine  spirit  of  truth-seeking,  which 
alone  gives  science  its  fruitfuluess.  not  to  say  its  nobility,  is 
exactly  what  happened.  The  20th  century  was  not  17  years 
old  before  every  nation  which  had  benefited  by  the  discoveries 
of  the  19th,  was  in  a  murderous  struggle  with  and  about  the 
machinery  of  wealth-production;  and  science  found  itself  con- 
scripted to  the  task  of  human  slaughter,  which  it  performed  with 
a  thoroughness  unexampled  in  history  and  which,  if  repeated, 
threatens  to  terminate  history  and  civilization. 

The  19th  century  has  been  blamed  for  sowing  the  seeds  of  the 
World  War.  As  well  blame  your  parents  for  your  combative 
instinct. 

We  inherited  two  things  from  the  19th  century.  One  was 
the  example  of  a  disinterested  search  for  truth  which  made  the 
Darwinian  age  an  age  of  triumphs  and  secrets  wrung  from  nature's 
close  reserve.  The  other  was  the  machinery  which  those  dis- 
coveries made  possible.  The  machinery,  the  material  wealth, 
and  the  bodily  comforts  it  has  provided,  we  of  the  20th  century 
have  grabbed,  gobbled,  used  and  abused.  The  results  have  been 
frightful  beyond  anything  in  recorded  history.  The  lofty  and 
dispassionate  search  for  truth  we  have  neglected.  That  was 
what  made  the  19th  century  great.  It  is  the  only  thing  that 
can  make  any  century  great.  Until  we  apply  it  to  the  social 
quandaries  created  by  this  new  machinery,  our  own  century 
will  have  no  greatness,   nor  anything  but  squalor. 


Quackciy  to  Walk  Plank 

tj^OR  SOME  years  leaders  in  the  American  Medical  Associa- 
*■  tion  have  desired  means  for  so  educating  the  intelligent 
laity  that  quackery,  from  which  we  still  suffer  greatly,  could 
find  no  fertile  soil  in  which  to  flourish.  The  news  service 
of  the  Association  accomplished  a  great  deal  and  yet  was  not 
just  what  was  needed.  Before  the  Great  War  it  was  decided 
to  launch  a  journal  to  popularize  medical  information,  but 
war  work  interfered. 

Now  that  the  printing  plant  is  being  greatly  enlarged,  the 
journal  is  to  be  undertaken  imder  the  initial  guidance  of  Dr. 
V.  C.  Vaughan,  who  has  been  a  leading  spirit  in  the  plan  for 
years.  People  are  to  be  told  in  an  interesting  way  about 
public  health,  prevention  of  disease  and  curative  medicine — 
all  authoritatively.  Misinformation  will  be  shown  up  and 
we  see  dark  days  ahead  for  the  quacks. 

In  chemistry  we  have  also  talked  for  years  about  a  popular 
journal  managed  by  our  Society.  The  need  and  the 
opportunity  still  exist,  and  the  difficulty  is  Largely  one  of  funds. 
Th(>  Journal  of  the  American  Medical  Anxocialion,  with  a 
circulation  nearing  100,000,  earns  a  large  sum  annually  and 
supports  many  worthy  activities.  With  adequate  sui)i)ort 
the  publications  of  the  Ameuicax  Chemical  Society  can 
also  be  developed  into  properties  capable  of  earning  a 
large  part  of  the  funds  desired,  not  only  for  a  popular  journal 
of  chemistry  but  for  other  wortli-while  projects.  And  we 
believe  that  to  fill  its  mission  properly  a  journal  of  popular 
chemistrj'  nnist  be  managed  by  the  American  Chemical 
SijciETT.  Quacking  wherever  it  exists  must  be  made  to  walk 
the  plank.  Education  is  the  best  weapon  and  must  be  greatly 
extended.  It  is  the  education  of  our  masses  that  constitutes 
our  best  defense  against  quackery,  whether  it  be  in  economics, 
religion,  science,  or  government. 


Oct.,  1922 


THE  joihWAi.  or  ixDrsruiM.  .1  \7>  i:\(;i\i:i:rix(:  ciikmisthy 


PITTSHIIIU;!!  MKKTINC; 
AMERICAN  CHEMICAL  SOCIETY 


'I'lic  meeting  was  well  attended — aijproxiinately  lo.OOO 
I  icing  present.  The  Pacific  Coast,  the  Atlantic  Coast,  the 
( iiilf  Coast,  and  Canada,  each  sent  a  goodly  number,  which, 
wiien  added  to  the  number  from  intermediate  points,  con- 
strained on(>  to  wonder  at  the  jiersistent  talk  of  hard  times 
and  railroad  st  rikcs.  Evidently,  expense  accounts  retain  some 
(if  the  flexibility  of  former  days,  and  the  seriousness  of  the 
railroad  situation  had  been  largely  overcome  except  in  the 
newspapers.  The  presence  in  the  Mississippi  delegation  of 
the  chemical  family  of  Swan,  consisting  of  a  father  and  four 
sons,  set  a  record  for  families  of  chemists.  The  delegation 
from  the  University  of  Washington  was  large  enough  to  justify 
a  meeting  of  its  own,  although  the  Pacific  Coast  delegation  as 
a  whole  did  not  succeed  in  getting  the  meeting  next  fall  for 
San  Francisco.  Milwaukee  persuaded  the  Council  to  take 
the  meeting  there  instead. 

The  General  Meetings  on  Tuesday  and  the  reception  on 
Wednesday  were  all  that  could  be  desired.  The  excellent 
papers  given  at  these  meetings  may  be  read  on  pages  887  to 
905  of  this  issue.  Our  President's  address,  "Our  Science," 
was  enjoyed  by  the  public  as  well  as  by  the  members  of 
the  Society. 

Automobiles  and  the  possibUity  of  smoothing  out  the  oper- 
ation of  the  family  fU\'ver  to  compare  with  that  of  "high 
brow"  cars  by  the  judicious  use  of  diethyl  selenide  or  tetra- 
ethyl  lead,  received  a  just  share  of  attention,  following  the 
paper  and  experiments  by  Midgley  and  Boyd  at  the  General 
Meeting.  Wliile  the  authors  admitted  that  great  good  might 
be  accomplished  in  removing  detonation  knocks  by  their 
method,  they  were  unwilling  to  admit  that  they  had  found  a 
cure-all  for  automobile  ills,  and  stated  that  the  regular 
service  stations  would  have  to  be  called  in  almost  as  usual. 

Then  the  smoker!  The  more  said  the  better,  for  certainly 
it  was  a  genuine  success.  "Section  Q"  must  have  rolled 
violently  in  its  grave  wth  jealousy  that  Syria  Mosque  should 
have  housed  an  event  so  reminiscent.  Several  of  the  large 
industrial  laboratories  in  the  Pittsburgh  district  staged  indi- 
^^dual  skits  that  were  well  calculated  to  arouse  the  en\'y  of 
the  vaudeville  kings.  The  general  title  applied  by  the  per- 
petrators was  "H2O,"  and  there  was  nothing  dry  about  it 
from  the  first  entrance  of  Dr.  Halogen,  of  Freshwater  College, 
to  the  final  exit  of  the  beautiful  Miss  Oxy  Gen,  vi\-id  vamp 
and  sister  to  Hydro,  the  volatile  wgin.  Mo\'ies  of  the 
activities  of  the  Pittsburgh  Section,  shown  for  the  benefit  of 
sectional  chairmen  and  secretaries,  included  many  valuable 
suggestions  for  keeping  up  interest.  Then  the  chef  of  the 
mosque  spread  himself  for  the  profound  benefit  of  all.  One 
of  the  most  attractive  features  of  the  smoker  was  the  pro- 
gram, which  included  songs  (to  popular  airs)  \\Titten  espe- 
cially for  the  occasion. 

Wednesday  and  Thursday  were  profitably  spent  in  di- 
visional meetings  and  spnposiums  at  the  Carnegie  Institute 
of  Technology.  Each  Division  was  well  attended  and  in- 
terest in  the  various  papers  ran  high.  The  arrangements  for 
caring  for  interdivisional  visiting  were  well  handled,  including 
bulletins  on  the  campus  as  well  as  in  each  di\dsional  meeting 
room,  which  showed  at  all  times  the  papers  being  read  and 
those  next  expected. 

The  meeting  of  the  Metric  System  Committee  with  repre- 
sentatives of  twenty  other  scientific  societies  to  consider 
ways  and  means  of  forwarding  the  general  adoption  of  the 


metric  system  in  this  country,  was  one  of  the  features  of 
U'ednesday  afternoon.  The  question  of  educating  the  gen- 
eral public  to  the  advantages  of  the  sj'stcm  was  considered, 
and  a  resolution  adopted  to  request  the  Bureau  of  Education 
in  Washington  to  use  such  means  as  it  might  command  to 
increase  the  more  thorough  teaching  of  the  metric  sj'stem  in 
all  schools.  The  meeting  favored  the  double  marking  of 
goods  with  both  the  metric  and  avoirdupois  quantities,  as  a 
means  of  gradually  educating  the  public  to  the  general  use 
of  the  former.  However,  the  general  sense  of  the 'meeting 
was  that  the  changi^  from  one  to  the  other  would  best  be 
accomplished  by  gradual  educative  means  rather  than  by 
any  radical  steis.  Reports  from  the  various  organizations 
indicated  that  in  every  case  except  those  of  the  civil  engi- 
neers, architects,  and  electrical  engineers,  progress  was  being 
made  in  introducing  the  system  into  general  use  in  the  in- 
dustry represented.  The  following  organizations  were  repre- 
sented at  this  meeting: 

American  Chemical  Society,  Eugene  C.  Bingham,  Chairman 
American  Psychological  Association,  W.  V.  Bingham,  Sfcretary 
National  Academy  of  Sciences,  W.  A.  Noyes  for  T.  C.  Mendenhall 
American  Institute  of  Electrical  Engineers,  N.  W.  Storer  for  Charles  E. 

American  Metric  .\ssociation,  W.  W.  Stevenson 

Optical  Society  of  America,  Harry  S.  Hower 

U.  S.  Bureau  of  Standards.  F.  S.  Holbrook 

American  Statistical  Association,  Roswell  H.  Johnson 

Geological  Society  of  America,  Roswell  H.  Johnson 

American  Electrochemical  Society.  R.  E-  Zimmerman 

.\merican  Pharmaceutical  .Association,  J.  A.  Koch 

American  .A.strooomical  Society,  Herman  S.  Davis 

Maryland  .\cademy  of  Sciences,  Claude  H.  Hall 

American  .Association  of  University  Professors,  A.  Silverman  for  Carl  D. 

Schwartzel 
American  Institute  of  Architects,  T.  E.  Billquist 
American  Society  of  Civil  Engineers,  R.  A.  Cummings 
American  Medical  .Association,  Paul  N.  Leech 
Mathematical  Association  of  .America.  Dr.  Bishop 
American  Physiological  Society,  C.  C.  Guthrie 
American  Public  Health  .Association.  A.  B.  Wadsworth 
Illuminating  Engineering  Society,  E.  J.  Edwards 

Friday's  excursion  to  the  plants  of  the  Carnegie  Steel 
Corporation  and  the  American  Window  Glass  Company  was 
greatly  appreciated  by  the  more  than  400  who  attended. 
The  smoothness  attending  all  arrangements  was  certainly  a 
credit  to  those  in  charge.  The  structural  steel  process  was 
followed  from  the  ore  to  the  finished  steel,  and  the  immense 
by-product  coking  plant  which  furnished  the  fuel  for  the 
steel  manufacture  was  inspected.  Lunch  was  served  by  the 
Carnegie  Steel  Corporation  in  the  giant  air-compressor 
plant,  and  the  party  was  taken  on  to  the  glass  plant  to  in- 
spect its  complete  cycle  of  operations  from  the  raw  material 
to  the  finished  sheets.  Saturday's  excursions  to  various 
plants  in  the  district  were  less  well  attended,  but  none  the 
less  interesting. 

Beginning  with  the  advent  of  the  two  woman  councilors. 
Misses  Pennington  and  Woodford  of  New  York,  the  ladies 
were  well  represented  at  all  the  gatherings.  Entertainment 
especially  for  the  ladies  consisted  of  theater  parties,  a  drive 
to  the  Pittsburgh  Field  Club,  an  excursion  to  the  factorj-  of 
the  H.  J.  Heinz  Co.,  inspection  of  the  library,  museum,  and 
art  galleries  of  the  Carnegie  Institute,  a  lecture  by  Homer 
St.  Gaudens,  a  most  attractive  garden  party,  buffet  supper, 
and  dance  at  Oak  Manor  (to  which  all  were  invited),  a  drive 
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to  the  Alloghcny  Count  n,'  Club,  and  a  farewell  recei)tion 
and  niusicale  at  the  20th  Century  Club. 

The  entire  Pittsburgh  Section,  and  especially  those  re- 
sponsible for  the  various  entertainments,  pro\ided  a  meeting 
which  will  l>e  long  remembered  as  one  of  the  outstanding 
events  in  the  histor>^  of  the  Society. 


Council  Meeting 

The  meeting,  with  an  attendance  of  120,  began  its  work  in 
excellent  spirits,  following  the  announcement  by  President 
Smith  that  a  prize,  as  yet  unnamed,  but  comparable  to  the 
Nobel  prize  in  value  and  importance,  has  been  pro\-ided  for 
American  chemistry.  He  read  the  following  letter,  which  he 
had  received  from  the  /Allied  Chemical  and  Dye  Corporation: 

August  30,  1922 
Mv  DSAR  Uk.  Smith: 

Confirming  our  inter>icw  yesterday,  it  gives  me  great  pleasure  to  state 
that  the  Allied  Chemical  and  Dye  Corporation  desires  to  institute  an  annual 
priic  of  525.000  to  reward  the  chemist,  residing  in  the  I'nitcd  States,  who 
in  the  opinion  of  a  properly  constituted  jury  has  contributed  most  to  the 
benefit  of  the  science  and  of  the  world.  Realizing,  as  wc  do.  the  enormous 
influence  which  chemists  working  in  all  the  fields  of  that  science  will  have  on 
the  welfare  of  the  world,  we  desire  by  this  prize  to  so  encourage  the  workers 
that  even  larger  benefits  should  accrue  than  those  which  have  already  placed 
the  world  under  such  a  debt  of  gratitude  to  the  profession. 

We  desire  that  you  shall  make  this  announcement  at  such  time  and 
place  »s  you  shall  deem  best,  and  to  take  such  steps  as  may  be  necessary  to 
carry  the  matter  into  effect  beginning  with  the  year  1923.  We  assume  that 
a  committee,  of  which  you  will  be  chairman,  will  be  appointed  by  you  to  con- 
sider and  suggest  the  rules  governing  the  selection  each  year  of  the  chemist 
who  is  deemed  most  worthy. 

We  also  assume  that  this  committee  will  provide  for  the  appointment 
of  a  jury  to  decide  annually  who  should  be  the  recipient.  We  would  be 
glad  if  the  committee  would  arrange  the  selection  of  this  jury  so  that  this 
Company  would  have  the  appointment  of  two  members,  it  being  understood 
that  neither  of  those  members  should  be  connected  with  the  Company. 

W'e  do  not  desire  to  limit  the  gift  to  any  particular  field  of  chemistry, 
recognizing  us  we  do  the  importance  of  them  all. 

As  the  American  Chemical  Society  is  by  far  the  largest  organization 
of  chemists,  and  represents  every  field  of  the  science  in  its  membership,  wc 
have  thought  it  better  to  work  through  that  Society,  although  not  limiting 
the  gift  to  its  members.  Our  sole  desire  is  to  encourage  chemists  every- 
where in  our  country  to  do  even  more  than  they  have  been  doing  for  thc 
general  good. 

We  have  not  gone  into  details,  as  we  value  greatly  the  opinions  of  those 
who  would  naturally  be  asked  to  serve  on  the  committee,  and  do  not  desire 
to  trammel  them  in  their  deliberations. 

Vours  very  truly, 

(Signed)     Wm.    It.    Nichols,    Chairman 

The  aimouncemeni  was  received  with  great  ajiplause  and  the 
President  appointed  a  committee  to  prepare  appropriate 
resolutions  accepting  the  gift. 

The  by-laws  of  the  Cellulose  Di\'ision  were  accepted,  and 
those  of  the  Petroleum  Section  referred  back  to  the  Section, 
for  di.tciission  and  presentation  to  the  Advisory  Committee  at 
a  later  day.  The  by-laws  as  resubmitted  were  approved 
later  in  the  week  by  the  Advisory  Committee. 

Milwaukee  was  chosen  for  the  autumn  meeting  of  1923, 
which  will  be  held  during  the  week  beginning  Monday, 
ScpteinlMT   10. 

The  S.  ■  ■■  ' •'■■n  in.ide  the  important  announcement  that 

the  (1.  y   (I><)ndon),  with  which  the  I'araday 

Society  tc,  li'is  determined  to  join  with  the  Amer- 

ican ("III  iiii.  il  .-...  Hty  in  the  management  of  the  Journal 
of  Plty.iu-'il  Cii,  r...<tnj.  Correspcmdence  and  details  were 
presented  .'ind  .i  iii..tii.ii  to  jipprove  the  action  taken  and  the 
plan  devised  w:i-  iin.iiiimously  adopted.  A  motion  was 
(Missed  in  which  tin'  C.imnil  expre,s.scd  the  hoi>e  that  the  new 
Hoard  of  Editors  will  confer  with  the  editors  of  the  Joujiials 


of  the  American  Chemical  Society,  of  the  Chemical  Society 
(Loudon)  and  of  the  Faraday  Society',  in  order  to  prevent 
unnecessary  o\erlapping  of  the  fields  covered  in  tlieir  respec- 
tive publications. 

A.  B.  Lamb  was  reelected  Editor  of  the  Journal  of  the 
American  Chemical  Society,  E.  J.  Crane  of  Chemical  Abstracts, 
H.  E.  Howe  of  The  Journal  of  Industrial  and  Engineering 
Chemistry,  and  W.  A.  Noyes  of  Scientific  Monographs.  The 
selection  of  associate  editors  for  the  Journal  of  the  American 
Chemical  Society  and  for  The  Journal  of  Industrial  and  Engi- 
neering Chemistry  was  left  to  the  editors,  their  nomina- 
tions to  be  approved  by  the  Directors.  Jolui  Johnston's 
report  on  Technologic  Monographs  was  presented,  followed 
by  his  resignation,  effective  December  31,  1922.  The  Council 
empowered  the  Advisory  Committee  to  select  Ills  successor, 
and  a  vote  of  thanks  was  jaassed  expressing  appreciation  for 
the  admirable  work  which  Dr.  Johnston  has  done.  Charles 
L.  Parsons  was  unanimously  elected  Secretary  of  the  Society, 
and  an  ad  interim  report  of  the  Treasurer  was  presented  show- 
ing that  the  Society,  because  of  reduced  costs  and  careful 
management,  is  keeping  within  its  income. 

The  Advisory  Committee  was  then  empowered  to  select 
four  members  to  represent  the  American  Chemical  Society 
on  the  Board  of  Editors  of  the  Journal  of  Physical  Chemistry, 
and  suggestions  were  invited  from  members  of  the  Council. 

The  motion  to  increase  the  allotments  of  Local  Sections 
was  again  laid  upon  the  table,  to  be  considered  anew  at  the 
Milwaukee  meeting. 

The  Cornell  Section  presented  an  in\dtation  to  the  Society 
to  meet  in  Ithaca  in  1924,  which  was  filed  for  attention  one 
j'ear  hence. 

.\fter  discussion  it  was  voted  that  no  change  be  made  in  the 
I)olicy  toward  student  members,  and  that  they  should  continue 
to  receive  the  advantages  of  the  $10  rate  so  long  as  they  are 
bona  fide  students  majoring  in  chemistry  in  colleges  and 
universities.  The  following  motion  was  adopted  with  refer- 
ence to  the  presentation  of  papers  by  nonmembers: 

On  recommendation  of  the  Advisory  Committee,  it  was  voted 
that,  owing  to  the  large  number  of  papers  being  ofTercd  by  the 
Americ.\n  Chemical  Sociicty,  it  is  a  ruling  of  the  Council 
that  papers  by  nonmembers  may  be  placed  on  the  program  only 
when  of  unusual  importance,  and  then  only  with  the  joint  ap- 
proval of  the  .Secretary  of  the  Division  and  the  Secretary  of 
the  Society. 

A  committee  was  appointed  to  consider  the  importation  of 
scientific  books  at  reasonal)le  rates,  and  instructions  adopted 
calling  upon  our  Committee  on  Nomenclature  to  use  its  best 
efforts  to  bring  about  a  more  general  use  of  approved  chemical 
spelling  and  nomenclature  by  all  concerned. 

In  discussing  the  various  fellowships  and  studentships 
supported  by  industry,  the  Editor  of  The  Journal  of  Industrial 
and  Engineering  Chemistry  was  instructed  to  do  what  he  could 
toward  securing  a  complete  list  for  publication  in  This 
Journal. 

The  following  resolutions  submitted  by  the  Advisory 
Committee  were  unanimously  adopted : 

The  American  Chemical  Society,  representing  every  phase 
of  pure  and  applied  chemistrj',  in  annual  meeting  desires  to  ex- 
|)ress  its  appreciation  of  those  men  in  public  life,  who,  notwith- 
standing the  multitudinous  demands  upon  their  time,  have  been 
willing  to  endeavor  to  inform  themselves  regarding  chemistry 
and  its  relations  to  public  welfare,  national  defense,  and  industrial 
progress. 

They  are  also  to  be  commended  for  the  manner  in  which  they 
have  declared  their  findings  and  the  action  which  they  have  been 
willing  to  take  toward  securing  results  believed  to  be  beneficial 
to  our  country. 

The  American  Chemical  Society  further  expresses  its  thanks 
to  Francis  P.  Garvan,  president  of  the  Chemical  Foundation,  for 
his  sincere  efforts  to  secure  for  America  a  well-rounded  chemical 
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iiuliistry,  for  his  assistance  in  the  education  of  the  public  to  the 
importance  of  chemistry,  and  for  his  aid  in  fostering  research 
and  the  publication  of  its  results. 

A.  V.  H.  Morj'  gave  a  brief  outline  of  tlip  work  of  his  com- 
mittee on  reorganization,  indicated  somothing  of  the  scope 
wliich  they  intended  to  cover,  answered  certain  questions 
with  respect  to  the  points  under  consideration,  and  expressed 
the  hope  tliat  a  constructive  report  might  be  presented  at  the 
New  Haven  niectinp;. 

The  concluding  business  of  the  meeting  centered  about  the 
report  of  the  Connnittee  to  consider  the  question  of  a  non- 
society  employment  bureau,  of  which  Ciiarles  L.  Reese  is 
chairman.  Tlie  Committee  recommended  greater  activity 
on  the  part  of  Local  Sections  and  other  groups  in  a  position 
to  aid  men  locall}',  and  in  assisting  those  employing  chemists 


to  secure  men  well  (|iiali(icil  for  tin;  particular  place.  This 
portion  of  the  report  was  adopted,  and  followed  by  a  motion 
calling  for  a  consideration  by  the  Commit  tec  after  consultation 
with  the  Secretary  of  the  Society  and  the  l^ditor  of  The 
Journal  of  industrial  and  Engineering  Chemistry,  of  a  jjlan  t<; 
inaugurate  in  the  ofiice  of  the  Secretary  or  the  IvJitor  of  The 
Journal  of  Induxlrial  ami  Engineering  Chemistry  a  clearing- 
house for  the  exchange  of  information  between  Sections  and 
other  groups  relative  to  any  excess  of  either  men  or  positions 
in  various  localities.  A  tentative  budget  based  on  this  plan 
is  to  be  presented  at  the  Directors'  meeting  in  December. 

The  Council  adjourned  with  suitable  motions  expres.sing 
appreciation  to  all  those  who  participated  in  making  the 
Pittsburgh  meeting  so  successful. 


The  Human  Side  of  Chemistry 

By  Edwin  E.  Slosson 

Science  .Service.  1 11.5  Connecticut  .\ve  .  VVashinhtun,  D.  C. 


A  HUNDRED  years  ago  chemistry 
was  a  toy.  To-day  it  is  a  tool. 
From  the  diversion  of  the  philos- 
opher it  has  developed  into  a  practical  pro- 
fession of  the  highest  importance  to  hu- 
manity. All  the  sciences  may  be  expected 
likewise  to  earn  their  own  living  when 
they  get  old  enough.  But  chemistry  has 
in  an  astonishingly  short  time  reached 
maturity  and  become  more  than  self-sup- 
porting. W'e  have  recently  seen  factories 
hatching  from  test  tubes,  like  fowls  from 
eggs.  Some  of  our  friends  in  sciences  that 
are  older  but  do  not  yet  pay  dividends 
look  upon  chemistry  with  a  certain  sus- 
picion and  perhaps  envy  because  of  its 
success  in  a  business  way.  They  want  to 
keep  science  as  a  sport  and  seem  anxious 
lest  the  chemist  lose  his  amateur  status  by 
making  money.  They  need  not  worry,  for 
whatever  rewards  come  to  the  chemist — or 
to  his  employer — will  be  an  infinitesimal 
fraction  of  what  chemistry  has  given  to 
the  world. 

The  Chemist  Too  Modest 


The  chemist  is  the  most  modest  of  men.  He  does  not  claim 
credit  for  what  others  do.  He  does  not  claim  credit  for  all  he 
does.  Indeed,  he  often  disclaims  credit  for  some  of  his  highest 
achievements.  If  he  makes  butter,  he  is  willing  that  the  credit 
should  go  to  the  cow,  while  he  takes  the  cash;  if  he  spins  the 
silk  for  a  dress  he  pretends  that  he  is  a  mere  worm;  if  he  con- 
structs a  pearl  he  disguises  himself  as  an  oyster.  He  will  even 
condescend  to  take  the  place  of  the  humble  tortoise  and  secrete 
a  shell. 

Modesty  is  an  admirable  thing,  but  it  has  its  dangers  if  over- 
done. When  you  assume  a  deprecatory  attitude  toward  your 
achievements,  there  is  always  the  danger  that  other  folks  may 
believe  you.  They  may  take  you  at  your  own  pricemark.  It  is 
safe  to  profess  uuworthiness  only  when  you  are  sure  that  those 
present  will  contradict  you. 

The  result  of  this  persistent  attempt  of  the  chemist  to  mini- 
mize his  own  importance  is  that  the  outside  world  fails  to  ap- 


preciate the  value  of  his  contributions  to 
modem  civilization  and  does  not  at  all 
reahze  what  the  chemist  might  do  in  the 
future  if  he  had  a  free  hand.  Don't  camou- 
flage your  creations  by  calling  them  imita- 
tions. If  you  invent  a  synthetic  plastic, 
some  condensation  product  of  phenol  with 
an  aldehyde  or  an  amine,  don't  call  it 
a  mineral  or  vegetable.  Name  it  after 
yourself. 

A  synthetic  product  should  have  a  syn- 
thetic name.  One  of  the  fortunate  effects 
of  the  unfortunate  failure  of  our  patent 
laws  to  afford  proper  protection  is  that  it 
has  led  to  the  coining  of  new  names  for  new 
things;  too  often  to  the  coining  of  new  names 
for  old  things,  it  is  true,  but  still  a  good 
movement,  for  it  brings  people  to  the  rec- 
ognition of  the  fact  that  there  are  new 
things  under  the  sun  and  that  most  of  them 
come  from  the  chemist.  The  chemist  has 
h   E.  Slosson  become  the  greatest  coiner  of  words  in  the 

world.  The  rapid  expansion  of  organic 
chemistry  demanded  the  fabrication  of  some 
250,000  new  names,  with  provision  for  an  indefinite  increase  in 
the  future.  Nobody  ever  had  such  a  job  since  Adam  was 
called  upon  to  give  names  to  all  the  animals  as  they  filed  before 
him.  It  meant  doubling  the  dictionary.  In  accomphshing 
the  gigantic  task  of  constructive  philology,  the  chemist  has 
got  some  unwieldy  combinations,  but  on  the  other  hand  he  has 
under  the  pressure  of  commerciaUsm  •  contrived  some  very  neat 
and  handy  nicknames  for  everyday  use.  The  coinage  of 
"Kodak"  confounds  the  philologists.  But  they  have  deter- 
mined the  derivation  of  "balopticon"  to  their  own  satisfaction. 
It  is  derived,  they  say,  from -two  Greek  roots  "ballo,"  to  throw, 
and  "optikos,"  sight,  a  very  proper  term  for  a  projection  lantern, 
and  removes  the  suspicion  that  the  name  of  the  apparatus 
might  conceal  a  sly  reference  to  its  makers,  the  Bausch  &  Lomb 
Optical  Company. 

This  is  much  better  than  the  old  custom  of  carrying  over  old 
names  to  nen-  things.  Fish  glue  fihns  were  caUed  isinglass  as 
though  they  were  a  kind  of  glass.  When  mica  took  its  place  it 
too  was  called  isinglass,  even  in  stove  windows,  and  what  is  now 
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called  mica  is  mostly  celluloid,  and  what  is  called  celluloid, 
may  be  something  else.  Language  lingers  and  lags  behind  the 
advance  of  science.  That  is  because  the  public  cannot  realize 
the  creative  power  of  chemistry — that  a  compound  is  a  different 
thing  from  the  elements  that  compose  it. 

New  Era  i.v  Chemistry 

In  chemistry  the  whole  is  not  equal  to  the  sum  of  its  parts, 
never  qualitatively  and  possibly  not  always  quantitatively. 
If  we  put  together  four  atoms  of  hydrogen  each  weighing  1.008 
we  get  one  atom  of  helium  that  weighs  only  4.  The  .008's 
have  somehow  got  lost  in  the  shuffle. 

Chemistry  is  the  creative  science.  Don't  suspect  rac  of  taking 
advantage  of  my  position  to  work  in  anything  personal.  I  am 
quoting  Berthclot,  who  foretold  the  time  when  all  our  foods 
would  be  made  by  the  chemist.  I  do  not  see  so  far  ahead  as 
that,  but  it  is  certain  that  chemistry  is  entering  upon  a  new  era 
when  its  constructive  powers  will  have  wider  scope  and  largely 
relieve  us  of  our  forms  of  life.  The  chemist  of  the  future  will  not 
be  content  to  do  analytical  work  such  as  the  house  wrecker  does, 
or  imitative  work  such  as  the  forger  does,  but  the  chemist  will 
do  original  work  such  as  he  alone  can  do. 

The  future  of  civilization  is  fixed  by  the  scientist  because  he 
has  the  power  to  control  the  basic  reaction  on  which  our  vital 
and  mechanical  power  depends,  the  oxidation  of  carbon  and  hy- 
drogen. All  wealth  is  in  its  essence  energy,  and  the  material 
sources  of  energy  are  practically  but  two,  food  and  fuel.  \ery 
similar  in  composition  and  just  alike  in  their  final  products.  If 
the  fuel  falls  short,  our  mwlern  civilization  will  disappear  and 
humanity  will  revert  to  a  primitive  condition.  If  our  food 
supply  falls  short,  life  itself  will  be  limited.  The  two  factors  of 
civilization,  mass  and  potential,  population  and  the  standard  of 
living,  quantity  and  quality,  arc  functions  of  the  food  and  fuel 
supply.  The  Law  of  Malthus  has  often  been  refuted  but  has 
never  l>cen  repealed.  The  world  has  now  been  all  surveyed  and 
staked  out  in  claims  like  a  mining  camp  after  the  first  rush  is  over, 
tjuarrels  over  stakes  and  limits  will  continue  and  we  can  only 
hope  that  they  will  be  settled  in  court  rather  than  by  the  cruder 
nietluxis  of  Roaring  Camp.  The  late  unpleasantness  was  started 
by  a  claim  jum(Kr  who  was  too  c|uick  with  his  shooting  iron  and 
had  to  l)e  handled  by  the  vigilance  committee.  But  how  such 
quarrels  are  to  be  settled  in  the  future  is  no  more  the  concern  of 
the  chemist  than  of  any  other  citizen.  The  peculiar  business  of 
the  chemist  is  to  see  that  there  is  something  worth  quarreling 
alxnit.  He  is  to  show  hi>w  to  create  and  economize  wealth  and 
is  not  res|M>nsible  for  its  abuse  and  destruction. 

The  jK-rio<l  of  the  extension  of  civilization  is  approaching  its 
end,  and  henceforth  progress  must  take  the  form  of  intensifica- 
tion of  civilization.  People  must  cease  to  expand  and  begin  to 
construct  There  are  no  more  continents  to  discover.  No  more 
worlds  to  conquer.  The  new  era  will  require  new  methods  and 
here  the  constructive  powers  of  the  chemist  will  come  into  play. 
The  world  will  more  and  more  come  to  depend  upon  him.  It 
docs  not  require  any  chemistry  to  pick  a  cocoanut  off  a  palm 
tree  It  only  requires  a  rope  and  prehensile  toes.  But  it  does 
require  chemistry  to  extract  the  oil  from  the  copra  and  hydro- 
genatc  it  and  sell  it  as  a  bread  spread  to  a  hostile  public.  It  docs 
not  require  any  chemistry  to  manure  a  field,  but  it  does  require 
dicmislry  to  fix  the  free  nitrogen  of  the  air. 

Chemistry  is  continually  gaining  ground  from  biology.  Vast 
areas,  which  biologists  once  claimed  but  had  neglected,  have 
now  gone  over  to  the  chemists  In  fact,  it  seems  that  whenever 
a  vital  proie.ss  or  profluct  had  l>een  thoroughly  studied  and 
uiiderstiiod,  it  is  found  to  belong  to  physics  or  chemistry.  Con- 
sequently, the  chemist  is  inclined  to  regard  biology  as  merely  an 
unexplored  province  of  chemistry.  Many  a  loyal  biologist  in 
pursuit  of  some  legitimate  line  of  research  well  within  his  own 
territory  has  found  in  the  course  of  time  that  he  has  uncon- 
sciously become  a  chemist      Pasteur  many  years  ago  crossed  the 


boundary  in  the  opposite  direction;  while  hunting  up  assym- 
metric  crystals  he  got  over  into  abiogenesis.  As  an  offset  to  our 
gains  from  biology  we  have  lost  to  physics  the  invaluable  pro\'ince 
lying  inside  the  atom.  In  the  modus  vivendi  that  prevailed 
when  I  was  a  student,  anything  bigger  than  the  molecule  be- 
longed to  the  physicist,  and  everything  smaller  to  the  chemist. 
But  a  band  of  bold  physicists,  led  by  Thomson  and  Rutherford, 
made  a  raid  into  the  hinterland  of  chemistry  and  captured  the 
interior  of  the  atom.  Scientific  boundaries,  like  national  bound- 
aries, are  merely  imaginary  lines  and  may  be  drawn  at  con- 
venience, though  they  are  mostly  drawn  at  inconvenience. 

The  new  era  that  we  are  entering  is  a  period  of  merger  in  the 
sciences.  The  traditional  boundaries  are  being  wiped  out.  The 
nice  precise  little  dogmatic  definitions  and  distinctions  that  used 
to  fill  the  first  few  pages  of  an  elementary  chemistry  textbook 
have  run  together  like  bad  dyes  in  warm  water.  The  old  arbi- 
trary division  lines  between  chemistry  and  physics,  organic  and 
inorganic,  natural  and  artificial  matter  and  energy,  molecule 
and  mass,  chemical  affinity  and  adhesive  forces,  are  disappearing. 
Scientists  are  discovering  what  the  artists  have  long  known — 
that  there  are  no  lines  in  nature. 

Acetic  acid  may  be  made  by  a  vinegar  plant  or  by  a  hydro- 
electric plant.  A  reaction  may  be  accelerated  by  a  high  temper- 
ature or  a  catalytic  metal.  It  has  recently  been  announced  that 
rickets  in  children  may  be  cured  by  sunlight  or  cod-liver  oil. 
Let  us  hope  that  the  children  will  be  allowed  their  choice  of  which 
remedy  they  will  take. 

Every  annual  session  of  this  Society  knocks  some  of  our  old 
ideas  in  the  head.  At  this  meeting  Professor  McKee  will  try 
to  persuade  us  that  there  is  no  shale  oil  in  oil  shale,  and  Professor 
Bancroft  that  there  is  no  color  in  the  peacock's  tail. 

Chemistry  is  now  passing  through  a  revolutionary  era  like  that 
of  L^O  years  ago  when  Lavoisier's  balance  overthrew  the  phlo- 
giston theory.  But  as  Priestley  stuck  to  phlogiston  to  the  day 
of  his  death,  although  his  discovery  of  oxygen  had  given  it  the 
deathblow,  so  some  of  us  elders  show  a  certain  reluctance  in 
relinquishing  our  old  familiar  images.  There  was  something 
solid  and  satisfying  about  our  molecular  models  made  of  wooden 
balls,  stained  with  aniline  dyes  and  stuck  together  vrith  wires. 
But  these  have  now  been  relegated  to  the  top  shelves  of  the 
storeroom  and  we  have  to  get  used  to  a  newfangled  atom,  com- 
posed of  a  vacuum  and  algebraic  symbols.  Minus  marks  are 
flying  round  a  plus  mark  like  automobiles  on  a  race  course  and 
whenever  one  skids  it  flashes  its  light.  In  place  of  a  stout  wirey 
valence  bond,  stiff  and  straight,  that  sticks  when  it  is  once  put 
into  its  hole,  we  are  offered  two  electrons  playing  tag  in  a  ring, 
like  cats  chasing  each  other's  tails. 

But  the  new  conceptions,  as  we  all  realize,  are  vastly  in  ad- 
vance of  the  old,  for  they  give  us  the  ability  to  handle  the  ulti- 
mate and  individual  units  of  matter.  Clerk  Maxwell  held  that 
the  laws  of  nature  were  merely  and  inevitably  statistical,  that 
we  could  only  deal  with  averages  of  multitudes  of  indistinguish- 
able molecules  and  movements.  If  that  were  true,  chemistry 
would  be  less  of  an  exact  science  than  sociology,  for  the  chemist 
cannot  tell  within  many  million  how  many  molecules  will  pass 
in  a  minute  through  a  tube  connecting  two  flasks  of  gases  of 
unequal  density,  while  the  social  statistician  can  tell  within  a 
few  thousand  how  many  people  will  pass  in  a  day  through  the 
Hudson  tube  connecting  Jersey  City  and  New  York.  But  now 
that  we  have  the  jiower  to  discern  and  track  the  individual  atom 
and  even  electron,  Maxwell's  argument  no  longer  holds.  We 
can  sort  out  isotopes  by  their  weights  and  divide  electrons  ac- 
cording to  their  velocities.  We  have,  therefore,  virtually  found 
the  sorting  demon  which,  as  Maxwell  foresaw,  might  upset  or 
evade  the  second  Law  of  Thermodynamics  and  so  bring  order 
out  of  disorder  and  work  out  of  uniform  temperature. 

Maxwell  argues  that  all  the  atoms  of  an  element  must  have  the 
same  weight,  for  he  says  ("Theory  of  Heat,"  p.  .329): 
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If  the  molecules  of  some  substance,  such  as  hyelrotjeii,  were  of 
sensibly  greater  mass  than  others,  we  wouUi  liave  the  means  of 
producing  a  seixiration  between  molecules  of  different  masses  and 
in  this  way  we  should  be  able  to  produce  two  kinds  of  hydrogen, 
one  of  which  would  be  somewhat  denser  than  the  other.  As 
this  cannot  be  done,  we  must  admit  that  the  equality  which  we 
assert  to  exist  between  the  molecules  of  hydrogen  applies  to  each 
individual  molecule  and  not  merely  to  the  average  of  groups  of 
millions  of  molecules. 

But  now  that  Harkins  has  been  able  to  separate  hydrochloric 
acid  gas  into  denser  and  rarer  portions  by  simply  passing  it 
through  a  series  of  church-warden  tobacco  pipes,  Maxwell's 
argument  proves  the  reverse  of  what  he  thought. 

Energy,  like  matter,  has  come  under  the  atomic  theory,  and 
here,  too,  we  are  becoming  acquainted  with  its  individual  units. 
As  Millikan  catches  and  counts  the  electrons  on  suspended 
droplets,  so  Silberstein  catches  and  counts  the  quanta  of  light 
on  Trivelli's  silver  bromide  crystals.  A  single  quantum  of 
light  knocks  out  an  electron  from  a  molecule  and  so  disturbs  the 
equilibrium  of  the  salt  that  the  whole  crystal  can  be  reduced  to 
the  metallic  state  by  a  developer.  A  faint  light  hits  only  a 
comparatively  few  crystals  here  and  there  upon  the  sensitive 
plate.  A  longer  exposure  hits  some  more.  So  Silberstein  con- 
cludes that  light  comes  like  scattered  raindrops,  not  in  a  con- 
tinuous stream.  I  gather  from  this  that  we  should  not  speak  of 
"a  flood  of  light,"  for  according  to  Silberstein  it  never  pours  but 
it  rains. 

Possibly  these  wavy  arrows  of  actinic  rays,  which  knock  off 
electrons  so  easily  when  they  hit  a  metallic  target,  may  insti- 
gate in  the  same  way  other  or  all  reactions  started  by  light. 
This  may  be  the  signal  that  starts  the  machinery  going  in  the 
carbohydrate  factory  of  the  green  leaf.  If  so,  we  may  learn  to 
better  nature  in  this  business  as  we  have  in  others  and  set  up 
solar  engines  of  our  own. 

The  chemist  provides  the  motive  power  of  the  world,  the 
world  of  man,  not  the  inanimate  globe.  Archimedes  said  he 
could  move  the  world  if  he  had  a  long  enough  lever.  The 
chemist  moves  the  world  with  molecules.  If  he  can  only  get 
control  of  the  electron,  he  will  be  in  command  of  unlimited 
energy.  For  in  this  universe  of  ours  power  seems  to  be  in  in- 
verse ratio  to  size  and  the  minutest  things  are  mightiest. 

When  we  enter  the  realm  of  intra-atomic  chemistry,  we  get 
behind  the  elements  and  may  effect  more  marvelous  trans- 
formations than  ever.  The  smaller  the  building  blocks  the 
greater  the  variety  of  buildings  that  can  be  constructed.  The 
chemistry  of  the  past  was  a  kind  of  cooking.  The  chemistry  of 
the  future  will  be  more  like  astronomy ;  but  it  will  be  a  new  and 
more  useful  sort  of  astronomy  such  as  an  astronomer  might 
employ  if  he  had  the  power  to  rearrange  the  solar  system  by 
annexing  a  new  planet  from  some  other  system  or  expediting  the 
condensation  of  a  nebula  a  thousand  times.  • 

But  if  the  chemist  is  to  become  an  electron  astronomer,  he  will 
have  to  become  a  mathematician  of  the  highest  order.  He  may 
even  have  to  enter  the  fourth  dimension.  In  the  good  old  days 
a  chemist  did  not  have  to  know  any  mathematics  but  arithmetic 
and  that  only  as  far  as  percentage  and  the  rule  of  three.  He  had 
nothing  harder  to  do  than  to  figure  out  his  analyses  so  as  to  add 
up  to  100  per  cent,  and  he  did  not  dare  to  bring  them  out  exactly 
to  100  because  that  would  look  suspicious.  But  some  twenty 
years  ago  it  became  apparent  that  the  chemist  could  not  keep  up 
■with  the  progress  of  his  science  unless  he  passed  in  mathematics 
beyond  the  eighth  grade.  It  was  then  that  I  dropped  out  of 
chemistry  and  took  to  journalism,  a  field  that  so  far  has  not  been 
invaded  by  the  mathematician. 

The  constructive  chemist  must  often  begin  by  destruction. 
He  must  shatter  this  sorry  scheme  of  things  in  order  to  remold  it 
nearer  to  his  heart's  desire.  To  effect  the  disintegration  that 
must  precede  the  reintegration,  the  most  useful  agencies  are  high 
temperature  and  pressure. 


The  Fuel  Problem 

The  strike  has  brought  home  to  us  the  fuel  question  —since  it 
does  not  bring  home  the  fuel.  The  expansion  of  jrapulation  and 
the  development  of  civilization,  even  their  maintenance  at  the 
present  standard  of  life,  depend  upon  fmdtng  new  and  perpetual 
sources  of  mechanical  energy.  The  paramount  importance  of 
this  question  has  been  recognized  by  the  International  Research 
Council,  which  at  its  Brussels'  meeting  on  July  2!i  adopted,  as  one 
of  three  subjects  for  cooperative  study  by  the  twenty  nations 
represented,  the  investigation  of  the  energy  supply  of  the  world. 
This  was  a  project  recommended  by  the  National  Research  Coun- 
cil of  the  United  States,  which  presented  a  plan  for  the  systematic 
survey  of  all  possible  and  conceivable  means  of  obtaining  me- 
chanical power  for  the  purpose  of  ascertaining  which  seem 
sufficiently  adequate  and  feasible  to  warrant  special  research. 
In  this  international  investigation  of  the  dynamic  foundations 
and  future  of  our  civilization,  the  American  Chemical  Society 
is  qualified  to  take  a  leading  part.  No  achievements  would  be 
better  worth  our  $25,000  prize  than  a  discovery  opening  up  a 
new  source  of  mechanical  energy. 

All  our  food  and  all  our  fuel,  all  our  muscular  and  machine 
power,  depend  upon  the  peculiar  ability  of  the  little  green  gran- 
ules of  vegetation  to  build  up  carbohydrates  out  of  air  and  water. 
The  green  leaf  reaction — or,  if  you  insist  upon  having  it  in  Greek, 
the  chlorophyl  reaction — is  the  sole  support  of  all  plant  and 
vegetable  life  and  without  it  the  earth  would  be  a  desert  planet 
like  the  moon. 

If  the  work  of  the  world  were  really  done  by  "horse  power,"  as 
we  still  call  it,  man  would  have  reached  the  limits  of  civilization 
a  hundred  years  ago,  for  a  horse  requires  hay  and  hay  requires 
land  and  there  would  not  be  enough  land  in  the  world  to  provide 
for  the  horse  power  we  are  now  using.  Supplementing  the 
green  fields  with  the  coal  fields,  man  has  not  only  prevented 
civilization  from  coming  to  a  stop,  but  has  given  it  an  unprece- 
dented forward  impetus.  The  iron  horse  feeds  on  subterranean 
pastures.  He  is  living  on  crops  of  the  Carboniferous  Era. 
Modem  civilization  basks  in  the  sunshine  that  fell  upon  the 
earth  unmeasured  millenia  ago.  We  are  living  on  our  capital, 
drawing  on  the  coal  banks.  Sometime  we  must  begin  to  earn 
our  own  living,  to  grow  our  fuel  as  we  go. 

Meantime,  the  amount  of  solar  energy  that  is  being  stored  up 
in  the  plants  every  summer  is  ten  times  as  great  as  that  released 
by  the  combustion  of  coal.  But  coal  is  more  condensed  and 
convenient  than  wood.  Oil  and  gas  are  still  better  fuels.  It 
would  seriously  check  the  progress  of  civilization  if  the  world  had 
to  return  to  the  wood  basis,  as  it  was  150  years  ago. 

We  have  been  wasting  year  by  year  half  of  our  natural  gas  and 
three-quarters  of  our  petroleum.  The  supply  of  gas  has  fallen 
off  by  a  quarter  in  the  last  five  years,  and  soon  will  be  running 
short.  Our  oil  reserves  will  not  last  long,  fifteen  or  twenty 
years  at  the  present  rate  of  consumption  is  aU  the  geologists  will 
allow  us.  At  any  rate  the  gasoline  tank  is  getting  low  and  no 
ser\Mce  station  is  in  sight. 

Still  the  trees  and  tiny  plants  flaunt  their  foUage  provocatively 
in  the  face  of  the  passing  scientist,  who  must  confess  that  he  can 
not  yet  accomplish  what  they  do  so  easily — these  little  green- 
leaf  laboratories,  these  filmy  factories,  noiseless,  smokeless, 
odorless,  that  with  no  reagents  but  air  and  water  and  no  power 
but  the  sunshine  build  up  by  the  ton  the  most  complicated 
carbohydrates  out  of  the  simplest  compounds  of  the  commonest 
elements,  carbon,  hydrogen  and  oxygen. 

Still,  the  sun,  sole  source  of  all  our  life  and  weather,  floods  half 
the  earth  with  its  rays,  and  the  land  that  receives  the  most  of 
this  potential  wealth  is  the  land  that  retains  the  least  of  it,  the 
arid  region  of  the  tropics.  A  section  of  the  Sahara,  forty  miles 
square,  receives  in  six  hours  a  day  as  much  heat  as  is  produced 
by  the  coal  burned  in  the  twenty-four  hours  throughout  the 
world.     If  only  a  small  fraction  of  this  wasted  energy  could  be 
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economically  stored  up  and  set  at  work  by  some  sort  of  solar 
engine,  we  need  not  worry  about  the  exhaustion  of  our  oil,  gas, 
and  coal.     There  would  be  wealth  enough  for  all. 

Here,  then,  is  the  greatest  problem  of  conservation,  the  kind 
of  conservation  that  consists  in  utilization.  But,  being  ac- 
customed to  such  wastefulness,  it  docs  not  excite  attention. 
Nobody  is  bothering  about  it  e.\cept  a  few  chemists,  and  thty 
do  not  know  how  to  help  it. 

Kvery  tiny  grass  blade  points  the  finger  of  scorn  at  the  chemist 
and  says  "Sec  how  wc  do  it.     Don't  you  wish  you  could?" 

And  the  chemist,  with  command  of  pressures  varying  from  a 
vacuum  to  the  jjoint  where  steel  tlows  like  tar,  and  with  com- 
mand of  temi>craturcs  ranging  from  the  boiling  point  of  carbon 
almost  to  absolute  zero,  is  still  obliged  to  confess  that  he  cannot 
accomplish  on  a  commercial  scale  the  simple  reaction  of  the 
polymerizing  of  formaldehyde.  Even  if  he  knew  how,  he  coultl 
not  hope  to  compete  with  plants  on  their  own  ground  because 
they  have  at  their  command  free  raw  materials  and  the  cheap 
labor  of  protoplasm,  liven  a  professor  of  chemistry  cannot 
live  as  cheaply  as  a  cornstalk. 

But  there  are  as  many  celluloses  as  there  are  sugars  and  it  is 
not  proltable  that  tliose  that  the  plants  have  prepared  for  their 
own  purposes  would  be  the  best  for  all  human  purposes.  Just 
as  wc  have  found  that  better  dyes  and  drugs  can  be  made  in  the 
factory  than  con  be  found  in  nature,  so  we  may  surmise  that 
some  of  the  fundamental  foodstuffs — starches,  sugars,  fats,  and 
even  proteins-  may  possibly  be  improved  upon. 

More  important  and  promising  than  the  possibility  of  syn- 
thetic foot!  is  the  possibility  that  we  may  devise  some  better 
method  of  rapturing  solar  energy  than  the  plants  have  hit  upon. 
We  have  no  reason  to  assume  that  the  carbohydrates  are  the 
only  way  of  solidifying  sunshine.  The  chlorophyl  process  is  shock- 
ingly wasteful.  Less  than  one  per  cent  of  the  solar  energy  that 
falls  upon  a  leaf  is  fixed  in  the  form  of  carbohydrates,  from  which 
it  may  Ik-  later  released  by  oxidation.  The  crude  steam  engines, 
set  up  in  ligypt,  catching  sunshine  by  cylindrical  mirrors  and 
throwing  the  heat  upon  lilackehed  water  pipes,  have  an  eflicienoy 
of  some  four  per  otiil,  much  higher  than  the  green  plant. 

Hut  a  steam  engine  at  best  Is  an  incfhcient  machine,  and  now 
that  we  nil-  able  to  guide  streams  of  electrons  where  we  will  and 
sort  them  out  according  to  speeds  by  means  of  grids  acting  like 
Maxwell's  demon,  wc  may  reasonably  hope  to  utilize  the  radiant 
energy  of  the  sun  directly  for  power  purposes.  This  is  not  a 
visionary  project  such  as  drawing  upon  the  cxhaustless  forces 
inside  the  atom.     That  may,  tor  all  we  know,  remain  forever 


an  impossibility.  What  I  am  talking  about,  the  fixation  of  solar 
energy,  is  something  that  we  know  can  be  done,  for  we  see  it  in 
the  grass  every  sunny  day.  If  sunshine  can  excite  a  selenium 
cell  and  decompose  silver  bromide  on  a  photographic  plate,  it 
may  be  made  to  do  work  of  another  sort  and  on  a  larger  scale. 
Here,  at  any  rate,  is  the  greatest  problem  that  the  world  presents, 
and  the  highest  prites  are  offered  for  its  successful  solution. 

"Experiments  of  Light" 

I  suppose  that  all  of  us  have  tried  erratic  experiments  that  wc 
would  not  care  to  confess  before  our  colleagues  in  such  an  as- 
semblage as  this.  Crazy  ideas  will  pop  up  in  the  best-regulated 
brains  from  some  subconscious  cellar,  and  we  try  them  out 
on  Saturday  afternoon  when  there  is  nobody  else  around,  just 
to  see  what  will  come  of  them.  They  do  not  appear  in  our 
published  reports — unless  they  happen  to  succeed — in  which 
case  we  claim  full  credit  for  our  foresight  in  imdertaking  an 
operation  that  ordinary  minds  would  have  condemned  in  ad- 
vance as  ab.5urd. 

Now  it  is  interesting  to  observe  that  such  irrational  experimen- 
tation is  distinctly  recommended  by  the  philosopher  who  laid 
down  the  laws  of  experimental  science  that  have  in  the  three 
centuries  since  accomplished  such  amazing  achievements.  Lord 
Bacon,  after  listing  in  his  precise  and  orderly  manner  all  the 
various  ways  that  we  may  be  guided  in  our  researches  by  theory, 
observation,  and  previous  experiment,  concludes  quite  unex- 
pectedly by  adding  a  new  category,  what  he  calls  the  experiments 
of  a  madman,  and  defines  as  follows: 

Wlien  you  have  a  mind  to,  try  something  not  because  reason 
or  some  other  experiment  leads  you  to  it,  but  simjily  because 
such  a  thing  has  never  been  attempted  before.  The  leaving  I 
say  of  no  stone  in  nature  unturned.  For  the  raagnalia  of  nature 
generally  lie  out  of  the  common  roads  and  beaten  paths  so  that 
the  very  absurdity  of  the  thing  may  sometimes  prove  of  service. 
But  if  reason  go  along  with  it,  that  is,  if  it  be  evident  that  an 
exijeriment  of  this  nature  has  never  been  tried,  then  it  is  one  of 
the  best  ways  and  plainly  shakes  the  folds  out  of  nature. 

The  example  Bacon  gives  of  such  unprecedented  experiments 
is  of  peculiar  interest  to  us: 

Hut  of  what  I  may  call  close  distillation  no  man  has  yet  made 
trial,  ■yet  it  seems  probable  that  the  force  of  heat,  if  it  can  per- 
form its  exploits  of  alteration  within  the  enclosure  of  the  body, 
where  there  is  neither  loss  of  the  body  nor  yet  means  of  escape, 
will  succeed  at  last  in  handcufTmg  this  Proteus  (Jf  matter  and  driv- 
ing it  to  many  transformations;  only  the  heat  must  be  so  regu- 
lali  (I  and  varied  that  there  be  no  fracture  of  the  vessels. 
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No  one  should  be  disheartened  or  confounded  if  the  experi- 
ments which  he  tries  do  not  answer  his  expectation.  For  though 
a  successful  experiment  be  more  agreeable,  yet  an  unsuccessful 
one  is  oftentimes  no  less  instructive.  And  it  must  ever  be  kept 
in  mind  (as  I  am  continually  urging)  that  experiments  of  Light 
are  even  more  to  be  sought  after  than  experiments  of  Fruit. 

What  Bacon  was  "continually  urging" — that  "experiments  of 
Light."  those  that  lead  to  enlightenment  on  fundamental 
principles,  "are  even  more  to  be  sought  after  than  experiments 
of  Fruit,"  those  that  bring  practical  results — needs  more  than 
ever  to  be  kept  in  mind  at  the  present  day,  when  public  and  em- 
ployers are  impatient  of  research  that  does  not  bring  immediate 
and  profitable  returns.  So  it  is  worthy  of  notice  that  the  example 
which  Bacon  cites  as  the  experiment  of  a  madman — that  is, 
destructive  distillation — has  been  peculiarly  productive  of  both 
Light  and  Fruit.  Applied  to  coal,  it  has  given  us  coke  for  metal- 
lurgy, gas  for  cities  and  shops,  and  coal-tar  products  of  innumer- 
able variety  and  inestimable  value.  Applied  to  petroleum,  it 
has  increased  the  yield  of  gasoline  by  some  2,000,000  gallons  a 
day.  By  thus  "handcuffing  this  Proteus  of  matter  and  driving 
it  to  many  transformations"  we  have  gained  an  insight  into  the 
structure  of  the  molecule  and  the  chemistry  of  life. 

An  Agent  for  Democracy 

Chemistry  is  the  most  effectual  agent  for  democracy,  since  it 
actually  accomplishes  in  regard  to  many  material  things  that 
equality  which  legislation  aims  to  bring  about  in  the  political 
sphere.  Luxuries,  forinerly  the  monopoly  of  the  privileged 
classes,  become,  through  applied  science,  the  common  property 
of  the  masses.  The  "royal  purple"  of  the  ancients  and  dyes 
far  more  beautiful  are  now  to  be  had  on  the  bargain  counter, 
and  Solomon  in  all  his  glory  was  not  arrayed  like  the  modem 
American  maiden.  Even  though  her  purse  be  scant  she  need  not 
lack  jewels  and  perfumes  and  fine  raiment  such  as  once  were 
worth  a  slave's  life.  In  early  ages  the  man  who  owned  a  piece 
of  steel  shaped  it  into  a  sword  and  made  himself  master  of  his 
fellows.  Now  we  make  buildings  out  of  steel  and  he  who  lives 
in  the  garret  of  one  of  them  could  look  down  on  the  tower  of 
Babel.  The  Feudal  Age  vanished  at  the  first  whiff  of  gunpowder, 
for  that  de-idce  of  the  Black  Art  leveled  the  natural  and  the  arti- 
ficial inequalities  of  humanity  in  warfare,  for  with  a  gun  in  his 
hand  the  churl  could  meet  the  knight  on  equal  footing  and  the 
dwarf  was  match  for  the  giant — more  than  a  match,  for  he  had 
the  larger  target.  'Medicines  such  as  a  prince  could  not  have  pro- 
cured, though  his  physicians  surveyed  the  earth  from  China  to 
Peru,  are  now  at  hand  to  cure  the  pauper.     The  new  chemical 


motive  powers  have  given  man  in  the  automobile  a  very  fair 
substitute  for  the  seven-league  boots  of  the  fairytale;  they  enable 
him  to  go  down  into  the  sea  in  ships  on  more  or  less  lawful  oc- 
casions, and  they  have  endowed  him  with  the  wings  that  he  has 
always  longed  for  but  never  expected  to  get  until  he  reached 
Heaven.  Books  are  no  longer  chained  up  in  treasuries  but, 
manifolded  by  the  magic  of  ink,  are  to  be  bought  on  the  street 
comer  like  peanuts;  pictures  from  the  private  gallery  of  prince 
or  plutocrat  are  multiplied  by  the  same  mechanism  and  scattered 
throughout  the  land.  We  do  not  have  to  pay  ten  dollars  to  hear 
one  song  by  Galli  Curd  since  we  can  hear  her  at  home  with  as 
many  encores  as  we  like.  Caruso,  though  dead,  yet  speaketh. 
His  voice  has  been  embalmed  by  carbolic  acid.  Events  that  few 
could  witness  are  brought  to  all  of  us  on  the  celluloid  film.  So, 
whether  it  be  the  satisfaction  of  our  material  wants  or  the  grati- 
fication of  our  aspiration  for  art  and  literature,  the  chemist  acts 
as  the  agent  of  apphed  democracy.  Democracy  has  been  en- 
gaged in  a  struggle  for  life  lasting  five  years  and  has  emerged 
triumphant — thanks  to  the  chemist.  For  war  has  now  become 
essentially  a  branch  of  apphed  chemistry,  carried  on  almost 
entirely  by  chemical  weapons  and  chemical  defenses.  Germany, 
regarding  herself  as  the  heaven-bom  leader  of  mankind  in  this 
science,  attempted  to  use  it  to  estabUsh  her  poUtical  supremacy 
in  the  world,  but  in  spite  of  her  advantage  at  the  start  she  was 
foiled  in  the  end  by  the  democratic  nations.  She  had  freed 
herself  in  advance  from  dependence  upon  the  nitrate  beds  of 
Chile  for  her  explosives  by  developing  methods  of  making  ni- 
trates from  the  air. 

The  war  is  over  and  Germany  has  been  relieved  by  the  AUies 
of  the  burden  of  armament  that  still  weighs  upon  the  victorious 
nations.  But  Germany,  unlike  the  United  States,  finds  it  prof- 
itable to  proceed  \rith  the  Haber  process  even  in  time  of  peace. 
We  need  have  no  fear  of  such  a  catastrophe  as  the  explosion  of 
Oppau.  If  the  Muscle  Shoals  plant  should  blow  up  now,  the 
loss  of  life  would  be  considerably  less.  It  is  curious  to  recall  that 
the  aUied  a^-iators  were  never  able  to  blow  up  the  Oppau  works 
despite  their  gallant  and  persistent  attempts,  yet  now  the  Ger- 
mans without  outside  aid  have  removed  the  entire  establishment 
from  the  earth  vrith  the  greatest  ease.  The  moral  of  this  is  the 
old  maxim,  "If  a  thing  is  to  be  done,  do  it  yourself." 

The  Washington  Conference  on  Reduction  of  Armament 
decided  to  prohibit  the  toxic  forms  of  chemical  warfare  but  not 
the  explosive.  Consequently,  we  cannot  use  gases  against  our 
foreign  foes,  though  they  may  be  stiU  employed  against  our 
own   people   when   disorderly.     Even   the   comparatively   mild 
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lachrymatoo'  and  stcrnutaton'  gases  are  officially  debarred. 
We  m.iy  use  chemicals  to  draw  blood  from  our  enemies  but  not 
to  draw  tears.  Our  military  authorities  seem  determined  that 
the  American  Army  shall  never  be  sneezed  at. 

Whether  this  paper  prohibition  will  hold  against  an  unscrupu- 
lous or  desperate  enemy  or  whether  our  soldiers  may  some  day 
be  caught  unprepared  as  were  the  British  at  Ypres,  must  be  left 
for  time  to  determine.  But  since  the  chemists  of  the  country 
are  not  responsible  for  the  risk,  they  may  rejoice  in  the  mean- 
time at  being  relieved  of  the  distasteful  task  of  devising  modes  of 
destruction  and  concentrate  their  attention  upon  the  construc- 
tive side  of  their  science. 

Sociological  Influence 

The  chemist  is  not  merely  a  manipulator  of  molecules;  he  is 
a  manager  of  mankind.  His  discoveries  and  inventions,  his 
economics  and  creations,  often  transform  the  conditions  of  ordi- 
nary life,  alter  the  relations  of  national  power,  and  shift  the  cur- 
rents of  thought,  but  these  revolutions  are  effected  so  quietly 
that  the  chemist  docs  not  get  recognition  for  what  he  accom- 
plishes, and  indeed  does  not  usually  realize  the  extent  of  Tiis 
sociological  influence. 

I'or  instance,  a  great  change  that  has  come  over  the  world  in 
recent  years  and  has  made  conditions  so  unUke  those  existing 
in  any  previous  period  that  historical  precedents  have  no  appli- 
cation to  the  present  problems,  is  the  rapid  intercommunication  of 
intelligence.  Anything  that  anybody  wants  to  say  can  be  com- 
municated to  anylwdy  who  wants  to  hear  it  anywhere  in  all  the 
wide  world  within  a  few  minutes,  or  a  few  days,  or  at  most  a  few 
months.  In  the  agencies  by  which  this  is  accomplished,  rapid 
transit  by  ship,  train  or  automobile,  printing,  photography, 
telegraph,  and  telephone,  wired  or  wireless,  chemistry  plays  an 
essential  part,  although  it  is  so  unpretentious  a  part  that  it  rarely 
receives  recognition.  For  instance,  the  expansion  of  literature 
and  the  spread  of  enlightenment  which  put  an  end  to  the  Dark 
Ages  is  ascrilx-d  to  the  invention  of  movable  type  by  Gutenberg, 
or  somelMxly  else,  at  the  end  of  the  14th  century.  But  the 
credit  l«.4ongs  rather  to  the  unknown  chemist  who  invented  the 
prticess  of  making  paper.  The  ancient  Romans  stamped  their 
bricks  and  lead  pipes  with  tyi)e,  but  printing  had  to  wait  more 
than  a  thousand  years  for  a  supply  of  paper.  Movable  type  is 
not  the  essential  feature  of  printing,  for  most  of  the  printing  done 
nowadays  is  nvt  from  movable  type,  but  from  solid  lines  or  pages. 
We  could  if  necessary  do  away  with  type  aud  press  altogether, 
and  use  some  photographic  methixl  of  composition  and  repro- 
duction, but  we  could  not  do  without  paper.  The  invention  of 
wiKHl-pulp  paper  has  done  more  for  the  expansion  of  literature 
than  did  the  invention  of  rag  paper  .six  hundred  years  ago. 

For  the  conveyance  of  ideas  the  picture  is  often  more  effective 
than  the  word  and  here  the  photographic  processes  of  multiplica- 
tion due  to  the  chemist  are  the  essential  factors. 

It  is  interesting  to  live  at  a  time  when  we  can  witness  the  birth 
of  n  new  art.  Such  was  the  last  quarter  of  the  fifteenth  century 
when  the  art  of  printing  books  was  being  developed.  Such  is  the 
first  (juarter  of  the  twentieth  century  when  the  art  of  depicting 
motion  is  iK-ing  develofx.-d.  In  fact,  the  mo\nng  picture  has  a 
better  title  to  the  term  "a  new  art"  than  had  printing,  to  which 
it  was  applied  so  long  ago.  Printing  was  not  so  much  a  new 
art  as  a  mechanical  extension  of  an  old  art,  one  of  the  oldest 
and  U'st  develoiK-d  of  the  fine  arts,  the  art  of  calligraphy.  The 
first  printed  tnioks  were  but  cheap  and  inferior  imitations  of  the 
handsome  handwritten  volumes  of  that  day.  Even  to-day 
with  four  hundred  and  fifty  years  of  progress  it  is  in  cheapness 
and  convenience  rather  than  beauty  that  the  mo<lern  book  sur- 
passes the  ancient  manuscript. 

Now  in  the  same  way  the  moving  picture  does  for  the  drama 
what  printiiiK  did  for  literalnrc,  that  is— it  brings  it  within  reach 
of  the  multitude  through  a  pnicess  of  mechanical  manifolding. 


But  it  docs  something  vastly  more  important  tlian  this.  It 
makes  possible  for  the  first  time  the  unlimited  reproduction  of 
actual  events.  This  world  of  ours  is  a  moving  world  and  no 
static  art  can  adequately  represent  it.  There  is  no  such  thing  as 
still  life,  or  still  anything  else  in  the  whole  universe.  Every- 
where and  always  there  is  motion  and  only  motion  and  any 
representation  of  reality  at  rest  is  a  barefaced  humbug.  The 
more  realistic  the  painting  or  sculpture  the  more  obvious  the 
failure.  Myron's  "Discobolus"  and  Meissonier's  "Friedland" 
are  as  unnatural  and  fictitious  as  a  centaur  or  a  hippogrifl.  The 
most  beautiful  painting  ever  put  on  canvas,  the  finest  statue 
ever  carved,  is  a  ridiculous  caricature  of  real  life  compared  with 
the  flickering  shadow  of  a  tattered  film  in  a  backwoods  nickelod- 
eon. We  have  now  for  the  first  time  the  possibility  of  represent- 
ing, however  crudely,  the  essence  of  reality — that  is,  motion. 
Bergson  has  shown  us  what  a  paralyzing  influence  static  con- 
ceptions of  reality  have  had  upon  the  history  of  philosophy  and 
how  futile  have  been  all  attempts  to  represent  movement  by 
rest.  The  scientist  of  to-day  thinks  in  terms  of  motion.  All 
modern  thought  is  assuming  kinetic  forms  and  we  are  coming  to 
see  the  absurdity  of  the  old  ideas  of  immutability  and  immobility. 
A  similar  revolution  is  impending  in  art.  At  least  we  glimpse  the 
po.ssibility  of  a  new  form  of  pictorial  art,  which,  if  capable  of 
development  as  it  seems  to  be,  will  make  our  present  pictures 
appear  as  grotesque  as  the  reliefs  carved  on  Egyptian  tombs  or 
the  scrawls  on  the  caverns  of  Altamira.  What  vrill  our  posterity, 
familiar  with  moving  portraiture,  think  of  our  admiration  of 
Mona  Lisa's  smile,  frozen  on  her  lips  for  four  centuries?  A  smile 
is  essentially  a  fleeting  thing,  an  evanescent  expression.  A  fixed 
smile  is  not  a  smile  at  all  but  a  grimace.  It  is  only  by  the  most 
violent  effort  of  the  imagination  that  we  can  ignore  the  inherent 
artificiality  and  limitations  of  painting  sufficiently  to  get  from  it 
the  illusion  of  reality. 

Metaphysics  of  Chemistry 

In  considering  the  contributions  that  chemistry  has  made  to 
our  wealth  and  comfort,  we  must  not  forget  that  every  funda- 
mental discovery  alters  also  our  attitude  toward  life  and  con- 
sequently our  conduct.  There  is  a  metaphysical  as  well  as  a 
physical  side  to  chemistry.  The  new  conceptions  of  the  atom 
and  of  the  sidereal  universe,  of  matter  and  energy,  of  time  and 
space,  developed  within  the  last  ten  years,  will  inevitably 
transform  the  prevailing  modes  of  thought  in  philosophy,  religion, 
and  sociology  as  much  as  did  the  Copernican  idea  of  the  moving 
earth  in  the  fifteenth  century  and  the  Darwinian  idea  of  de- 
veloping species  in  the  sixteenth  century. 

The  theory  that  the  heat  of  the  stars  comes  not  from  gravita- 
tional contraction  but  from  such  intra-atomic  sources  as  the 
formation  of  helium  from  hydrogen  has  extended  the  life  of  our 
sun  by  some  thousands  of  millions  of  years,  and  thereby  the 
limitation  of  life  on  the  earth  and  the  possibility  of  the  develop- 
ment of  a  superior  civilization.  So  we  don't  have  to  hurry  so 
hard  as  we  did  when  we  thought  that  the  sun  was  a  guttering 
candle,  likely  soon  to  flicker  out  and  leave  us  in  the  dark  and 
cold.  We  used  to  watch  with  anxiety  the  periodical  reports  of 
Langley  and  Abbot  as  to  the  constancy  of  the  solar  constant  in 
order  to  see  how  much  more  time  we  had  to  perfect  our  social 
system  before  night,  for  when  we  looked  at  the  daily  papers  we 
did  not  seem  to  be  making  progress  very  rapidly  and  it  looked 
as  though  we  should  all  be  Eskimos  before  we  got  our  society  to 
suit  us. 

The  mind  is  supposed  to  be  immaterial  but  it  seems  to  be 
possessed  of  inertia.  The  more  quickly  you  want  to  move  the 
mind  of  man  the  greater  the  power  that  it  is  necessary  to  apply. 
To  move  the  mental  mass  of  the  nation  greatly  requires  almost 
inrinite  expenditure  of  energy  or  almost  infinite  time.  Since 
seirntific  men  devote  very  little  energy  to  the  propagation  of 
tin  ir  views,  it  takes  a  very  long  time  for  new  scientific  ideas  to 
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act  upon  the  popular  mind.  There  is  consequently  a  lag  in  the 
progress  of  civilization,  a  break  in  the  line  of  march  between  the 
vanguard  and  the  rank  and  lile. 

This  is  largely  due  to  the  lack  of  efficient  terminal  facilities  in 
the  delivery  of  intelligence.  Transportation  experts  tell  us  that 
often  a  larger  part  of  freight  charges  is  consumed  in  the  short  haul 
between  station  and  home  than  in  the  long  haul  by  ship  or  train. 
So  it  is  in  the  transmission  of  ideas.  An  idea  may  be  sent  around 
the  world  at  the  rate  of  180,000  miles  a  second,  but  the  short  haul 
between  the  eye  or  ear  and  the  brain  may  require  twenty  years. 
If  the  message  is  in  a  foreign  language,  such  as  scientific  termin- 
ology, and  there  is  no  translator  about,  the  reception  of  the  in- 
telligence by  the  average  mind  may  be  indefinitely  delayed. 

Need  for  Popularization 

Chemistry  has  long  since  abandoned  the  pretension  of  being  a 
secret  science  but  it  has  not  yet  become  a  i>ublic  science.  It  has 
tlie  air  of  being  much  harder  to  understand  than  it  really  is.  Its 
symbols  are  almost  as  repellent  to  unfamiliar  eyes  as  are  the 
mathematical  signs  of  physics.  The  verbal  formulas,  by  which 
compounds  are  designated,  are  mistaken  for  names  and  considered 
unpronounceable.  But  such  impediments  to  popularity  are  not 
peculiar  to  chemistry.  Other  sciences,  quite  as  much  handi- 
capped by  strange  nomenclature  and  recondite  conceptions,  are 
nevertheless  read  with  eagerness  by  the  public.  Astronomy, 
which  is  largely  mathematical  and  has  no  practical  value  for  the 
reader  and  does  not  deal  with  human  beings  or  any  living  thing, 
is  still  one  of  the  most  popular  of  the  sciences.  We  have  to  put 
an  astronomical  article  into  our  Science  News  Bulletin  every  week 
to  satisfy  the  newspapers  to  which  it  is  syndicated,  but  if  we  omit 
a  chemical  article  we  get  no  complaints. 

One  reason  why  the  public  is  not  so  much  interested  in  chemi- 
cal research  as  it  ought  to  be  is  the  lack  of  writers  willing  to  trans- 
late the  science  into  ordinary  English  and  present  it  in  an  attrac- 
tive style.  I  speak  with  some  assurance  on  this  point  for  it  has 
been  my  business,  ever  since  Science  Service  was  founded  a  year 
and  a  half  ago,  to  hunt  for  people  trained  in  the  several  sciences 
who  can  and  will  write  about  them  for  newspapers  and  magazines, 
and  I  have  found  it  more  difficult  to  get  good  writers  in  chem- 
istry than  any  of  the  other  sciences.  Yet  there  are  more  chem- 
ists in  the  country  than  any  other  scientists.  Not  all  of  them  are 
so  absorbed  in  research,  teaching,  or  industry,  that  they  could  not 
find  a  leisure  hour  for  writing  once  in  a  while.  I  can  find 
plenty  of  people  to  write  about  birds  or  bugs,  clouds  or  stones, 
crinoids  or  endocrincs,  stars  or  starfish,  but  I  find  few  who  will 
tell  the  thrilling  continued  story  of  chemical  discovery. 

Yet  no  science  touches  human  Ufe  more  intimately  than  chem- 
istry. None  is  of  more  practical  importance  in  industry.  None 
is  turning  out  more  sensational  novelties.  None  has  a  more 
varied  and  romantic  history. 

Of  its  technical  literature  chemistry  may  well  be  proud.  The 
three  journals  of  this  Society,  and  especially  our  system  of 
abstracts,  are  the  envy  of  all  the  other  sciences,  and  there  are 
various  other  able  and  attractive  journals  of  chemical  science  and 
industry.  But  these  are  read  exclusively  by  chemists  and  there 
is  no  popular  periodical  of  chemistry  pubUshed  any^vhere  in  the 
world.  In  the  popular  science  periodicals  and  in  the  scientific 
articles  of  the  general  magazines,  chemistry  does  not  fill  as  large 
a  space  as  its  practical  importance  and  intrinsic  interest  demands. 
At  least  so  it  seems  to  a  chemist.  The  chemical  news  service 
of  this  Society  is  doing  a  splendid  work  in  spreading  chemical 
information  through  the  newspapers,  and  the  Local  Sections  are 
bringing  our  science  to  the  attention  of  the  public  by  their  meet- 
ings, but  there  is  need  for  other  kinds  of  chemical  literature, 
especially  for  magazines  and  books.  Last  year  the  Washington 
Academy  of  Sciences  prepared,  at  the  request  of  the  Washington 
Public  Library,  a  list  of  One  Hundred  Popular  Books  in  Science. 


In  many  fields,  such  as  botany,  astronomy,  paleontology,  ento- 
mology, and  the  like,  there  was  an  embarrassment  of  books  to 
choose  from,  but  when  it  came  to  the  science  of  chemistry  Ur. 
Sosinan,  chairman  of  the  committee,  rep<jrted  that  not  one  could 
be  found.  There  were  several  popular  books  on  special  topics, 
such  as  the  chemistry  of  commerce,  industry  and  cveryman's 
life,  but  none  that  treated  the  science  as  a  whole  and  satisfied  the 
requirements  of  the  selection,  which  were  that  the  book  should 
be  readable  by  the  orclinary  reader,  not  a  textbook,  not  a  refer- 
ence book,  not  a  home  study  course,  but  so  written  that  it  would 
interest  one  who  had  no  jirevious  knowledge  of  the  subject  and 
no  special  reason  for  wanting  to  know  about  it.  It  is  worthy  of 
note  that  the  committee  had  to  go  abroad  for  some  forty  per  cent 
of  its  popular  science  books,  and  that  several  of  them  were  over 
fifty  years  old,  although  a  recent  book  would  be  preferred.  Yet 
some  of  these  British  books  find  their  greatest  sale  in  the  United 
States,  notwithstanding  the  advantage  that  an  American  writer 
has  in  local  references  and  colloquial  language.  It  would  seem 
that  a  hundred  million  readers  might  reasonably  expect  to  have 
one  popular  book  in  each  science  once  in  fifty  years  in  order  to 
keep  within  sight  of  scientific  progress. 

I  would  not  take  up  so  much  of  your  time  with  my  business, 
but  it  is  your  business  too — at  least  I  hope  to  persuade  you  that 
it  is.  I  am  glad  to  see  that  you  have  already  taken  a  step  that 
will  aid  in  the  popularization  of  the  science  by  organizing  a  Sec- 
tion of  History  of  Chemistry.  For  one  of  the  reasons  why  science 
is  caviar  to  the  general,  is  that  it  has  been  so  conscientiously 
depersonalized.  The  effort  is  constantly  made  to  reduce  science 
to  a  set  of  mathematic  fonnulas,  free  from  all  taint  of  time,  place, 
and  personahty,  bearing  no  trace  of  its  erratic  history  and  early 
gropings  in  the  dark.  This  is  quite  a  proper  procedure  for  the 
development  of  the  science,  no  doubt,  but  it  has  the  unfortunate 
effect  that  in  eliminating  the  human  element  you  have  eliminated 
the  human  interest.  C.  P.  sucrose  is  a  beautifiU  product,  a 
triumph  of  technology  in  which  the  Division  of  Sugar  Chemistry 
may  well  take  pride,  but  it  is  not  so  tasty  as  maple  sap  or  cane 
juice.  It  has  lost  its  vitamins.  That,  I  think,  is  why  pure 
science  is  distasteful  to  the  layman.  It  has  lost  its  \'itamins 
To  put  a  modern  high-grade  textbook  in  the  hands  of  the  ordi- 
nary reader  is  like  feeding  decorticated  rice  to  a  soldier.  It  gives 
him  mental  beriberi.  I  hope  I  will  not  be  misunderstood  as 
saying  anything  against  the  chemist's  constant  efforts  to  achieve 
a  higher  degree  of  purification.  Perfect  purity  is  a  noble  aim 
even  though  it  be  asymptotically  unattainable  to  human  beings. 
There  was  once  a  little  girl  who  prayed  "O  God,  make  me  pure; 
make  me  absolutely  pure  hke  Royal  Baking  Powder'."  Now  it 
does  not  do  any  harm  for  baking  powder  to  be  pure  because  it 
gets  mixed  with  so  many  other  things,  but  if  the  flour  is  absolutely 
pure,  and  the  fat  and  the  salt  and  the  water,  well,  somehow  the 
bread  is  not  so  nutritious  as  it  might  be. 

I  am  not  sure  that  even  in  a  textbook  a  bit  of  history  or  a  few- 
personalities  would  be  out  of  place,  though  they  might  give  the 
student  the  idea  that  the  principles  of  the  science  have  been 
worked  out  by  slow  degrees  and  much  blundering  by  fallible 
human  beings  instead  of  being  handed  down  in  perfect  form  on 
tables  of  stone  like  the  Ten  Commandments.  But  anyhow,  I 
am  sure  that  for  the  general  reader  it  is  best  not  to  refine  too 
highly  but  to  leave  in  a  little  of  the  human  alloy.  And  I  hope 
that  your  Section  of  History  will  develop  some  young  writers  who 
will  turn  out  a  readable  character  sketch  of  the  creators  of  chem- 
istry, or  a  dramatic  description  of  how  their  discoveries  were 
made  and  what  they  mean  to  the  world.  One  can  get  such 
"human  interest  stories"  in  abundance  about  authors,  artists, 
musicians,  statesmen,  and  warriors,  but  I  have  been  searching 
in  vain  for  writers  who  would  do  as  much  for  science.  Until 
such  writers  are  found  we  cannot  expect  readers  in  general  to  take 
as  much  interest  in  science  as  they  do  in  literature,  fine  arts» 
politics,  and  war. 
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AX  KXTENSIVE  study  of  gaseous  detonation  has  been 
made  by  a  number  of  investigators,  but  in  spite  of  this 
fact  the  phenomenon  is  as  yet  not  well  understood.  In 
presenting  this  paper,  therefore,  we  will  not  attempt  to  explain 
all  the  phenomena  with  which  it  deals.  The  object  of  the  paper 
is'to  discuss  the  bearing  of  this  factor  on  the  operation  of  internal- 
combustion  engines,  and  to  describe  the  progress  that  has  been 
made  in  controlling  it  by  chemical  means. 

Results  of  Early  Study  op  Gaseous  Detonation 

In'  1.881  Bcrtholet'  and  LcChatelier'  independently  dis- 
covered that  the  propagation  of  flame  through  mixtures  of  some 
combustible  gases  with  air.  and  through  mixtures  of  practically 
all  combustible  gases  with  oxygen  in  proper  proportions,  results 
in  setting  up  a  detonation  wave.  These  results  were  con- 
firmed by  H.  B.  Dixon.*  who  has  carried  out  quite  an  extensive 
investigation  of  this  subject.  Mallard  and  LeChatelier*  noted 
that  the  development  of  the  detonation  wave  is  not  progressive, 
but  always  instantaneous.  They  noted  further  that  the  detona- 
tion wave  is  characterized,  not  only  by  its  great  velocity  of  move- 
ment, but  also  by  its  intense  luminosity.  Dixon'  was  also  im- 
pressed by  the  sharpness  with  which  luminosity  is  set  up  when 
detonation  occurs.  Bcrtholet  and  X'ieille'  and  also  Dixon* 
showed  that  the  velocity  of  the  detonation  wave  is  constant,  and 
Dixon  advanced  the  theory  that  during  detonation  the  flame 
travels  at  the  same  speed  as  sound  at  the  temperature  of  the 
burning  gases.  Mallard  and  I.eChatelier'  found  that  very  large 
pressures  arc  developed  by  detonation  waves,  but  that  such 
pres,siires  exist  only  for  an  exceedingly  brief  period.  This  finding 
was  confirmed  by  Dixon,'  who  worked  on  the  principle  that, 
if  a  pressure  is  produced  in  a  glass  container  greater  than  the 
glass  will  withstand,  the  vessel  will  be  broken,  although  the 
pressure  may  endure  only  for  a  very  short  interval  of  time. 
Dixon  gave  a  range  of  from  2.")  to  78  atmospheres  for  the  magni- 
tude of  these  pressures  for  various  gases.  He  showed  further 
that  these  instantaneous  pressures  are  approximately  four  times 
the  maximum  "effective  pressure"  dcvelojied  by  the  explosion. 

Gaseous  Detonation  an  Important  Factor  in 
Internal  Combustion 

Except  for  some  comi)aratively  recent  work,  practically  all 
the  study  of  gaseous  detonation  that  has  been  made  has  been 
conducted  in  atmospheric  tubes,  or  under  other  conditions  that 
did  not  sinmlate  those  of  internal  combustion.  From  an  eco- 
nomic stanrlpoint.  however,  the  detonation  that  occurs  in  internal- 
cnnibustion  engines  is  of  great  importance.'     Nearly  everyone 
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who  has  driven  an  automobile  is  familiar  with  the  troublesome 
"pinking"  in  the  engine  which  is  known  as  a  "knock."  The 
knock  is  a  sharp  ringing  noise,  suggestive  of  two  metallic  parts 
striking  together,  and  is  most  pronounced  when  the  engine  is 
pulling  at  slow  speeds  in  high  gear,  as  is  the  case  on  steep  grades 
or  when  accelerating  from  slow  speeds.  This  noise  is  not  caused 
by  the  striking  of  metallic  parts,  but  it  has  been  fairly  well  es- 
tablished that  it  results  from  a  detonation  of  the  highly  com- 
pressed fuel  mixture  in  the  combustion  chamber. 

For  any  given  fuel  the  intensity  of  detonation  varies  with  the 
compression  of  the  engine — the  higher  its  compression  the  more 
pronounced  the  detonation.  It  is  herein  that  the  seriousness 
of  detonation  in  internal-combustion  engines  lies,  for  both  the 
torque  and  the  fuel  economy  of  an  engine  are  increased  as  its 
expansion  ratio  (called  in  automotive  practice  "compression 
ratio")  is  raised.  While  the  detonation  that  occurs  in  auto- 
mobile engines  of  present  compressions  is  so  slight  as  to  be  merely 
an  unpleasantness  that  does  little  or  no  harm,  in  engines  of 
highly  economical  compressions  its  intensity  becomes  so  great 
as  to  result  not  only  in  loss  of  power  but  also  in  actual  damage  to 
the  engine.  This  phenomenon  of  detonation,  then,  stands  as 
an  effective  barrier 'to  the  obtaining  of  better  fuel  economies 
from  internal-combustion  engines,  and  because  of  this  fact,  it 
has  an  important  economic  aspect.' 

Detonation  as  it  occurs  in  internal  combustion  does  not  vary 
with  the  compression  of  the  charge  alone.  It  varies  directly  with 
the  temperature,  and  is  aggravated  by  advance  of  the  spark 
timing  and  by  carbon  deposits  in  the  engine.  It  is  further  in- 
fluenced by  certain  elements  of  design,  such  as  the  shape  of  the 
combustion  chamber  and  the  location  of  the  spark  plug,  but 
of  great  importance  is  the  fact  that  it  is  a  function  of  the  chemical 
structure  of  the  fuel.  As  an  illustration  of  this  the  case 
isomeric  compounds  ether  and  normal  butyl  alcohol  may  be 
cited.  These  compounds  may  have  the  same  ultimate  compo- 
sition, C«HioO,  but  they  differ  widely  in  molecular  structure. 
Ether  detonates  when  burned  at  a  very  low  compression; 
alcohol,  when  burned  at  a  compression  and  temperature  which 
arc  relatively  very  high,  is  entirely  free  from  detonation.  Simi- 
larly, ethylenic  hydrocarbons  have  a  greater  tendency  to  deto- 
nate than  saturated  cyclic  hydrocarbons  of  the  same  ultimate 
composition. 

While  these  facts  are  interesting  and  important,  the  situation 
with  respect  to  automotive  fuels  in  the  I'nited  States  is  that 
their  composition  is  fixed  within  fairly  narrow  limits.  From  the 
standpoint  of  available  supply,  petroleum  oils  must  be  used  as 
the  principal  source  of  motor  fuels  for  many  years  to  come. 
From  a  commercial  standpoint,  therefore,  the  problem  is  to 
find  a  means  of  controlling  the  detonation  of  paraffin  hydrocar- 
bons, a  tendency  which  becomes  more  pronounced  as  their 
molecular  size  increases,  or  their  volatiUty  decreases. 

The  .iulomobiU  Engineer  (.England).  11  (1921),  51,  92,  130,  169;  J.  Soc. 
Aul.molivt  Eng.,  10  (1922),  305.  Thoma.s  Midgley,  Jr.,  Trans.  Soc.  Aulo- 
molire Eng..  (21  15  (1920),  6.'i9;  /.  Soc.  Automotive  Eng..  10  (1922),  357. 
T.  Midgley.  Jr.,  and  T.  A.  Boyd,  Ibid.,  10  (1922),  7,  451;  This  Journal, 
14   '1922),  589. 

»  For  a  more  complete  discussion  of  this  phase  of  the  subject  see  "The 
Application  of  Chemistry  to  the  Conservation  of  Motor  Fuels,"  Midgley 
unci  noyd.  This  JotiBNAi.,  14  (1922),  849. 
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Thbories  of  Detonation  in  Intbrnai,  Combustion 

In  spite  of  the  fact  that  gaseous  detonation  is  not  well  under- 
stood, many  theories  have  been  advanced  to  explain  the  phenom- 
ena that  occur  in  internal-combustion  engines  variously  known 
as  "detonation,"  "knock,"  and  "pinking."  Aside  from  those 
which  may  be  classified  as  mere  speculations,  three  theories 
have  been  advanced  in  definite  forni.'" 

The  first  of  these,  known  as  the  mechanical  knock  theory, 
explains  the  sound  as  resulting  from  an  actual  impact  between 
parts  of  the  engine,  such  as  between  cylinder  wall  and  piston  or 
between  shaft  and  bearings.  This  theory  does  not  attempt  to 
explain  the  cause  of  pressures  which  nuist  exist  in  the  engine 
cylinders  to  produce  these  mechanical  impacts.  For  this  reason 
it  may  be  passed  over  with  this  simi)lc  mention. 

A  second  theory  is  that  which  explains  the  sound  and  atten- 
dant phenomena  of  detonation  as  resulting  from  a  very  rapid 
increase  of  pressure  in  the  engine  cylinder."  According  to  this 
theory,  a  portion  of  the  charge  is  compressed  to  its  auto-ignition 
point  by  the  expansion  of  the  portion  first  ignited,  which  com- 
presses before  it  the  unburncd  part  of  the  charge.  When  the 
rate  of  increase  in  temperature  due  to  this  compression  exceeds 
by  some  margin  the  rate  at  which  a  sufficient  amount  of  the  heat 
can  be  dissipated  to  the  cylinder  walls,  the  remaining  portion 
ignites  spontaneously  and  nearly  simultaneously  throughout. 
This  theory  apparently  implies  that  a  fuel  should  have  a  tendency 
to  knock  that  is  proportional  to  its  spontaneous-ignition  tem- 
perature. 

The  third  theory  explains  the  phenomena  incident  to  the  fuel 
knock  as  resulting  from  the  impact  of  a  high-velocity,  high- 
pressure  wave  against  the  cylinder  walls  and  head.  It  has 
previously  been  demonstrated  mathematically  that,  during  the 
passage  of  a  flame  through  a  combustible  mixture  in  a  closed 
container,  a  higher  pressure  must  exist  immediately  in  front  of 
the  fiame  front  than  behind  it,  and  that  this  pressure  difference 
may  be  represented  by  the  following  expression :'- 


Pi  -  P2  = 


W^ 


i\h  -  vo 


(1) 


where  Pi  is  the  pressure  in  front  of  the  flame 

P;  is  the  pressure  to  the  rear  of  the  flame 

W  is  the  reaction  velocity  expressed  in  pounds  of  mixture 

entering  the  flame  front  per  second 
g     is  32.2 

Vi  is  the  specific  \-olume  of  the  mixture  in  front  of  the  flame 
y>  is  cu.  ft.  per  lb.  of  burned  mixture  to  the  rear  of  the 

flame  front 


Physical  chemistry  tells  us  that 

W  should  equal  C  D"  T" 


(2) 


where  C    is  a  constant 

D,  density  of  the'mixture 

T,  absolute  temperature 

n,   exponent  the  numerical  value  of  which  depends  upon 

the  chemical  equations  of  combustion 
»i,  exponent  the  numerical  value  of  which  must  be  de- 
termined experimentally 

By  combining  Equations  1  and  2  and  substituting  thermody- 
namic equivalents,  the  following  equation  is  obtained: 
APi« 


(3) 


where  A  =  2JHL 

J  =778 

H  =  effective  heat  value  per  pound  of  mixture 

^  ~   Po3  X  g 


'»  Dickinson,  J.  Soc.  Aulomolive  Eitg.,  8  (1921),  558. 

>'  H.  R.  Ricardo,  The  Aulomobile  Engineer  (England),  11  (1921),  92; 
J.  Soc.  Aulomolive  Eng..  10  (1922),  308. 

>=  T.  Midgley.  Jr.,  J.  Soc.  Aulomolive  Eng.,  10  (1922),  361. 


Wo  =  KI)„"  T„" 
K  =  32.2 


2[„  +  m(y  -  1)1 


1 
2K-  L 


7-1 
K  =  constant  of  adiabatic  compression 
=  PiV,->' 

N  =  g-^ 

7-1 
7  =  ratio  of  the  specific  heats 

This  Equation  3  should  represent  the  relation  between  the 
pressure  in  front  of  the  flame  and  that  to  its  rear  at  all  times. 
It  is,  therefore,  an  expression  for  the  pressure  in  the  wave  of 
detonation  (Pi  —  P2).  \'alues  for  n  and  m  must  be  determined 
experimentally  for  each  difl'crent  fuel.  But,  if  values  be  as- 
cribed to  n  and  m,  and  the  relation  of  Pi  to  Pj  be  plotted,  it  will 
be  observed  that  below  some  critical  value  for  l\  the  pressure 
dilTerence  is  merely  nominal,  but  that  at  this  critical  value  Pi  is 
rising  at  an  infinite  rate.  Above  the  critical  value  for  P2  the 
equation  is  only  satisfied  by  Pi  =  infinity,  which  in  a  physical 
sense  means  a  large  difTcrence  of  magnitude  such  as  50  to  100 
times  P2, 

The  above  Equation  3  alTords  a  basis  for  the  explanation  of 
the  phenomena  incident  to  detonation.  During  normal  com- 
bustion the  pressure  differential  is  almost  insignificant,  its  magni- 
tude being  less  than  one  pound  per  square  inch,  but  in  the  case 
of  a  flame  front  moving  at  the  velocity  of  sound  with  respect  to  • 
the  burning  gases,  the  pressure  differential  becomes  enormous. 
If  Pi  =  infinity,  P2  may  be  any  value  large  or  small,  so  that 
during  detonating  combustion  the  flame  front  is  preceded  by  a 
region  of  dense  gas  at  an  extremely  high  pressure.  According  to 
this  theory,  the  metallic  sound,  commonly  called  the  knock,  is 
caused  by  this  high-pressure,  high-velocity  wave  striking  the  top 
or  sides  of  the  combustion  chamber. 

If  the  second  or  auto-ignition  theory  gives  a  correct  explana- 
tion of  detonation,  the  only  means  of  controlling  detonation 
under  a  given  set  of  conditions  would  be  to  raise  the  spontaneous- 
ignition  temperature  of  the  fuel.  If  the  third  or  high-velocity, 
high-pressure  wave  theory  is  correct,  detonation  may  be  con- 
trolled by  affecting  the  reaction  velocity  of  combustion.  The 
history  of  contact  catalysis  indicates  that  there  should  be  nega- 
tive combustion  catalysts,  very  small  percentages  of  which 
would  exert  a  large  effect  on  the  reaction  velocity  of  combustion. 
Although  such  a  method  of  reasoning  might  well  have  served  as 
the  basis  of  search  for  a  material  to  negatively  catalyze  com- 
bustion, the  actual  discovery  of  materials  that  exert  just  such  an 
effect  preceded  the  development  of  the  high-velocity,  high- 
pressure  wave  theory,  it  having  been  an  outgrowth  of  many 
attempts  to  explain  the  remarkable  behavior  of  these  substances. 
In  view  of  the  very  small  amounts  of  some  compounds  that  need 
be  present  in  a  combustible  mixture  in  order  to  prevent  detona- 
tion, as  is  shown  below,  it  does  not  seem  possible  to  account  for 
their  beha^^or  on  the  basis  of  the  auto-ignition  theory  of  the 
knock.  However,  on  the  basis  of  a  negative  catalytic  effect  on 
the  reaction  velocity  of  combustion,  the  behavior  of  the  ma- 
terials discussed  in  this  paper  is  in  agreement  with  the  high- 
velocity,  high-pressure  wave  theory  of  detonation. 

Controlling  Detonatio.n'  by  Chemical  Means 

It  has  been  found  that  detonation  can  be  either  suppressed 
or  induced  by  the  presence  of  very  small  amounts  of  certain  ma- 
terials in  the  combustible  mixture.  These  substances  may  be 
dissolved  or  suspended  in  the  fuel,  or  they  may  be  admitted  to 
the  combustion  chamber  in  some  other  way.  The  action  of 
practically  every  type  of  compound  that  should  affect  detonation 
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Effect  on  Reaction 

rpicAL  Com 

POUND 

Velocity  of  Combi 

■STION 

HIcmcnt 

Retards 

Element 

Accelerates 

Klemcnt 

Accelerates 

C,H.N-(3>  c 

ir  C: 

iHiNO! 

Accelerates 

CIIiNHj 

Retards 

(CtH.ljSe 

Retards 

(C.H.IsTc 

Retards 

(C:H.).Sn 

Retards 

(C..H,)4Pb 

Retards 
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has  been  tried,  and  a  large  numljer  have  been  found  to  possess 
the  property  of  affecting  combustion  in  such  a  way  as  either  to 
suppress  or  induce  detonation. 


Element 

Iodine 

Bromine 

OxyKcn 

Oxygen 

Nitrofcen 

Selenium 

Tellurium 

Tin 

Lead 


If  the  high-velocity,  high-pressure  wave  theory  of  detonation 
is  correct,  the  action  of  these  materials  is  to  affect  the  reaction 
velocity  of  combustion  in  such  a  way  as  either  to  accelerate  or 
retard  the  tendency  of  the  combustion  to  reach  the  velocity  of 
detonation.  Because  of  this  effect,  substances  which,  when 
present  in  small  percentages,  exert  a  powerful  suppressing  action 
on  detonation  have  lx!cn  termed  "antiknock  materials"  or 
"compressionizers."  Thus,  diethyl  telluride  is  an  antiknock 
material,  but  benzene  is  not.  Although  benzene,  if  present  in 
sufTicient  concentration,  removes  the  tendency  of  kerosene  to 
detonate  at  compressions  which  are  used  commercially,  it  ap- 
parently does  so  simply  by  virtue  of  the  fact  that  it  itself  is  a 
fuel  that  will  withstand  a  very  high  compression  without  detonat- 
ing. Benzene  docs  not  detonate  even  when  burned  at  compres- 
sions of  more  than  200  lbs.  per  sq.  in.,  so  that,  when  it  is  blended 
with  a  kerosene,  the  resulting  mixture  partakes  of  the  non- 
detonating  property  of  benzene  to  the  extent  to  which  benzene 
is  present  in  the  mixture.  This  is  evidently  not  the  case  with 
diethyl  telluride.  however,  of  which  0.1  per  cent  by  volume  is 
equivalent  in  its  effect  on  detonation  to  about  25  per  cent  by 
volume  of  Ijenzenc.  Diethyl  telluride  exerts  this  remarkable 
influence  on  the  combustion  of  a  kerosene-air  mixture,  although 
in  this  case  it  is  present  in  only  the  very  small  ratio  of  1  mole- 
cule to  about  50,000  molecules  of  total  mixture. 

It  is  not  within  the  scope  of  this  paper  to  present  detailed  data 
on  all  the  antiknock  materials  that  have  been  studied,  especially 
since  the  investigation  has  not  been  completed,  but  the  results 
that  have  been  obtained  may  be  summerized  in  general  terms. 
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shows  the  nature  of  the  effects  of  some  of  the  more  important  of 
these  substances  on  the  reaction  velocity  of  combustion. 

A  compilation  of  the  relative  effects  of  a  number  of  antiknock 
materials  is  given  in  Table  II.  Benzene  is  used  as  a  basis  of 
comparison,  and  relative  values  are  given  for  the  various  ma- 
terials on  the  volume  and  the  molecular  bases.  From  the  table 
it  may  be  seen  that,  when  compared  with  benzene  in  25  per  cent 
concentration  in  kerosene,  1  volume  of  diethyl  telluride  is  equiv- 
alent in  effect  to  250  volumes  of  benzene,  and  1  volume  of  lead 
tetraethyl  is  equivalent  to  about  625  volumes  of  benzene.  If 
comparison  be  made  on  the  molecular  basis,  the  figures  show  that 
1  molecule  of  diethyl  telluride  is  equal  in  effect  to  330  molecules 
of  benzene,  and  that  1  molecule  of  lead  tetraethyl  is  equivalent  in 
effect  to  over  1400  molecules  of  benzene.  A  better  impression 
of  how  small  an  amount  of  some  of  these  materials  need  be 
present  in  a  combustible  mixture  in  order  to  exert  a  marked  in- 
fluence on  the  character  of  the  combustion  may  be  gathered  from 
the  values  given  in  the  last  column  of  Table  11.  Thus,  for  a 
theoretical  mixture  of  kerosene  and  air.  assuming  that  the  aver- 
age molecule  of  the  kerosene  is  CnHjs.  1  molecule  of  lead  tetra- 
ethyl in  215,000  molecules  of  total  mixture  exerts  an  influence  on 
the  tendency  of  the  fuel  to  detonate  which  is  equivalent  to  about 
25  per  cent  of  benzene  in  the  kerosene.  In  view  of  the  exceedingly 
small  amount  of  this  material  that  is  present  in  the  reaction 
mixture,  it  exerts  an  influence  on  the  character  of  internal  com- 
bustion, which  is  so  powerful  that  it  at  least  bears  a  close  analogy 
to  a  catalyst. 

Illustrations  of  Effects  op  Antiknock  Materials 
ON  Detonating  Combustion 

The  effect  of  the  presence  of  a  small  percentage  of  diethyl 
selenide  on  the  combustion  of  a  detonating  mixture  of  acetylene 
and  air  is  very  marked.  An  apparatus  suitable  for  demonstrat- 
ing this  effect  is  shown  diagrammatically  in  Fig.  1.  The  diame- 
ters of  the  gas  holders  bear  such  a  relation  to  each  other  that  a 
mixture  of  acetylene  and  air  of  proper  degree  of  richness  for 
maximum  detonation"  is  forced  into  the  explosion  tube  shown  at 
the  bottom  of  the  sketch  by  water  flowing  from  the  upper  con- 
tainer and  displacing  the  gases  from  their  respective  holders. 
The  mixture  is  formed  in  the  end  of  the  explosion  tube  where  the 
outlet  tubes  from  the  gas  holders  enter  the  same  chamber.     The 


Tabli  II — A  Compilation  of  the  Relative  Effects  of 


BbSMEHT 


Approx.  Numbi 

oretical  Fuel-Ail 

1  Mol  Exerts  ar 

tion  of  a  C.i 


Benzene 

CiHtl 

Xjriidin 


Iodine 

Nitrogen 

Tin  (CiHi)i  Sn 

Selniium  (CtHili  Sc 

Tellurium  (CiH.).  Tc 

hnd  (CtHi).  Pb 

■  The  computations  of  these  values  have  been  mad< 

■  26  per  cent  by  volume. 


iBR  OF  Compounds  for  Suppressing  Detonation  as  Comp 
Number  of  Gram  Molecules  in 
Per  cent  by  Volume  in  Kerosene       Resulting  3.i.i-Cc.  Mixture  with 
Required  to  Effect  a  Given  Sup-       Kerosene  to  Give  Equal  Suppre 
pression  of  Detonation  sion  of  Detonation 

25.0  1.0> 

1.6  0.07 

2.0  0.059 

1.2  0.021 

0.4  0.013 

0.1  0.003 

0.04  0.0007 

the  basis  of  a  kerosene  having  CuH?a  as  its  average  mol 


^iTH  Benzene 

T  of  Mols  of  Thc- 
Mixture  in  Which 
EfTect  on  Detona- 

ren  Magnitude! 

150 


2.150 
2.600 
7.100 
11.750 
50.000 
215.000 


The  compountis  which  have  been  shown  to  possess  this  property 
of  affecting  the  reaction  velocity  of  combustion  to  a  marked 
degree  arc  chiefly  derivatives  of  about  fifteen  elements,  but  we 
have  found  that  antiknock  substances  are  not  limited  entirely 
to  comiHiunds  of  these  fifteen  elements.  f)xygen  and  the  halo- 
gens in  the  elemental  form  exert  a  marked  effect  on  combustion, 
iodine  licing  an  antiknock  material,  and  the  other  elements  in- 
ducing detonation  to  different  degrees.  A  considerable  number 
of  the  common  compounds  of  these  elements  exhibit  similar 
properties.  A  great  many  nitrogen  compounds  are  effective 
antiknock  materials,  probably  the  best  of  which  are  the  aromatic 
amines.  Certain  compounds  of  selenium,  tellurium,  tin.  and 
lead,  arc  remarkably  effective  for  the  suppression  of  detonation. 
Some  compounds  of  arsenic,  antimony,  and  phosphorus  have 
a  marked  but  lesser  effect  for  preventing  detonation.     Table  I 


mixture  passes  through  this  metal  chamber  which  is  provided 
with  a  spark  plug,  and  thence  into  the  glass  explosion  tube. 
The  closing  of  the  valve  in  the  chamber  at  the  end  of  the  explo- 
sion tube  automatically  completes  the  ignition  circuit,  and 
thereby  ignites  the  mixture  in  the  explosion  tube. 

.\s  a  means  of  introducing  diethyl  selenide  to  the  acetylene- 
air  mixture  when  desired,  the  valve  in  the  gas  line  through  the 
wash  bottle  is  opened.  An  orifice  in  the  by-pass  tube  permits 
a  small  amount  of  the  air  to  pass  through  the  wash  bottle  which 
contains  the  vapor  of  diethyl  selenide.  At  22°  the  vapor  pres- 
sure of  diethyl  selenide  is  about  one-twentieth  of  an  atmosphere. 

"  Detonation  is  said  to  be  most  easily  initiated  in  an  acetylene-oxygen- 
nitrogen  mixture  that  contains  only  sufficient  oxygen  to  give  carbon  mon- 
oxitlc.  Woodbury.  Lewis  and  Canby,  /.  Soc.  Aulomvlivf  Eng..  8  (1921),  215; 
II    n.  Dixon.  Ibid..  9  (1921),  237. 
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The  size  of  the  orifice  is  such  that,  when  the  valve  in  the  by-pass 
is  open,  diethyl  sclcnide  constitutes  about  one-seven-hundredth 
of  the  volume  of  the  mixture  entering  the  explosion  tube.  This 
amoinit  is  so  small  that  it  cannot  affect  the  combustion  by  com- 
bining with  either  of  the  reacting  materials,  or  l)y  entering  into 
the  reaction  in  the  ordinary  sense. 


Apparatus  Showing  the  Effect  of  the  Presence  of  an  Anti- 
knock Material  on  the  Combustion  of  Acetylene  in  a 
Tube  at  Atmospheric  Pressure 


The  derrfonstration  shows  that  with  acetylene  and  air  alone 
detonation  is  set  up  after  the  flame  has  traveled  only  a  short 
distance  along  the  tube,  as  is  evidenced  by  the  luminosity,  and 
by  the  sharp  "crack"  that  is  produced  by  the  pressure  wave  re- 
sulting from  the  detonation.  But  when  diethyl  selenide  is  ad- 
mitted with  the  acetylene-air  mixture,  the  bum  is  quiet  and  it 
lacks  the  high  degree  of  luminosity  that  characterizes  detonating 
combustion. 

The  eiTect  of  the  presence  of  an  antiknock  material  on  combus- 
tion is  even  more  striking  under  the  actual  conditions  of  internal 
combustion.  A  single  cylinder  engine  having  a  high  compression 
ratio,  preferably  around  5.3  :  1,  is  suitable  for  use  in  this  test.'* 
The  engine  should  also  be  fitted  with  an  apparatus  for  indicating 
when  the  combustion  is  a  detonating  one.  Such  a  device,  called 
the  bouncing-pin  apparatus,  has  been  described  and  shown 
diagrammatically  in  previous  publications.'^  The  bouncing-pin 
element  consists  of  a  steel  pin  resting  by  gravity  on  a  piston. 
The  bottom  of  this  piston  comes  flush  with  the  inner  surface  of 
the  cylinder  head,  and  its  vertical  movement  is  resisted  by  a 
hea\'y  spring      Immediately  above  the  upper  end  of  the  pin, 

'*  The  compression  ratio  of  an  engine  is  the  ratio  of  the  volume  above 
the  piston  when  it  is  in  its  extreme  lower  position  to  the  volume  above  the 
piston  when  it  is  in  its  extreme  upper  position.  The  compression  ratio  of 
automobile  engines  at  present  is  about  4.25  :  1.  In  this  connection  atten- 
tion is  again  called  to  the  fact  that  the  intensity  of  detonation  increases 
with  the  compression  ratio  of  the  engine. 

»  Midgley  and  Boyd,  J.  Soc.  Automotive  Eng.,  10  (1922).  7,  and  This 
JouRN.w,,  M    (1922),  589. 


contact  points  are  held  in  position  in  an  electric  circuit  in  such  a 
way  as  to  be  closed  when  the  pin  is  thrown  free  of  the  piston. 
During  normal  combustion,  when  there  is  no  detonation,  the 
pin  moves  up  and  down  with  the  piston,  the  amplitude  of  move- 
ment of  which  is  only  a  few  thousandths  of  an  inch.  But  when 
detonation  occurs,  the  disturbance  in  the  combustion  chamljer 
is  of  such  a  nature  that  the  pin  is  thrown  free  of  the  piston, 
closing  the  contact  points.  This  completes  the  electric  circuit, 
and  during  the  period  that  the  contact  points  are  closed,  current 
flows  through  the  lamp  and  the  electrolytic  cell.  If  the  detona- 
tion is  continuously  repeated  and  of  sufficient  violence,  the 
lamp  filament  becomes  luminous,  but  even  a  slight  or  discon- 
tinuous detonation  causes  the  evolution  of  gas  in  the  electrolytic 
cell.  The  quantity  of  gas  generated  in  a  given  number  of  revolu- 
tions is  a  measure  of  the  intensity  of  detonation. 

When  this  engine  is  rtm  on  commercial  gasoline  alone,  a  violent 
detonation  occurs,  which  imparts  considerable  luminosity  to  the 
filament  of  the  lamp.  The  detonation  also  manifests  itself  by 
the  loud  and  sharp  metallic  .sound  in  the  engine,  and  by  the  large 
volume  of  gas  generated  in  the  electrolytic  cell.  If,  while  run- 
ning under  this  condition,  a  small  amount  of  the  vapor  of  diethyl 
selenide  (simply  that  arising  from  a  bottle  containing  liquid 
diethyl  selenide)  be  admitted  with  the  air  entering  the  combustion 
chamber,  the  detonation  is  entirely  eliminated,  and  the  power 
output  of  the  engine  rises  to  normal,  or  to  the  extent  that  it  had 
been  cut  down  by  the  detonation. 

If  the  same  engine  be  run  on  a  mixture  of  about  35  per  cent 
benzene  in  commercial  gasoline,  very  little,  if  any,  detonation 
will  be  noted.  A  violent  detonation  is  induced,  however,  when 
an  unstoppered  bottle  containing  a  volatile  nitrate  or  nitrite, 
such  as  isopropyl  nitrite,  is  held  close  to  the  air  inlet  of  the 
engine.  The  intensity  of  this  detonation  may  easily  be  made  so 
great  as  to  result  in  stopping  the  engine  altogether.  Bromine 
may  be  substituted  for  the  nitrite  in  this  test,  but  it  is  only  about 
one-half  as  effective  for  inducing  detonation. 

These  materials  are  equally  effective  when  admitted  with  the 
fuel,  either  in  solution  in  the  fuel  or  by  injection  along  with  it. 
In  this  engine,  ha\'ing  a  compression  ratio  of  5.3  :  1,  which  gives 
a  compression  around  115  lbs.  per  sq.  in.,  the  detonation  when 
running  on  commercial  gasoline  alone  is  so  violent  that  it  results 
in  a  large  loss  in  the  power  of  the  engine.  But  when  a  very 
small  amount  of  tetraethyl  lead,  around  0.1  per  cent  by  volume, 
is  present  in  the  gasoline,  the  engine  runs  with  such  perfect 
smoothness  that  no  gas  is  generated  in  the  electrolytic  cell,  and 
the  power  of  the  engine  comes  back  to  normal.  Computation 
shows  that  this  result  is  accomplished  simply  on  account  of 
the  presence  of  1  molecule  of  lead  tetraethyl  in  over  80,000 
molecules  of  total  mixture. 

A  Conception  of  the  Action  of  Antiknock  Materials 

The  action  of  antiknock  materials,  such  as  diethyl  selenide  or 
lead  tetraethyl,  appears  to  be  that  of  preventing  combustion 
from  becoming  abnormal  by  accelerating  to  the  velocity  of  de- 
tonation. It  is  inconceivable  that  this  effect  can  be  due  to  an 
energy  factor;  because,  as  has  been  shown  (Table  II),  the 
presence  of  as  little  as  1  molecule  of  one  of  these  materials  in  over 
200,000  molecules  of  a  combustible  mixture  of  kerosene  and  air 
exerts  an  effect  in  the  suppression  of  detonation  equivalent  to 
25  per  cent  of  benzene  by  volume  in  kerosene. 

These  materials  appear  to  have  an  effect  on  the  chemical  re- 
action, combustion,  that  is  closely  parallel  to  that  of  the  class  of 
substances  called  catalytic  agents.  Thus,  very  small  amounts 
of  these  substances  are  required  to  exert  a  remarkable  influence  on 
combustion.  Also,  in  the  case  of  the  most  powerful  antiknock 
materials,  the  effect  does  not  increase  indefinitely  in  proportion  to 
the  amount  present,  but,  as  concentrations  which  are  relatively 
high  are  reached,  the  curve  of  effect  tends  toward  an  asymptote 
to  a  maximum.     A  further  analogy  between  catalytic  agents  atid 
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these  substances  lies  in  the  fact  that  the  antiknock  material 
apparently  does  not  affect  the  final  state  of  equilibrium,  except 
in  so  far  as  by  retarding  the  reaction  velocity  of  combustion  it 
tends  to  insure  its  completeness.  The  analogy  breaks  down  to 
some  extent  on  the  criterion  that  the  chemical  composition  of  the 
catalytic  agent  is  unchanged  at  the  completion  of  the  reaction 


process.  However,  antiknock  materials  are  for  the  most  part 
combustible,  and  the  conditions  to  which  they  are  subjected  are 
extremely  severe.  On  the  whole,  it  appears  that  the  action  of 
these  substances,  which  have  been  termed  Antiknock  Ma- 
terials or  Compressionizers,  bears  considerable  analogy  to 
that  of  catalytic  agents. 


Iridescent  Colors  in   Feathers' 

By  Wilder  D.  Bancroft 
Cornell  Universitv,  Ithaca,  N.  Y. 


AT  TH1{  Rochester  meeting  I  reported  on  the  structural 
blues  in  feathers.  That  left  the  metalHc  or  iridescent 
colors  to  be  accounted  for.  Michelson'  behcves  that 
the  colors  in  the  tail  of  the  peacock  and  the  throat  of  the 
humming  bird  are  due  to  selective  reflection,  Uke  the  yellowish 
green  metallic  color  of  solid  magenta.  Lord  Rayleigh'  main- 
tains that  the  colors  are  the  interference  colors  of  thin  films, 
often  referred  to  as  Newton's  rings.  Since  the  question 
seemed  to  involve  cooperative  research  by  men  representing 
different  fields,  the  Heckscher  Research  Council  made  a  grant 
to  a  committee  consisting  of  Messrs.  Bancroft,  Chamot,  and 
Mcrritt,  representing  physical  chemistry,  chemical  microscopy, 
and  physics.  As  an  unofficial  member  representing  ornithol- 
ogy, the  committee  has  had  the  enthusiastic  cooperation  of 
Mr  Louis  Agassiz  Fuertts,  who  was  really  responsible  initially 
for  the  starting  of  the  whole  investigation.  The  work  of  the 
committee  has  been  facilitated  by  the  courtesy  of  Prof.  A.  A. 
Allen  of  Cornell  University  and  of  Dr.  Frank  M.  Chapman 
of  the  Natural  History  Museum,  who  have  supplied  us  with 
many  typical  feathers.  For  the  experimental  work  the  com- 
mittee has  been  fortunate  in  securing  the  assistance  of  Mr. 
Clyde  W.  Mason,  assistant  in  chemical  microscopy  at  Cornell 
University.  It  is  to  his  skill  and  perseverance  that  the  success- 
ful outcome  of  the  investigation  is  due. 

While  the  nonmctallic  blues  are  always  in  the  barbs,  the 
iridescent  colors  are  wholly  in  the  barbules,  the  barbs  in  such 
feathers  being  a  dark  dull  brown  and  showing  no  color  effects. 
The  iridescent  colors  are  visible  by  reflected  light  from  both 
surfaces  of  the  features  but  cannot  be  seen  by  transmitted  light. 
By  transmitted  light  the  feathers  of  the  blue  jay,  the  tail  feath- 
ers of  the  peacock  and  the  throat  feathers  of  the  humming  bird 
show  no  more  signs  of  brilliant  colors  than  do  the  feathers  of  a 
crow. 

There  is  not  only  no  bright  color  to  Ik  seen  by  transmitted 
light  in  any  metallic  or  iridescent  feather,  but  no  bright-colored 
pigment  can  Ik-  extracted  by  boiling  with  any  organic  liquid. 
If  the  dark  or  melanin  pigment  is  extracted,  the  metallic  color 
remains  with  little  change  until  the  dark  pigment  is  practically 
all  gone  and  can  be  detected  even  then  when  the  feather  is  ex- 
amined under  the  microscope.  The  change  in  color  with  chang- 
ing angle  of  incidence  is  that  corresponding  to  interference  colors, 
and  is  much  greater  than  with  substances  like  magenta,  showing 
selective  refleclidn.  In  fact,  the  change  of  color  with  changing 
angle  of  incitlcncc  is  practically  negligible  with  magenta  and  the 
other  pigments  of  thi.t  type.  The  natural  conclusion  is,  therefore, 
that  the  iridescent  colors  are  not  due  to  selective  reflection. 

■  The  invrstiRiilion  upon  which  this  article  is  based  was  supported  by 
>  »r«nt  from  the  Heclnehrr  Toundalion  for  the  Advancement  of  Reseorch, 
cslahli«hed  by  August  Hrck«chrr  at  Cornell  University. 
•  Phil.  Xfat  .  Ifll  «  (1911).  S-Vi. 

'ibn.  |e|  *T  (i»ie),  08. 


The  colors  of  iridescent  feathers  belong  to  Newton's  series  of 
interference  colors,  being  caused  by  a  laminated  or  plate-like 
structure  of  the  barbules,  where  the  color  originates.  These 
barbules  present  broad,  flat  surfaces  forming  an  approximately 
plane  surface  which  exhibits  the  colors  with  great  brilliancy. 
The  cross  section  of  the  barbule  shows  a  central  pith  or  core 
about  two  microns  thick,  which  appears  to  be  of  somewhat 
fibrous  or  granular  character.  Enveloping  this  core  are  three 
thin  layers  or  laminae,  of  equal  and  uniform  thickness,  and 
seemingly  in  contact.  The  color  originates  in  these  three  layers, 
each  about  0.4/i  thick,  which  make  the  barbule  act  as  a  multi- 
ple thin  film.  The  laminated  outer  layer  of  the  barbules  is 
particularly  characteristic,  and  was  not  found  on  the  nonmetallic 
feathers  of  the  same  bird  where  these  were  available  for  examina- 
tion. In  all  cases  a  definite  structure  is  associated  with  metallic 
luster.  The  barbules  are  always  broad  and  flattened,  distinctly 
segmented,  with  blunt  ends,  and  generally  contain  much  more 
dark  pigment  than  adjacent  noniridescent  barbules  of  the  same 
feather.  Altum*  says  that  "the  metallic  luster  is  always  asso- 
ciated with  the  peculiar,  hard,  and  smooth  texture.  A  blind  man 
could  easily  pick  out  all  the  birds  with  metallic  luster  in  a  collec- 
tion of  any  size."  The  relation  between  structure  and  metallic 
luster  is  so  close  that  Mr.  Mason  was  able  to  pick  out  from  the 
collection  of  drawings  of  barbules  in  Chandler's  paper'  those 
which  were  of  the  metallic  type.  Comparison  with  the  descrip- 
tion of  the  coloring  of  the  feather  showed  very  few  errors,  even 
though  the  drawings  cover  almost  all  species  and  include  many 
feathers  not  possessing  any  noniridescent  barbules  for  comparison. 

The  thickness  of  these  films  is  about  the  value  calculated  for 
the  interference  colors  of  the  order  observed  in  feathers,  though 
the  whole  structure  is  too  small  for  very  accurate  measurements. 
In  all  the  iridescent  feathers  examined,  the  colors  appear  to  lie 
in  the  upper  second  or  third  orders  of  the  scries,  which  include  the 
most  brilliant  of  the  interference  colors — yellow,  and  red  in  the 
upper  second  order,  and  dull  purple,  blue,  green,  yellow,  and 
red  in  the  third  order.  Since  we  have  no  good  method  of  de- 
termining exactly  the  order  of  interference  and  isolated  color  re- 
flected from  a  thin  film,  this  is  based  on  matching  the  colors  of 
feathers  with  those  of  artificial  films,  the  colors  of  which  arc  of 
known  order. 

With  increasing  angle  of  incidence  the  color  usually  changes 
through  two  or  three  of  the  colors  of  the  above  series.  The 
change  is  frequently  from  the  blue  to  the  red  end  of  the  spectrum, 
but  this  is  not  necessarily  the  case.  The  pigeon,  for  instance,  has 
feathers  which  change  from  bluish  green  through  red  to  yellowish 
green  with  increasing  angle  of  incidence.  Thickening  of  the 
color -producing  films  by  swelling  results  in  a  color  change  toward 

'  J.  Ornilholctie.  t  (IS-M),  19. 

»  Cnivtrsily  of  California  Publications,  ZoOloey.  IS,  No.  11  (1914-16). 
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a  color  listed  in  a  series  after  the  original  color,  for  the  order  of 
the  color  is  higher  the  thicker  the  film.  Thinning  by  pressure 
or  in  fault  bars  results  in  a  color  of  lower  order  (earlier  in  the  sc- 
ties)  than  the  original  color  of  the  barbules. 

Bleaching  does  not  destroy  the  colors,  because  there  is  no 
bright  pigment  to  be  destroyed,  but  only  a  structure;  and  the 
iridescence  is  uninjured  unless  the  structure  is  destroyed.  Tlic 
metallic  luster  and  brilliancy  of  iridescent  feathers  is  due  to  the 
dark  brown  pigment  in  them,  which  serves  as  a  dark  background 
for  the  interference  colors.  The  exact  distribution  of  this  dark 
pigment  is  not  certain;  but  apparently  no  special  distribution  is 
necessary  to  give  the  metallic  luster,  provided  the  essential 
structure  is  present,  for  the  white,  faintly  iridescent,  pigeon 
feathers  become  brilliant  and  metallic  when  dyed  with  a  brown 
dye,  though  a  detailed  study  of  sections  of  the  dyed  barbules 
shows  a  rather  uniform  distribution  of  the  dye  instead  of  segre- 
gation in  one  underlying  layer.  It  is  possible  that  a  neutral- 
colored,  transparent,  thin  film  may  serve  to  some  extent  as  its 
own  dark  background,  producing  brilliant  colors  and  a  mctaUic 
luster,  as  does  a  colorless  film  on  a  dark  background.  As  a 
matter  of  fact,  we  get  brilliant  colors  with  thin  films  of  asphaltum 
varnish. 

The  metallic  colors  can  be  duplicated  very  satisfactorily  by 
putting  a  thin  film  of  a  colorless  varnish  over  a  dark  pigeon's 
feather,  but  the  result  is  more  garish  than  the  real  feather,  be- 
cause the  film  spreads  over  the  feather  as  a  whole  instead  of  over 
each  individual  barbule.  The  curvature  of  the  barbules,  with 
the  resultant  complexity  of  the  surface  of  the  feather,  results  in 
a  softening  and  blending  of  the  garish  colors  noticed  in  plane, 
thin  films,  because  of  the  diflterent  angles  at  which  different 
parts  of  the  curved  surface  are  \'iewed.  This  causes  a  mingling 
of  the  colors  seen  at  normal  and  at  other  angles  of  incidence, 
giving  added  softness  and  richness  of  color.  The  slight  local 
variations  in  the  thickness  of  the  color-producing  film  also 
contribute  to  this  effect  by  causing  a  mottling  of  colors,  which 
mingle  and  appear  to  the  eye  as  the  mean  color  of  all  the  various 
hues.  The  color  which  we  observe  on  the  feather  is  thus  the 
result  of  the  mingling  of  a  number  of  colors  adjacent  in  Newton's 
series,  which  produce  the  effect  of  a  single,  softer  color.  No 
one  can  deny  that  the  colors  of  thin  oil  films  on  a  pavement  are 
garish. 

Variation  in  the  thickness  of  the  color-producing  films  ex- 
plains the  different  colors  often  observed  on  a  single  feather, 
either  in  the  form  of  a  pattern,  as  in  the  case  of  the  peacock,  or 
in  gradations  of  color,  such  as  are  seen  in  the  feathers  of  the 
starling,  purple  grackle,  Lamprocnlius  phoenicopterus  bispecularis, 
and  other  birds.  Such  iridescent  feathers  show  bands  of  colors 
which  remind  one  very  much  of  the  colors  produced  by  oil  on  an 
asphalt  pavement.  For  instance,  some  of  the  feathers  of  the 
starling  are  iridescent  reddish  purple  at  the  base  shading  to 
yellowish  bronze  at  the  tip;  others  are  yellowish  green  at  the 
base  to  greenish  blue  at  the  tip;  while  some  feathers  of  the  purple 
grackle  shade  from  reddish  purple  at  the  base  to  blue,  greenish 
blue,  green,  yellow-green,  to  yellow-bronze  at  the  tips.  These 
sequences  of  shades  are  undoubtedly  produced  by  a  gradual 
variation  in  thickness  of  the  color-producing  films,  for  the  colors 
adjacent  on  the  feather  are  always  adjacent  in  Ne«-ton's  series, 
and,  moreover,  the  colors  shift  with  increasing  incidence,  just 
as  do  Newton's  rings,  the  shift  or  change  in  position  of  a  given 
color  being  toward  the  thicker  part  of  the  film. 

The  grosser  structure  of  the  feather  may  influence  the  appear- 
ance of  the  iridescent  colors  very  markedly.  Not  only  the 
perfection  of  the  surface  formed  by  the  overlapping  of  the  distal 
barbules,  but  also  the  visibility  of  the  color,  are  dependent  on 
this.  For  example,  the  blue-green  iridescent  barbules  of  the 
peacock  feather  are  present  in  the  black  center  of  the  "eye;" 
but  are  arranged  so  that  they  are  seen  edgewise  and  their  color 
ordinarily  does  not  appear.  The  iridescent  colors  of  many 
birds,  particularly  humming  birds,  are  often  visible  only  from  a 


position  in  front  of  the  bird,  and  are  quite  invisible  when  the  head 
of  the  bird  is  pointed  away  from  the  observer.  This,  again,  is 
due  to  the  barbules  which  are  so  arranged  that,  instead  of  having 
their  planes  in  the  general  plane  of  the  feather,  they  are  skewed 
or  tilted  somewhat,  and  lie  nonnal  to  a  direction  toward  the  head 
of  the  bird,  rather  than  in  the  plane  of  the  feather.  Con.se- 
quently,  they  are  seen  edgewise  from  other  positions,  and  give 
little  or  no  color. 

One  marvels  at  the  way  in  which  these  colors  are  produced 
with  such  uniformity  on  diflerent  feathers  and  diflerent  birds 
through  successive  generations,  in  spite  of  the  fact  that  a  very 
slight  variation  in  the  thickness  of  the  films  would  alter 
the  color  effect  greatly.  The  production  of  iridescence  seems  to 
present  a  most  remarkable  case  of  the  regulation  of  an  essential 
structure  within  very  sharply  defined  limits,  not  only  in  numer- 
ous individuals  but  also  through  many  successive  generations. 
Perhaps  more  remarkable  still  is  the  case  of  the  white  peacock. 
We  had  hoped  that  the  tail  feathers  of  the  white  peacock  differed 
from  those  of  the  ordinary  peacock  only  in  not  having  the  dark 
pigment  present,  in  which  case  dyeing  the  feather  or  painting 
the  back  of  it  black  would  bring  out  the  brilliant  metallic  colors. 
This  does  not  happen  because  the  tail  feathers  of  the  white  pea- 
cock do  not  have  at  all  the  same  structure  as  those  of  the  ordi- 
nary peacock.  In  spite  of  the  absence  of  color  and  the  complete 
difference  in  structure,  the  general  pattern  of  the  peacock  feather 
has  been  preserved  in  the  white  peacock  even  though  the  effect 
is  produced  in  an  entirely  different  way.  This  must  have 
some  great  biogenetic  significance,  though  fortunately  that  is  not 
a  problem  for  the  chemist. 

When  this  work  was  begun,  the  committee  believed  strongly 
in  Michelson's  theory  of  selective  reflection;  but  it  was  soon 
found  that  this  theory  could  not  be  applied  satisfactorily  to  the 
phenomena  observed,  and  the  conclusion  was  reached  finally 
that  Michelson  was  wrong  and  Lord  Rayleigh  was  right.  The 
iridescent  colors  of  feathers  are  caused  by  thin  laminae  or  films 
in  the  barbules  which  produce  interference  colors.  No  colors 
due  to  selective  reflection  have  been  detected  in  any  of  the  me- 
tallic feathers  which  have  been  studied.  The  birds  examined 
include : 


Black  Minorcas  and  Rhode  Island  Reds  (Callus) 

Bronze-winged  Pigeon  (Columbia  phaps) 

Common  Pigeon 

Green  Heron  (Ardea  virescens) 

Wood  Duck  (Aex  sponsa) 

Mallard  (Anas  boscbas) 

Sommering  Pheasant  (Phasanius  sommerinsO 

Monaul  Pheasant  (Lophophorus  impeyanus) 

Golden  Pheasant  (Thumalea  picia) 

Chinese  Pheasant  (Phasanius  loriiualus) 

Peacock  Pheasant  (PolypUctrum  bicalcaratum) 

Bronze-headed  Trogon 

Peacock  (Pavo  crtstatus) 

Musciroia  mexicana 

Ptilopus  puMa 

Plilopus  tulchellus 

Lamprocolius  phoenicopterus  bispecularis 

Purple  Grackle  (Quiscalus  purpureus) 

Jacamar  (Jacamarops  aureus) 

Ruby-throated  Humming  Bird  (Trochilus  colubris) 

Red  Kingbird  of  Paradise 

Wild  Turkey  (Meleagris  americana) 

Neltion  brasiliense 

Starling  (Siurnus  vulgaris) 

Muscovy  Duck  (Cairina  moschala) 


Chemists  in  New  Jersey  have  formed  a  Chemists'  Freling- 
huysen  Club  to  support  Senator  Frelmghuysen  in  his  candidacy 
for  reelection.  The  basis  of  the  appeal  is  to  be  his  sympathy 
for  and  ser\-ice  to  the  chemical  industry. 
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The  Journal  Literature  of  Chemistry 


By  E.  J.  Crane 
Ohio  State  Univeksity,  Couumbus,  Ohio 


HUMAN  progress  is  made  by  cooperation.  This  is  a 
scientific  and  industrial  age.  The  great  factor  for  prog- 
ress in  science  and  industry  is  research.  Coiiperation 
in  research  is  effected  chiefly  t)y  means  of  the  journal  literature. 
Among  scientists,  and  increasingly  among  men  of  industry,  there 
is  a  notably  fine  spirit  of  cooperation  and  service  which  prompts 
the  publication  for  the  liencfit  of  all  of  the  results  and  conclusions 
from  their  experiments  and  experiences.  In  the  production  of 
this  literature,  in  its  distribution,  and  in  its  use,  efficiency  is 
obviously  of  great  importance.  There  is  much  room  for  better- 
ment. The  amount  of  wasteful  repetition  of  thought  and  elTort 
(some  duplication  of  work  to  be  sure  is  desirable  and  profitable) 
that  can  be  attributed  to  the  slightness  of  our  command  of  the 
accumulated  knowledge  of  mankind  is  exceedingly  large.  The 
great  need  and  value  of  coordinated,  available  information  were 
discussed  with  a  broad  point  of  view  by  Dr.  Charles  L.  Reese  in 
his  admirable  address'  before  the  American  Chemical  Society 
at  Birmingham  and  the  efforts  and  plans  of  the  National 
Research  Council  in  its  Information  Sers'ice  towards  the  fulfil- 
ment of  this  need  were  described.  These  efforts  deserve  full 
support.  Dr.  Reese  dealt  with  information  as  a  whole  and  spoke 
mostly  of  needs.  It  is  my  purpose  here  to  set  forth  a  few  more  or 
less  random  observations  from  constant  work  with  the  journal 
literature  of  chemistry,  which  it  is  hoped  may  be  helpful  to 
individuals  in  their  efforts  to  increase  their  personal  efficiency 
in  the  use  of  this  literature  in  its  present  condition  and  with 
available  facilities.  Skill  in  this  direction  is  of  great  value  to 
any  chemist.     Are  not  too  many  lacking  in  such  skill? 

To  trace  in  detail  the  development  of  the  journal  literature  of 
chemistry  from  the  |)eriod  when  personal  contact  and  corre- 
sixjndcnce  were  the  only  means  of  co6|Kration  through  the  various 
stages  up  to  the  present  time,  or  to  attempt  to  classify  this  litera- 
ture, as  might  be  done  in  several  ways,  is  beyond  the  limits  of 
this  paper.  Suffice  it  to  say  that  since  1665,  when  the  first 
scientific  journal,  the  Philosophical  Transactions  of  the  Royal 
Society,  put  in  its  appearance,  there  has  been  an  accelerated 
increase  in  the  numlxr  of  journals  of  interest  to  the  chemist, 
and  the  bulk  of  the  accumulated  material  has  become  almost 
staggering  in  its  proportions.  At  the  present  time  there  are 
over  a  thousand  journals  apiwaring  which  have  at  least  some 
chemical  interest.  The  vastness  of  the  chemical  journal  litera- 
ture, its  rapid  and  continuous  advance  upon  the  frontiers  of  our 
knowledge,  and  its  essentially  unorganized  state,  arc  further 
arguments  why  the  chemist  should  see  to  it  that  he  learns  how 
best  to  make  use  of  the  means  which  have  been  provided  to  make 
this  .sea  of  information  navigable.  Otherwise  he  is  likely  to  be 
lost  at  sea. 

Exactness  in  Writino 

Many  chemists  are  protluccrs  as  well  as  users  of  chemical 
literature  While  it  is  my  purpose  to  speak  chiefly  of  the  u.se  of 
the  literature,  may  I  call  attention  to  one  characteristic  of 
chemical  paiK-rs  which  our  exiHTience  in  the  office  of  Chemical 
Abstracts  leads  us  to  believe  ought  to  \x  l)ettercd  by  chemists 
who  write  pajK-rs?  That  exactness  in  scientific  work  is  of  para- 
mount imimrtanec  is  not  likely  to  be  questioned.  The  same 
careful  precautions  to  insure  exactness  which  are  taken  in  their 
work  in  the  laboratory  arc  apparently  not  always  followed  in 
the  reports  of  their  work  as  written  by  a  good  many  chemists. 
'  This  Joimnal,  14  r  ivijji     ua 


It  is  a  matter  of  good  English  and  good  nomenclature.  Sentences 
which  may  have  more  than  one  meaning  and  names  which  do 
not  definitely  identify  compounds  are  not  infrequent  in  chemical 
papers.  It  is  the  duty  of  editors  to  bring  about  improvements 
in  this  respect.  It  is  nevertheless  important  that  those  who 
write  papers  watch  carefully  for  such  situations  and  correct  them; 
things  get  past  editors. 

It  is  particularly  with  reference  to  the  names  of  chemical 
compounds  that  improvement  is  urgent.  The  journal  literature 
is  full  of  bad  nomenclature.  May  it  not  rightly  be  considered 
the  duty  of  every  chemist  who  writes  a  paper  to  attempt  to 
determine  the  best  name  for  each  compound  which  he  has  occa- 
sion to  mention?  Unfortunately,  this  is  not  always  an  easy 
matter,  but  it  is  usually  possible.  For  the  commoner  compounds 
Webster's  New  International  Dictionary  is  a  good  standard. 
For  inorganic  compounds  Roscoe  and  Schorlemmer's  "Treatise 
on  Chemistr>'"  (Vol.  T,  The  Non-metals;  Vol.  II,  The  Metals), 
and  Mellor's  "Modem  Inorganic  Chemistry"  are  good.  The 
indexes  to  the  Journal  of  the  Chemical  Society  (London)  and  to 
Chemical  Ahstrccts,  in  the  preparation  of  which  special  efforts 
have  been  made  to  keep  the  nomenclature  good,  should  be  help- 
ful. The  American  Chemical  Society's  Nomenclature,  Spell- 
ing and  Pronunciation  Committee  is  always  willing  to  do  what  it 
can  to  assist.  The  chemist  especially  interested  in  one  branch 
of  chemistry  is  more  likely  to  fail  to  use  proper  nomenclature 
if  he  has  occasion  to  enter  into  the  special  domain  of  another 
branch.  For  example,  it  is  possible  to  point  out  comparatively 
numerous  cases  in  which  a  physical  chemist  has  made  very  exact 
measurements  of  some  property  of  an  organic  compound,  giving 
perhaps  a  figure  involving  several  decimal  places,  and  then  in 
reporting  his  results  has  used  a  name  which  is  indefinite,  as  that 
of  a  compound  with  isomers  without  designation  of  the  particular 
isomer.  The  use  of  good  chemical  nomenclature  is  really  neces- 
sary in  the  use  of  good  English  and  in  that  sense  is  a  cultural 
attainment.  Furthermore,  some  knowledge  of  good  nomencla- 
ture is  essential  if  efficient  literature  searches  are  to  be  made. 

Distribution  of  Literature 

The  distribution  of  the  journal  hterature  is  more  or  less  hap- 
hazard and  imeven.  It  is  often  a  problem  to  lay  hands  on  a 
needed  paper  after  a  reference  to  it  has  been  located.  Desired 
papers  may  appear  in  rare  journals  available  only  in  a  few  places 
and  many  chemists  are  located  far  from  good  libraries.  This 
situation  has  been  helped  greatly  in  recent  years  by  the  intro- 
duction in  most  of  the  larger  scientific  libraries  of  a  photostat 
copying  service.  Photostat  copies  of  papers  can  now  be  ob- 
tained from  a  number  of  centers  at  a  rate  which  is  approximately 
equivalent  to  cost.  The  significance  of  this  comparatively 
new  facility  is  apparently  not  fully  recognized  as  yet  and  full 
advantage  of  it  has  not  been  taken.  Inter-library  lending  prac- 
tice, a  translating  service  by  a  few  libraries,  and  the  lending  of 
rare  journals,  not  available  elsewhere,  by  the  office  of  Chemical 
Abstracts,  are  other  means  of  obtaining  papers. 

Many  are  familiar  with  the  list  of  current  periodicals  of  in- 
terest to  the  chemist  which  has  been  compiled  in  the  office  of 
Chemical  Abstracts.  This  list,  which  now  contains  well  over  a 
thousand  entries,  is  being  revised  and  will  soon  be  published 
again  as  a  supplement  to  a  number  of  Chemical  Abstracts.  An- 
nouncement is  made  that,  in  addition  to  the  customary  in- 
formation as  to  frequency  of  appearance,  number  of  volumes 
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per  year,  price,  and  publishers'  names  and  addresses,  the  new 
list  will  supply  information  as  to  where  among  the  more  impor- 
tant libraries  of  the  United  States  files  of  the  various  journals 
are  maintained.  Also  information  will  be  given  in  each  case 
as  to  whether  or  not  a  copying,  lending,  or  translating  service 
is  maintained  by  these  libraries.  Approximately  170  libraries 
representing  all  parts  of  the  country  will  be  included.  This 
information  on  the  location  of  journals  has  been  gathered  by 
the  National  Research  Council.  Drs.  Harrison  E.  Howe,  Clar- 
ence J.  West,  and  Callie  Hull  deserve  credit  for  providing  the 
instrumentality  for  effecting  this  canvass  of  libraries.  With  these 
location  data  available  and  photostat  service  becoming  more 
extensive,  the  solution  of  the  problem  of  getting  to  papers  or 
of  obtaining  copies  should   be  greatly  helped. 

Indexes 

The  main  problem,  of  course,  in  using  the  journal  literature 
is  in  finding  references,  all  that  are  pertinent  to  the  subject  at 
hand,  in  order  that  one  may  learn  what  the  literature  contains 
and  all  that  it  contains  relating  to  this  subject.  This  is  often 
difficult.  It  is  doubtful  it  there  is  a  more  important  problem 
for  students,  in  college  or  out,  to  learn  how  to  solve.  Its  solu- 
tion involves  to  some  extent  a  familiarity  with  the  more  impor- 
tant journals,  particularly  the  abstract  journals,  but  above  all 
it  involves  a  knowledge  of  indexes  and  how  to  use  them.  Refer- 
ences to  the  journal  literature  are  often  obtained  from  books  or 
from  one  paper  to  others,  but  mostly  they  are  obtained  from 
indexes,  usually  of  abstract  journals.  It  is  frequently  assumed 
that  the  use  of  indexes  in  making  literature  searches  is  a  simple 
matter  requiring  no  special  experience  or  ability.  This  is  a 
mistake.  The  making  of  indexes  is  an  art  in  itself,  involving 
more  than  a  comprehensive  knowledge  of  the  general  subject 
being  covered,  and  the  use  of  indexes  is  no  less  an  art.  This 
deserves  emphasis.  It  is  true  partly  because  existing  indexes 
vary  greatly  in  kind,  thoroughness,  and  quality.  Even  in  the 
use  of  the  best  subject  indexes  the  user  must  meet  the  indcxer 
part  way  for  really  good  results.  Conscious  effort  to  become  a 
good  index  user  will  well  repay  any  scientist.  Many  a  day  has 
been  spent  in  the  laboratory  seeking  information  by  experiment 
which  might  have  been  obtained  in  a  few  minutes,  or  hours  at 
the  most,  in  the  library,  had  the  literature  search  been  efficient. 
Because  of  the  belief  that  index  searching  is  a  neglected  art 
and  yet  one  of  much  importance,  the  remainder  of  my  limited 
time  will  be  devoted  to  subject  indexes — the  most  useful  kind. 

What  constitutes  a  good  index?  The  test  is  to  determine 
whether  or  not  an  index  will  ser\e  as  a  reliable  means  for  the 
location,  with  a  minimum  of  effort,  of  every  bit  of  information 
in  the  source  covered  which,  according  to  the  indexing  basis, 
that  source  contains.  To  meet  this  test  an  index  must  be  ac- 
curate, complete,  sufficiently  precise  in  the  information  supplied, 
and  so  planned  and  arranged  as  to  be  convenient  to  use.  Ex- 
isting indexes  fall  far  short  of  this  ideal  in  many  cases,  and  of 
course  somewhat  short  of  it  in  all  cases. 

The  main  purpose  in  indexing  is  sometimes  partially  lost 
sight  of  through  an  effort  to  bring  some  sort  of  classification 
into  it.  Classification  in  connection  with  indexing  frequently 
detracts  from,  rather  than  enhances,  the  efficiency  and  useful- 
ness of  an  index,  and  is  beside  the  main  purpose. 

How  TO  Use  an  Index 

The  first  step  in  learning  how  to  use  subject  indexes  with 
maximum  effectiveness  is  to  become  familiar  with  the  characteris- 
tics and  peculiarities  of  important  existing  chemical  indexes. 
The  most  significant  point  to  note  is  whether  or  not  a  so-called 
subject  index  is  really  an  index  of  subjects  or  an  index  of  words. 
The  tendency  to  index  words  instead  of  thoroughly  to  enter  sub- 
jects constitutes  the  greatest  weakness  in  the  literature  of  chem- 
istry.    There  is  a  vast  difference.     Words  are  of  course  necessary 


in  the  make-up  of  a  subject  index,  but  it  is  imjxjrtant  for  an  in- 
dexcr  to  remember  that  the  words  used  in  the  text  of  a  publica- 
tion are  not  necessarily  the  words  suitable  for  index  headings  or 
even  modifying  phrases.  Word  indexing  leads  to  omissions, 
scattering,  and  unnecessary  entries.  After  the  most  suitable 
word  or  group  of  words  from  the  indexing  point  of  view  has 
been  chosen  for  a  heading,  it  should  of  course  be  used  consis- 
tently no  matter  what  the  wording  of  the  text  may  be.  To 
illustrate  a  kind  of  scattering  of  entries  which  may  result  from 
word  indexing,  let  us  consider  such  a  scries  of  article  titles  as 
follows : 

"An  Apparatus  for  the  Determination  of  Carbon  Dioxide," 
"A  New  Absorption  Apparatus,"  "Apparatus  for  Use  in  the 
Analysis  of  Baking  Powder,"  "An  Improved  Potash  Bulb" 
and  "Flue  Gas  Analysis."  Word  indexes  would  no  doubt  con- 
tain an  entry  under  the  heading  "Carbon  dioxide"  for  the  first 
title,  one  under  "Absorption  apparatus"  for  the  second,  under 
"Baking  powder"  for  the  third,  under  "Potash  bulb"  for  the 
fourth,  and  one  under  "Flue  gas"  for  the  fifth,  and  probably  no 
others.  These  entries  seem  reasonable  enough  if  the  titles  are 
considered  separately  without  thought  of  the  others.  And  yet 
the  articles  may  all  be  descriptive  of  the  same  sort  of  apparatus. 
As  a  matter  of  fact,  all  these  titles  might  conceivably  be  used 
for  the  same  article;  if  the  author  happened  to  be  working  on 
baking  powder  or  on  flue  gas  analysis  when  he  conceived  the 
idea  for  his  novel  piece  of  apparatus,  or  had  it  in  mind  particularly 
for  one  purpose  or  the  other,  he  might  choose  one  of  the  more 
specific  titles  for  his  article  rather  than  one  of  the  more  general 


In  an  index  entirely  based  on  subjects  rather  than  words,  it 
would  be  the  task  of  the  indcxer  to  see  that  all  these  articles 
get  indexed  under  one  heading,  or  under  each  of  more  than  one 
heading,  best  with  cross  references  pointing  from  the  other  pos- 
sible headings  to  the  one  or  more  headings  used.  Or,  if  there 
seems  to  be  some  justification  for  scattering  owing  to  differ- 
ences in  point  of  view  (word  indexing  caimot  be  gotten  away 
from  entirely),  he  would  make  sure  that  the  necessary  cross 
references  are  supplied  to  lead  the  index  user  about  from  head- 
ing to  heading  so  that  all  entries  can  be  readily  located.  It 
is  not  hard  to  determine  whether  or  not  an  index  is  a  word 
index;  when  this  is  suspected  or  noted,  one  should  look  around 
pretty  thoroughly  in  its  use  instead  of  being  satisfied  that  the 
entries  found  under  the  obvious  heading  are  all  that  the  index 
contains  on  a  subject. 

It  is  important  to  note  the  approximate  degree  of  complete- 
ness of  an  index  in  use.  There  is  perhaps  no  definite  point  at 
which  a  subject  index  may  be  said  to  be  complete.  The  indexing 
basis  is  too  indefinite.  A  great  many  subject  indexes  are  not  as 
full  as  they  ought  to  be.  Aside  from  word  indexing  the  indexing 
merely  of  titles  is  the  most  common  reason  for  incompleteness. 
Titles  cannot  be  depended  upon  to  furnish  the  information  nec- 
essary for  adequate  subject  indexing.  An  index  may  be  rea- 
sonably complete  from  one  point  of  view  and  not  from  others. 
For  example,  a  publication  devoted  to  bacteriology  may  not 
reasonably  be  expected  to  be  indexed  fuUy  from  the  chemical 
point  of  view.  Completeness  in  the  information  suppUed  in 
modifying  phrases,  as  well  as  completeness  in  index  headings, 
needs  to  be  taken  into  consideration.  It  is  necessar>-,  of  course, 
to  call  forth  one's  resourcefulness  to  a  special  degree  if  a  relatively 
inco.-nplete  index  is  to  be  used. 

Cross  references  play  an  important  role  in  subject  indexing 
and  in  the  use  of  subject  indexes.  Word  indexing  is  really  hard 
to  avoid  and  cross  references  are  the  great  preventive.  It  is  a 
good  sign  if  a  subject  index  has  a  plentiful  supply  of  cross  ref- 
erences, both  on  the  "see"  kind  and  the  "see  also"  kind.^  They 
make  for  unifonnity  and  proper  correlation.     "See  also"  cross 

2  Cross  references  which  refer  from  a  possible  heading  under  which 
no  page  references  are  given  to  the  chosen  heading  where  they  may  be  found 
are  called  "see"  references,  as  "Mineral  oils.  See  Petroleum;"  those  which 
connect  headings  representing  allied  subjects  or  containing  related  entries 
are  called  "see  also"  references,  as  "Iron  alloys.     See  also  Steel." 
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references  arc  of  just  as  much  importance  as  the  "see"  kind 
though  not  as  much  used.  The  service  which  they  render  in 
directing  the  index  user  to  related  headings  or  to  headings  which, 
though  dissimilar  for  the  most  part,  have  entries  under  them 
likely  to  be  of  interest  to  the  investigator  who  refers  to  the  original 
heading,  is  often  the  chief  means  of  making  a  search  complete. 
It  is  not  reasonable  to  expect  an  index  user,  or  an  indexer,  as 
a  matter  of  fact,  to  think  of  all  of  the  headings  representing 
related  or  significant  subjects  under  which  headings  he  may 
find  vahiable  references  that  might  other\\'ise  be  missed.  Never- 
theless, in  the  careful  indexing  year  after  year  of  a  periodical 
devoted  to  a  more  or  less  definite  field,  as  an  abstract  journal 
for  example,  subjects  are  come  upon  in  such  a  variety  of  con- 
nections and  from  so  many  angles  that  it  is  possible  for  a  truly 
comprehensive  list  of  cross  references  to  be  built  up.  The 
suitability  of  a  given  "see  also"  cross  reference  may  not  be 
clear,  much  less  suggest  itself,  until  a  specific  case  in  which  it  is 
helpful  is  observed  It  often  pays  to  follow  up  such  a  cross 
reference  even  when  it  does  not  Uxjk  as  if  it  applies  in  a  given 
case.  The  indexer,  in  surveying  the  whole  field  year  after  year, 
is  in  a  position  to  make  valuable  suggestions  in  the  form  of  cross 
references  calculated  to  lead  the  index  user  from  place  to  place 
in  the  index,  so  that  the  chances  that  his  search  will  be  really 
exhaustive  as  far  as  that  particular  index  is  concerned  are  much 
increased. 

reTsi.stencc  is  a  good  qualification  for  index  searching.  It 
is  desirable  to  avoid  being  too  soon  satisfied.  There  is  no  task 
in  which  thoroughness  is  more  important.  It  involves  first  a 
knowledge  of  the  indexing  system  and  of  the  characteristics  of 
the  index.  Then  one  needs  to  Ijc  resourceful,  exhausting  all 
pos.sibilities,  if  he  is  to  avoid  some  futile  searches  or  incomplete 
findings.  One's  fund  of  general  knowledge  can  usually  be 
tirought  into  .scrWcc  to  good  ad\-antage. 

On  account  of  the  necessity  of  drawing  on  one's  general  knowl- 
edge in  making  a  litcrattirc  search  in  any  field,  it  is  in  many 
instances  important  that  one  should  make  his  own  searches. 
It  is  not  always  safe  to  let  .some  one  less  well  informed  in  a  cer- 
tain field  make  an  index  search  when  a  complete  survey  is  de- 


sired, even  though  his  familiarity  with  indexes  and  the  literature 
in  general  may  be  better  than  one's  own.  Just  as  some  tasks 
in  the  laboratory  can  be  turned  over  to  another  to  advantage, 
but  not  the  more  important  determinations  and  experiments, 
so  some  tasks  in  the  library  can  be  delegated  to  an  assistant, 
but  not  all  such  tasks.  Knowledge,  skill,  and  power  of  ob- 
servation, are  factors  fruitful  of  important  results  in  the  library 
as  well  as  in  the  laboratory.  Literature  searching  is  a  dignified 
pursuit,  and  it  cannot  with  impunity  be  assigned  to  a  lower 
level  than  that  of  the  laboratory  side  of  problems,  as  far  as  the 
attention  it  receives  is  concerned. 

With  a  given  problem  at  hand  the  first  step,. of  course,  is  to 
think  out  the  most  likely  places  to  look  in  the  indexes  to  be 
used.  This  may  be  a  simple  matter  or  it  may  be  a  very  difficult 
one,  depending  on  the  nature  of  the  problem.  Difficulty  in- 
creases with  indefiniteness.  Experience  is  necessary.  In  fact, 
the  beginner  is  often  completely  at  a  loss  to  know  what  to  do  at 
this  very  first  stage  of  his  search.  This  point  is  stressed  in 
the  Report  of  the  Subcommittee  on  Research  in  Chemical  Lab- 
oratories, presented  to  the  Committee  of  One  Hundred  on  Scien- 
tific Research,  New  York,  December  26,  1916.'  In  this  report, 
which  commends  and  recommends  courses  in  chemical  literature 
searching  in  the  universities,  it  is  pointed  out  that  the  average 
graduate  "fails  to  analyze  the  subject"  in  which  he  is  interested 
"into  its  factors,  and  hence  generally  looks  for  topics  which  are 
too  general.  Because  he  does  not  find  any  references  to  the 
problem  as  a  whole  as  he  has  it  in  mind,  he  assumes  that  nothing 
has  been  done  upon  it  and  that  there  is  nothing  in  the  literature 
which  will  be  of  aid  to  him  in  the  investigation.  Were  he  to 
separate  his  subject  into  its  essential  parts  and  then  to  consult 
the  literature  on  each  factor,  he  would  find  considerable  informa- 
tion which  he  otherwise  would  miss."  Even  though  some  index 
headings  to  which  to  turn,  perhaps  the  more  important  ones, 
may  be  brought  to  mind  without  ingenuity,  the  completeness 
of  a  search  may  be  marred  by  a  failure  properly  to  analyze  the 
prolilera.  Indexes  with  cross  references,  particularly  "see  also" 
ones.  help. 

'  Scitnce,  46  (1917),  34. 
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Too  much  dependence  on  cross  references  is  not  advisable. 
They  may  not  be  available  at  all  and  they  are  never  complete. 
With  a  given  heading  in  mind  it  is  well  to  cudgel  one's  brain  for 
synonymous  words  or  phrases  to  try.  as  well  as  for  variously 
related  subjects,  and  it  is  advisable  to  try  these  even  though 
entries  as  expected  are  found  in  the  first  place  to  which  one  has 
turned.  Words  or  phrases  with  an  opposite  meaning  to  the  one 
in  mind  may  serve  as  subject  headings  under  which  desired  entries 
may  be  found.  For  example,  the  searcher  interested  in  viscosity 
may  find  significant  entries  under  the  heading  "Fluidity"  in 
addition  to  those  under  "Viscosity."  Incidentally,  it  may  be 
noted  that  the  word  "consistency"  may  serve  as  a  heading  for 
still  other  related  entries.  Or,  some  entries  under  "Electric 
resistance"  may  interest  the  searcher  whose  thought  on  turning 
to  an  index  was  of  "Electric  conductivity."  If  such  related 
subjects  are  not  suggested  by  cross  references  and  have  not  been 
thought  of  in  advance,  they  may  be  suggested  by  the  nature  of 
some  entry  under  the  heading  first  turned  to  if  one  is  on  the  look- 
out for  them. 

The  resourcefulness  required  in  making  a  thorough  search 
through  subject  indexes  can  best  be  discussed  by  treating  of 
an  example; 

Suppose  one  were  interested  in  looking  up  all  possible  refer- 
ences on  vitamins.  The  first  place  to  which  to  turn  naturally 
would  be  the  heading  "Vitamins"  in  the  indexes  to  the  various 
reference  sources  to  be- used.  This  would  rarely,  if  ever,  be  far 
enough  to  go.  If  only  one  of  the  indexes  contained  ".see  also" 
cross  references,  these  might  be  helpful  in  the  use  of  the  other 
indexes.  This  playing  of  one  index  against  another,  so  to  speak, 
is  always  a  possible  means  of  helping  out.  Cross  references  should 
be  looked  for.  Since  it  is  not  always  possible  to  find  such  cross 
references  and  it  is  not  safe  to  depend  too  much  on  them,  to  be 
complete  one  might  follow  out  a  line  of  thought  as  follows. 
\'itamins  are  constituents  of  foods.  It  may  be  worth  while  to 
look  under  "Foods."  Entries  may  be  found  there  with  some  such 
a  modifying  phrase  as  "accessory  constituents  of."  Vitamins 
are  a  factor  in  health  and  the  effect  of  foods  on  health  involves 
the  idea  of  diet  or  ration.  These  headings,  or  this  heading  if 
they  are  combined  under  "Diet,"  for  example,  as  would  seem 
best  in  a  true  subject  index,  would  no  doubt  prove  fruitful  of 
significant  references.  Studies  of  proper  diet  or  of  adequate 
ration  for  an  army  would  beyond  doubt  involve  the  vitamin 
theory.  Experiments  to  determine  the  nutritional  value  of 
foods  are  frequently  called  feeding  experiments,  so  a  heading 
"Feeding  experiments"  may  be  looked  for  to  advantage.  Food 
is  taken  for  the  purpose  of  nutrition  and  the  vitamin  problem 
is  a  nutrition  problem.  Therefore,  the  general  subject  "Nutri- 
tion" needs  to  be  examined  in  the  indexes.  There  is.  of  course, 
such  a  thing  as  plant  nutrition  as  well  as  animal  nutrition.  One 
might  seek  to  determine,  if  he  did  not  know,  whether  or  not  there 
is  a  theon.-  of  plant  nutrition  analogous  to  the  vitamin  theory  in 
animal  nutrition,  so  the  heading  "Plant  nutrition"  or  the  heading 
"Plants"  would  be  suggested.  If  he  did  not  know  it,  he  would 
likely  learn  that  there  are  substances  supposed  to  be  factors  in 
plant  life,  called  auximones  by  Bottomley.  W'hich  are  analogous 
to  the  \-itamins  in  animal  nutrition.  The  heading  "Auximones" 
would,  of  course,  then  be  suggested  for  reference.  The  lack  of 
vitamins  in  the  diet  is  considered  by  some  to  be  the  cause  of 
certain  diseases  (beriberi,  pellagra,  polyneuritis,  scur\'>',  xeroph- 
thalmia). These  ought,  therefore,  to  be  referred  to  as  index 
headings.  The  general  heading  "Diseases"  should  be  tried  also, 
such  a  modifying  word  as  "deficiency"  being  looked  for.  Per- 
haps the  next  thing  for  the  index  user  to  do  would  be  to  ask  him- 
self, or  someone  else,  whether  or  not  there  is  a  definite  name  for 
this  general  type  of  disease;  he  would  find  that  there  is  and  that 
the  name  is  aintaminosis,  w-hich  should  then  be  turned  to  as  a 
heading.  Certain  specific  foods  have  been  used  and  studied, 
particularly  with  reference  to  the  vitamin  theory — as.  for  exam- 
ple, polished  rice,  milk,  butter,  orange  juice,  yeast,  tomatoes,  etc. 
It  seems  unreasonable  to  be  expected  to  think  of  these,  or  at  least 
all  of  them  and  yet  an  article  entitled,  say,  "The  Effect  on  Pi- 
geons of  Eating  Polished  Rice."  may  be  word-indexed  only  in 
some  index,  and  therefore  only  get  under  the  headings  "Kice"  and 
perhaps  "Pigeons."  \'itamins  have  been  diflerentiated  as  "fat- 
soluble  A,"  "water-soluble  B,"  etc  .  and  are  sometimes  spoken 
of  merely  in  these  ways.  It  is  conceivable  that  some  indexes 
may  have  these  names  as  headings.  In  the  earlier  literature 
studies  resembling  the  modem  vitamin  studies  are  to  be  found 
in  which  other  names  for  the  accessory  food  constituents  are 


used,  as  nutramines  (Abderhaldcn),  bios  (Wildiers)  and  ory/anin 
(Suzuki).  The  text  referred  to  from  any  one  of  the  above- 
mentioned  headings  may  suggest  still  other  headings,  as  the  names 
of  specific  foods  supposed  to  be  rich  in  vitamins. 

The  principle  of  referring  to  the  general  as  well  as  to  the  specific 
subject,  as  exemplified  in  the  preceding  paragraph  by  the  subject 
"avitaminosis"  for  the  general  and  by  the  individual  deficiency 
diseases  (beriberi,  etc.)  for  the  specific,  is  a  good  one  to  keep 
constantly  in  mind  in  using  subject  indexes.  This  principle 
applies  aptly  in  searches  for  information  regarding  compounds. 
Group  names  for  compounds  may  serve  as  index  headings  under 
which  entries  of  interest  to  the  searcher  interested  in  an  individual 
compound  may  be  found.     An  example  will  serve  to  illustrate: 

Supposing  one  were  interested  in  finding  all  the  information  he 
could  with  reference  to  the  electrolysis  of  sodium  cliloride.  In 
addition  to  looking  up  the  references  under  the  heading  "Sodium 
chloride"  in  the  indexes  to  be  used,  it  would  be  desirable  to  look 
also  for  entries  of  interest  under  such  headings  as  the  following: 
"Alkali  metal  halides,"  "Chlorides,"  and  "Halides."  A  process 
described  for  the  electrolysis  of  alkali  metal  halides  in  general 
may  be  of  just  as  much  interest  and  value  to  the  search  in  hand 
as  one  specified  to  be  particularly  for  sodium  chloride,  and  yet 
the  indexes  are  not  likely  to  carry  entries  for  each  of  the 
members  of  a  group  of  compounds  if  a  definite  group  is  under 
discussion.  Cross  references  may  be  supplied  in  some  cases  but 
it  is  hardly  reasonable  to  expect  an  index  to  go  further.  A  process 
for  electrolyzing  chlorides,  for  instance,  could  not  within  reason 
be  entered  under  headings  representing  each  of  the  numerous 
known  chlorides.  The  index  user  must  expect  to  think  of  such 
possibilities  and  make  his  search  complete  accordingly.  Another 
different  kind  of  lead  to  follow  to  insure  a  complete  search, 
particularly  when  the  indexes  to  be  used  are  word  indexes,  is  to 
think  of  the  products  of  the  process  being  studied,  in  this  case 
chlorine,  sodium  hydroxide,  and  possibly  sodium  hypochlorite. 
And  in  addition  to  looking  up  the  headings  represented  by  the 
Dames  of  these  compounds,  completeness  is  insiu'ed  only  by 
trying  the  headings  "Halogens,"  "Alkalies,"  or  "Alkali  metal 
hydroxides."  and  again  possibly  "Alkali  metal  hypohalites" 
and  "Hypohalites."  The  product  of  some  simple  electrolytic 
process  which  does  not  involve  the  recovery  of  chlorine  or  alkali 
may  be  merely  called  "bleaching  solution"  or  be  given  some  like 
name.  And  still  further  it  may  be  worth  while  to  look  up  such  a 
heading  as  "Potassium  chloride"  as  a  representative  of  a  closely 
related  compound  which  might  be  subjected  to  a  similar  process, 
or  at  least  might  be  studied  as  to  the  possibilities.  Still  other 
headings  worthy  to  be  tried  are  "Electrolytic  cells"  and  possibly 
"Electrolysis;"  this  last  heading,  however,  is  too  general  to  be 
used  as  an  index  heading  for  every  process  involving  electrolysis, 
and  is  not  likely  to  be  used  for  studies  or  discussions  of  specific 
substances.  This  whole  example  serves  to  show  again  that 
resourcefulness  and  the  use  of  one's  general  knowledge  of  chem- 
istry must  come  prominently  into  play  in  the  making  of  index 
searches. 

The  resourcefulness  necessary  in  the  location  of  information 
by  means  of  the  great  variety  of  subject  indexes  in  existence 
may  seem  to  be  little  more  than  clever  guessing  at  times.  A 
paper  on  glass,  so  called  and  indexed  only  under  "Glass,"  may 
reveal  a  principle  governing  the  action  of  metals  or  other  under- 
cooled  melts.  Authors  often  fail  to  see  the  full  significance 
of  their  experimental  results,  and  it  is  not  often  that  the  indexer 
will  go  further  than  the  author  in  bringing  out  this  significance 
for  attention.  The  kind  of  flexible  ingenuity  necessary  for 
the  location  of  information  in  this  way  is  perhaps  only  to  be  ac- 
quired by  experience.  It  is  really  more  than  guessing  that  re- 
sults in  the  location  of  information  in  this  way,  and  yet  it  seems 
as  if  a  little  more  than  reasoning  power,  something  like  intuition, 
is  sometimes  necessary. 

Chemical  publications  present  a  special  problem,  both  to  the 
subject  indexer  and  to  the  index  user,  in  that  many  headings 
must  consist  of  the  names  of  chemical  compounds.  The  diffi- 
culties encountered  are  to  be  attributed  (1)  to  the  fact  that  many 
compounds  have,  or  may  have,  more  than  one  name,  (2)  the 
names,  or  at  least  the  best  names,  of  the  more  complex  compounds 
may  be  difficult  to  ascertain,  and  (3)  new  compounds  are  con- 
stantly being  prepared,  which,  if  named  at  all,  may  receive  more 
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than    one   name   which  is  justified  from    one  point  of  vinv.-  or 
another,  and  the  possibilities  of  incorrect  names  are  great. 

It  is  not  feasible  to  enter  into  a  detailed  discussion  of  the  best 
procedure  in  building  or  using  indexes  of  chemical  compounds. 
The  difficulties  increase  with  increasing  complexity  of  compounds. 
Some  indexes  are  based  on  systematic  nomenclature,  irrespective 
of  names  used  by  authors;  others  are  not.  Cross  references  within 
an  index  and  introductions  thereto,  and  the  use  by  index  searchers 
of  dictionaries,  chemical  encyclopedias,  handbooks,  and  other 
sources  of  information  leading  to  a  knowledge  of  the  names, 
sometimes  numerous,  of  compounds,  are  helps  to  be  utilized. 
As  mentioned  above,  a  knowledge  of  what  constitutes  good  no- 
menclature is  a  great  aid  in  the  location  of  compounds  in  name 
indexes.  This  is  particularly  important  for  the  organic  chemist. 
It  is  on  account  of  the  almost  insurmountable  difficulties  due  to 
the  complexities  of  chemical  nomenclature  and  because  of  lan- 
guage differences,  that  a  basis  other  than  their  names — namely, 
their  empirical  formulas— has  been  sought  and,  toa  limited  extent, 
used,  in  the  indexing  of  compounds.  A  formula  index  provides 
a  certain  means  for  the  location  of  individual  compounds;  it  is 
very  doubtful  if  the  average  chemist  can  locate  compounds  in 
all  cases  in  name  indexes  even  though  systematic  nomenclature 
may  have  been  consistently  followed  in  the  indexing.  In  name 
indexes  it  is  possible,  by  appropriate  devices,  to  group  related 


compounds  to  good  advantage.  This  is  well  brought  out  in  a 
discussion   written   in    1919   by    Dr.   Austin   M.    Patterson.' 

The  subject  index  searcher  is  confronted  with  nomenclature 
problems  relating  to  fields  other  than  that  of  chemical  compounds. 
For  example,  the  chemist  interested  in  plants  must  contend  with 
the  fact  that  some  indexes  use  the  scientific  names  (genus  and 
species)  of  plants  as  headings  and  others  use  common  names, 
of  which  there  are  frequently  several  for  the  same  plant. 

The  use  of  indexes  in  foreign  languages  presents  obvious  diffi- 
culties. It  is  one  thing  to  be  able  to  read  a  foreign  language 
and  another  to  translate  one's  thoughts  into  that  language. 
The  use  of  an  English-French,  English-German,  or  other  like 
dictionary,  depending  on  the  language  involved,  is  about  the 
only  help  available.  The  introduction  to  Patterson's  German- 
English  Dictionary  for  Chemists  and  that  to  his  French-EngUsh 
Dictionary  contain  some  helpful  suggestions  useful  for  determin- 
ing German  and  French  names  of  chemical  compounds. 

May  I  conclude  by  asking  a  question?  Of  the  limited  amount 
of  information  which  we  as  indi\'iduals  can  store  in  our  heads, 
is  it  not  preeminently  desirable  that  a  part  of  that  information 
consist  of  a  thorough  knowledge  of  where  and  how  to  locate 
additional  information  when  needed? 

<  This  Journal,  11  (1919),  9S9. 


Research:  Its  Position  in  the  Making  of  an  Industry 


By  John  E.  Teeple 

50  E.  41sT  St.,  N'kw  York.  N.  Y. 


FOR  THE  last  three  or  four  years  I  have  been  very  much 
interested  in  three  different  problems,  all  in  industrial 
chemistry  but  in  widely  separated  fields:  (I)  manu- 
facture of  decolorizing  carbon,  (2)  cracking  heavy  petroleum, 
(3)  manufacture  of  potash.  Although  in  such  widely  separated 
fields,  there  was  a  close  similarity  in  the  method  of  handling 
each  one.  The  ultimate  aim  in  each  case  was  to  build  a  .stable 
industry. 

Decolorizing  Carbon 

In  this  case  the  starting  point  was  a  process  brought  to  me  for 
investigation.  The  process  proved  entirely  impractical.  The 
next  step  was  to  accumulate  some  organized  facts  regarding  the 
importance  of  various  factors  in  making  a  good  decolorizing 
carbon,  factors  such  as  temperature,  pressure,  time,  raw  material, 
catalyzers,  state  of  division,  reaction  with  gases.  On  the  basis 
of  the  fjicts  so  gathered,  I  propounded  a  working  hypothesis 
to  guide  the  further  investigation.  The  hypothesis  was  probably 
wrong  in  whole  or  in  part,  but  it  served  its  purpose  in  directing 
the  work. 

We  finally  succeeded  in  making  on  a  small  scale  in  the  labora- 
tory a  Iwttcr  carlKin  than  any  commercial  product  that  we  could 
find.  The  study  continued  in  larger  apparatus  until  the  labora- 
tory limit  was  reached.  Then  came  semiplant  scale  work,  then 
larger  units  till  the  full  plant-size  unit  was  reached.  Finally, 
these  full'sizcd  units  were  operated  for  over  a  year  under  most 
widely  varying  conditions,  until  we  knew,  not  only  the  most 
favorable  methods  of  operation  and  treatment  on  a  large  scale, 
but  also  the  proper  materials  of  construction,  the  shape,  size. 
tyiK-,  and  life  of  e(|tiipment,  the  allowable  limits  of  control, 
the  prnixT  specifications  for  a  marketable  riecolorizing  carbon, 
and  the  proper  treatment  to  meet  these  specifications.  Not 
until  then  was  a  plant  finally  designed  and  constructed. 

You  recognize  the  method:  a  persistent  study  of  all  factors 
at  each  step  in  increasing  the  si/e  of  the  operation,  from  the  small- 


est laboratory  trials  to  the  completed  plant.  It  is  slow,  but  is  a 
very  sure  way  to  success.  In  this  case  the  time  was  five  years 
from  the  original  discarded  impractical  process  to  the  full-sized 
plant,  but  to-day  a  plant  of  over  20  tons  per  day  capacity  is  in 
operation  making  the  decolorizing  carbon  which  you  know  as 
Darco.  This  is  all  that  the  American  industries  are  educated 
to  using  to-day.  As  their  education  improves,  they  will  use  more, 
and  more  plants  will  be  built.  This  is,  in  brief,  the  history  of 
Darco  decolorizing  carbon  from  a  process  which  contained  no 
single  correct  idea  to  much  the  largest  industry  of  its  kind  in 
America. 

Cracking  Heavy  Petroleum  Products 

The  second  problem  of  cracking  heavy  petroleum  products 
came  to  me  over  four  years  ago.  This  was  also  a  process  that 
had  i)assed  the  laboratory  stage,  if  it  ever  had  one,  and  was 
already  on  a  semiplant  scale  when  I  first  saw  it.  We  succeeded 
in  getting  it  to  operate  very,  very  feebly,  so  feebly  that  one  had 
to  look  twice  to  be  sure  it  was  going,  but  it  seemed  to  me,  after 
considerable  study,  to  have  a  basic  idea  that  was  right  and  was 
possible  of  commercial  development.  Having  determined  this, 
the  next  step  was  to  scrap  the  semicommercial  plant  and  put  the 
operation  back  into  the  laboratory  to  study  fundamentals  of 
pressure,  temperature,  time,  character  of  materials,  etc.,  which 
should  have  been  done  in  the  first  place.  From  there  on  its  course 
was  the  same  as  the  decolorizing  carbon.  Having  learned  the 
respective  importance  of  various  factors,  it  proceeded  step  by 
step  through  the  semicommercial-sized  unit  capable  of  handling 
50  or  60  bbls.  per  day.  To-day  it  is  just  going  into  the  last 
stage  of  a  full-sized  unit,  and  is  still  probably  a  year  from  the 
design  and  construction  of  a  full-sized  plant.  This  is  the  method 
of  cr^jcking  oils  by  using  a  submerged  carbon  electrode.  It  has 
already  been  over  four  years  since  the  process  with  a  right  idea 
in  it  lirst  came  to  me  for  investigation,  and  in  about  another  year 
it  should  1»  in  successful  commercial  operation. 
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You  recognize  the  same  method  as  before:  A  slow  and  steady 
trip  through  the  laboratory  and  semicommcreial  plants,  through 
full-sized  units  to  the  finished  industry.  Five  years  in  each  case. 
Very  slow  but  very  sure. 

Now  there  are  many  operations  that  go  from  an  idea  to  plant 
practice  in  much  less  time,  but  when  it  comes  to  building  a  new 
industry  or  an  industry  on  a  new  idea  it  pays  to  go  slow  and  be 
thorough  and  count  the  time  by  years — not  by  days. 

This  slow  progress  is  usually  very  aggravating  to  the  inventors 
and  to  the  people  furnishing  the  money,  but  I  believe  it  is  our  duty 
who  are  directing  such  operations  to  prepare  their  minds  for  the 
long  wait,  to  keep  up  their  interest  by  intelligent  statements  of 
progress,  not  to  allow  ourselves  to  be  hurried  in  any  case  where 
results  may  be  prejudiced,  and  to  make  them  stick  to  the  end. 
If  the  people  who  intend  to  start  such  industries  have  not  both 
the  money  and  the  patience  to  stay  by  them  to  the  finish,  we 
chemists  should  discourage  them  from  ever  starting. 

Manufacture  op  Potash 

The  third  problem  was  the  manufacture  of  potash.  This  came 
to  me  something  over  three  years  ago  as  a  going  plant  which  was 
using  one  process  and  had  a  dozen  more  that  had  been  suggested 
or  partially  tried  out.  But,  unfortunately,  the  process  was'  not 
turning  out  very  pure  or  high-grade  potash,  and  the  plant  was 
losing  money  every  day.  After  some  study,  it  seemed  to  me 
that  there  was  a  fair  chance  of  making  an  industry  here,  by 
follow-ing  the  only  method  I  know — that  is,  first  study  the 
fundamentals  in  the  laboratory.  A  second  problem  in  this 
case  was  by  proper  engineering  and  management  to  make  the 
existing  plant  operate,  if  possible — but  we  are  not  concerned 
with  that  to-day.  Our  problem  here  is  to  approach  through  the 
research  side.  • 

Now  these  three  problems  of  decolorizing  carbon,  cracking 
petroleum,  and  making  potash,  have  all  been  developed,  you  w'ill 
see,  along  exactly  the  same  lines,  and  through  the  same  method, 
probably  because  it  is  the  only  method  I  know  by  which  to  make 
a  new  chemical  industry  where  one  did  not  exist  before.  The 
three  problems  have  taken  a  large  part  of  my  time  and  attention 
for  three  or  four  years.  Two  of  them  are  now  industries  and  the 
third  is  nearly  there,  but  please  do  no  misunderstand  me.  I 
did  not  make  these  industries.  I  am  not  presenting  them  here 
as  things  that  /  have  done.  There  was  a  time  when  a  man  could 
know  all  science  that  was  known,  and  there  was  another  time 
when  a  man  could  know  all  chemistry  that  was  known,  and  there 
probably  was  a  time  when  one  man  could  make  an  industry.  But 
now,  "Them  days  is  gone  forever."  Making  an  industrj' to-day 
is  a  many-man  job.  It  requires  the  cooperation  of  many  minds 
of  different  types  and  training — the  research  man,  the  develop- 
ment man,  the  engineers,  the  plant  managers,  control  men, 
business  managers,  sales  managers,  financial  managers,  and 
money.  If  any  of  these  are  lacking,  the  industry  either  is  never 
bom  or  it  dies  in  early  infancy.  I  cannot  stress  this  point  too 
strongly,  because  I  so  often  meet  the  chemist  who  has  an  idea  or 
a  process  and  who  accordingly  thinks  that  he  has  a  whole  industry 
excepting  a  few  minor  details.  They  are  not  minor  details. 
Often  every  one  of  them  is  more  important  than  his  contribution 
of  an  idea  or  a  process. 

The  credit  for  making  industries  like  these  three  I  have  cited 
must  go  to  the  research,  development,  and  control  chemists, 
the  engineers,  managers,  business,  financial  and  sales  directors, 
and  the  lawyers,  who  actually  do  the  work.  An  ad\'iser  like 
myself  deserves  credit  for  only  three  things:  first,  for  the  vision 
to  see  that  an  industry  is  possible;  second,  for  the  common 
sense  to  see  the  logical  way  to  develop  it  and  to  get  the  right  men 
working  at  the  right  jobs;  and  third,  for  the  persistence,  some 
might  call  it  obstinancy,  that  keeps  him  sticking  firmly  and  un- 
waveringly to  his  course  and  makes  him  keep  everybody  else 
sticking  too.     He  is  often  a  nuisance,  but  is  necessary. 

To  come  back  to  our  potash  industry.     Then,  according  to 


formula,  the  first  job  was  to  throw  the  whole  problem  back  into 
the  laboratory  and  gather  some  fundamental  information  so 
that  we  could  know  what  we  were  doing  in  the  plant,  what  we 
could  do,  and  what  we  could  not  do.  This  should  all  have  been 
done  years  before,  but  never  had  been.' 

The  plant  now  has  a  capacity  of  100  tons  qf  potassium  chloride 
a  day  and  about  .50  tons  of  borax.  It  has  not  yet  quite  reached 
its  production  in  practice,  its  best  output  so  far  being  9.3  tons  of 
97  per  cent  potassium  chloride. 

It  may  seem  that  we  jumped  from  research  laboratory  to  plant 
practice  at  100  tons  per  day.  But  not  so.  In  some  cases  we  did 
actually  so  jump  because  the  plant  was  there,  was  going  in  bad 
shape,  and  if  the  jump  failed  no  serious  damage  was  done.  But 
I  do  not  recommend  building  a  plant  first  and  experimenting 
in  it  afterward.  It  is  altogether  too  expensive.  More  often  in 
my  hurried  sketch  I  have  simply  skipped  for  your  benefit  the 
intermediate   struggles. 

What  I  have  aimed  to  do  here  is  to  emphasize  what  I  believe 
is  the  only  safe  formula  for  developing  an  industry — the  slow 
method  of  fundamentals — and  to  show  you  how  this  has  worked 
out  in  the  potash  industry,  showing  you  only  the  first  steps  in  the 
research  lalx)ratory  and  the  last  step  in  the  plant. 

Now  before  I  leave  this  subject,  just  a  word  about  organiza- 
tion. This  plant  is  in  the  desert  with  no  civilization  near  it  except 
of  its  own  making.  The  company  owns  the  plant,  the  town,  the 
stores,  pipe  lines,  water  lines,  railroad,  and  its  part  of  the  lake. 
The  plant  manager  is  a  little  czar  from  whom  there  can  ordinarily 
be  no  appeal.  Sewage,  sanitation,  housing,  feeding,  schools, 
churches,  amusements,  health,  jealousy  among  wives  of  em- 
ployees and  small-town  scandals,  all  come  to  him  as  the  court  of 
last  resort.  Chemical  problems  probably  occupy  the  least  of 
his  time.  Still  I  tried  hard  to  find  a  chemically  trained  man  for 
the  position.  Of  the  many  men  I  considered,  some  I  thought 
would  not  do  for  lack  of  experience  or  from  improper  tempera- 
ment. Of  the  few  who,  I  thought,  might  do,  some  feared  to  take 
a  chance  on  the  outcome  of  the  proposition,  some  hesitated  to 
leave  present  fairly  satisfactory  positions,  some  did  not  want  to 
take  their  families  to  the  desert,  and  some  simply  did  not  have  the 
nerve  or  the  insides  to  tackle  the  job.  I  finally  quit  looking  for 
a  chemical  man  and  picked  a  mining  engineer  from  the  Michigan 
School  of  Mines,  not  for  his  training  but  for  his  sane  judgment 
and  executive  abiUty  developed  during  many  years  in  mining 
camps  in  charge  of  men.  Experience  cannot  be  acquired  in 
college  or  from  books.  It  must  be  earned.  I  think  we  are  mak- 
ing a  chemist  out  of  him.  For  plant  superintendent  the  same 
thing  can  be  said  regarding  the  type  of  man  wanted  and  failure 
to  find  him  among  chemical  men.  I  finally  took  a  mechanical 
engineer — a  Cornell  man  with  much  executive  experience.  For 
director  of  development  and  research  a  chemical  man  had  to  be 
found.  The  man  selected  is  a  Columbia  chemical  engineer. 
He  was  chosen  not  so  much  because  of  his  actual  research  ability 
but  on  accotmt  of  his  excellence  in  development  work  and  his 
executive  ability.  This  man  knows  the  technical  operation  of  the 
plant  better  than  any  of  us — a  man  who  can  at  any  time  take 
charge  of  the  plant  at  a  minute's  notice  and  run  it  for  weeks  or 
months. 

This  is  as  strictly  a  chemical  plant  as  there  is  in  America, 
having  no  other  production  than  two  chemicals.  It  may  seem 
strange  that  the  best  men  found  for  the  positions  in  a  chemical 
plant  should  be  a  mining  engineer  for  the  manager,  a  mechanical 
engineer  for  superintendent,  and  a  chemical  engineer  for  the  head 
of  the  research  department.  Yet  the  selections  have  been  happy 
ones,  and  the  results  indicate  how  much  more  important  person- 
ality and  experience  are  than  training  as  soon  as  a  man  steps 
outside  of  the  laboratory  or  has  control  in  any  way  of  other  men. 

'  At  this  point  the  author  introduced  lantern  slides  illustrating  the 
complexity  of  the  problems  encountered  and  the  data  incident  to  their 
solution.  This  material  will  appear  later  under  the  authorship  of  Mr. 
Harald  de  Ropp  and  Mr.  W.  E.  Burke,  who  did  the  work. 
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EIGHTH  NATIONAL  EXPOSITION 
OF  CHEMICAL  INDUSTRIES 


Disappointmont  at  the  fact  that  many  large,  strictly 
chemical  exhibitors  have  withdrawn  in  favor  of  more  and 
more  makers  of  machinery,  and  speculations  as  to  the  future 
of  the  Expo.sition,  following  a  well-defined  movement  for 
cooperative  management,  were  the  dominant  notes  in  ex- 
pressions of  opinion  from  visitors  at  tlie  Eighth  National 
Exposition  of  Chemical  Industries,  in  the  Cirand  Central 
Palace,  New  York,  during  the  week  of  September  11?  Some 
four  hundred  exhibitors,  largely  made  up  of  those  who  had 
something  to  sell  the  chemical  manufacturers,  retained  for 
the  Exposition  its  national  character,  but  the  absence  of 
many  of  the  chemical  e\hibit<irs  of  previous  years  was  felt 
by  many  to  have  partially  nullified  its  chemical  aspect. 
Meetings  of  societies  and  associations  in  the  chemical  field, 
as  well  as  an  intere.«ting  a.'^sortmcnt  of  addresses  and  moving 
pictures  dealing  with  related  subjects,  added  greatly  to  the 
interest  of  the  128, 37.5  visitors  in  attendance. 

The  absence  of  chemical  exhibitors  lent  weight  to  efforts 
to  revi.se  the  plan  of  the  Exposition  by  making  it  cooperative. 
Those  fostering  tliis  plan  believe  it  possible  to  bring  them 
into  an  exposition  so  operated,  and  have  taken  steps  to  hold 
a  competitive  exposition  next  year  on  this  basis.  Just 
what  tlie  outcome  will  be  is  difficult  to  surmise  at  present, 
but  imtiucstionably  there  are  a  great  many  supporters  for 
both  the  pre.sont  management  and  the  new  plan.  There 
are  also  many  exhibitors,  however,  who  incline  to  the  belief 
that  a  definite  break  resulting  in  two  expositions  will  render 
both  unprofitable  from  the  exhibitors'  point  of  view,  and 
these  are  planning  to  await  some  decision  of  this  [wint  be- 
fore taking  a  definite  stand  on  the  question.  Tiie  present 
management,  immediately  following  the  close  of  the  Expo- 
sition, stated  that  in  spite  of  the  division  the  number  of 
contracts  already  signed  for  space  with  them  for  next  year 
was  fully  equal  to  that  of  previous  years. 

The  exhibits  were  well  arranged  and  very  few  failed  to 
show  progress  in  their  lines  since  the  previous  Exposition. 
Interest  bfith  for  technical  visitors  and  for  those  not  ac- 
quainted with  the  details  of  the  industry  was  held  to  the  full- 
est extent.  Great  credit  is  due  tho.se  who  arranged  exhiliits 
for  the  generally  ta-i^teful  a7)i)earanre  of  the  Exposition. 

The  d<K>rs  of  the  Ex|xisition  were  ()i>cned  at  two  o'clock. 
Scptembf-r  11,  by  Dr.  Chas.  11.  Herty,  president  of  the  Syn- 
thetic Organic  Chemical  Manufacturers  Association,  and  as 
chairman  of  the  Ex|)ositi<m  Cmnmittee  he  i)resided  at  the 
official  opening  meeting  at  eight  o'clock.  Wide  interest 
attnchetl  to  the  addre.-.s  of  Wayne  B.  Wheeler,  counsel  for 
the  Anti-Saloon  Ix-ague,  on  the  'Attitude  of  the  Anti- 
Sal«K.ii  Ix-ague  toward  Industrial  Alcohol."  Other  speakers 
Ht  this  session  were  the  Hon.  J.  M.  Wainwright,  Acting 
Srp-lary  of  War,  Miss  Lida  HafTord,  of  the  General  Feder- 
ation of  Women's  Clulw.  and  Frank  H.  Riddle,  president 
of  thf  .Vmerican  C'eramif  S<iciety. 

The  Synthetic  Organic  Chemical  Manufacturers  Associ- 
ation <.f  the  IJniti-d  SfatAs  met  on  Tuesday  afternoon.  The 
meeting  in  the  conference  room  on  Tuesday  evening  was 
8ddrc,-.-..-<l  by  S«'nalor  Ran.-xlell,  of  Ix>uisiana,  and  Brigadier 
General  Amos  A.  Frie-;,  of  the  Chemical  Warfare  Service. 
The  .second  annual  baiii|iif>t  of  the  Salesmen's  As,sociatir)n 
of  the  American  Chcmicil  Industry,  held  Tuesday  evening, 
wa.s  addres8c<J  by  Herl>ert  Mo<i\.t.  Secretary  of  Commerce, 
and  by  Francis  H.  SLh-mmi,  of  il,,.  ( luaranty  Triist  Comp.nny. 


Wednesday  was  designated  as  Pulp  and  Paper  Day,  and 
was  notable  for  the  session  of  the  Technical  Association  of 
tiie  Pulp  and  Paper  Industry,  at  which  representatives 
of  various  exhibitors  detailed  the  application  of  their  products 
to  the  pulp  and  i)aper  indu.stry. 

Thursday  was  de\oted  to  the  meeting  of  the  Technical 
Photographic  and  Microscopical  Society,  at  which  the  ap- 
plication of  photography  to  technical  purposes  formed  the 
general  subject  of  a  number  of  informative  papers. 

The  American  Ceramic  Society  met  on  Friday  afternoon, 
and  the  New  York  Section  of  the  Ajnerican  Chemical 
Society  fostered  a  program  on  Friday  evening  wliich  was 
devoted  to  standardization  in  the  chemical  industry.  Notable 
among  the  speakers  at  this  meeting  was  William  A. 
Diirgin,  of  the  Dcjiartment  of  Commerce,  who  outlined  the 
accomplishments  of  the  department  in  the  matter  of  stand- 
ardization in  a  wide  variety  of  products  and  industries  in 
which  it  has  been  interested;  and  Ross  C.  Purdy,  secretary 
of  the  American  Ceramic  Society,  who  pointed  out  the 
\irtual  impossibility  of  standardizing  refractories  on  account 
of  the  wide  variety  of  uses  to  which  they  are  put. 

On  Saturday  e\'ening,  September  16,  at  a  meeting  of  the 
men  who  went  to  Washington  on  August  16  to  urge  the 
dye  embargo,  it  was  decided  to  continue  for  the  time  being 
as  a  loosely  knit  organization,  and  to  request  each  plant 
in  the  sjTithetic  organic  field  to  appoint  a  representative 
to  keep  in  touch  with  Mr.  Pastene,  who  wiU  maintain 
touch  with  the  Synthetic  Organic  Chemical  Manufacturers 
Association,  in  order  that  the  chemists  in  these  plants  shall 
be  kei)t  informed  of  conditions  in  their  industry  and  be 
ready  to  act  on  occasion.  The  suggestion  was  also  made 
that  the  American  Chemical  Society  be  asked  to  appoint, 
through  its  local  sections,  men  whose  duty  it  shall  be  to 
interview  and  inform  each  newly  elected  congressman  from 
that  particular  territory  of  the  needs  and  extent  of  the 
chemical  industry  within  his  district. 

Throughout  the  week,  moving  pictures  dealing  with  a 
wide  \ariety  of  subjects  interesting  to  visitors  were  shown 
in  a  room  especially  [irovided  for  the  purpose. 

But  to  return  to  the  exhibits.  Probably  the  most  striking 
feature  of  these  was  the  absence  of  four  of  the  five  companies, 
forming  the  Allied  Chemical  &  Dye  Corporation,  whose 
very  picturesque  liooths  were  the  outstanding  feature  of 
hist  year's  show.  The  Barrett  Company,  occupying  a 
comparatively  small  and  inconspicuous  booth,  was  the  sole 
representative  of  this  group.  The  du  Pont  companies 
were  nowhere  represented,  e\cii  by  chairs  as  last  year.  The 
Dow  Chemical  Company  and  the  Sherwin-Williams  Company 
failed  to  exhil)it.  These  were  conspicuous  among  the  ab- 
sentees. 

As  last  year,  the  glass  blower  at  the  Corning  Glass  Com- 
pany booth  was  a  center  of  attraction.  This  year  he  was 
riwiled  by  the  jjotter  at  his  wheel  in  the  General  Ceramics 
Comjiany  display  on  the  ground  floor,  who  got  at  the  visitors 
first. 

The  zinc  and  copper  companies  vied  with  each  other  in 
rlrawing  attention  to  the  superior  values  of  their  materials 
for  roofing,  but  at  the  close  of  the  show  no  decision  was 
reached. 

Of  the  dye  companies  only  two  had  exhibits  of  real  interest. 
B.'ichmeier  &  Company  had  some  remarkable  specimens  of 
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batik  work  and  artificial  flowers.  Zinsser  '&  Company 
presented  highly  decorative  specimens  of  alizarin  print 
goods  and  of  heavy  woolens  and  hat  blanks.  The  Newport 
Chemical  Works  went  no  farther  than  decorating  a"  booth 
in  bright  colors. 

For  the  first  time  the  U.  S.  Department  of  Commerce 
exhibited,  with  the  idea  of  drawing  attention  to  its  new 
chemical  division  and  its  services  to  the  industry.  The 
Bureau  of  Chemistry  and  the  Bureau  of  Mines  were  both 
represented. 

One  of  the  most  interesting  exhibits  in  the  entire  show 
was  that  of  the  Technical  Photographic  and  Microscopic 
Society,  sho'ning  the  application  of  photography — micro- 
scopic, color,  airjilane  and  motion  picture — to  technical 
operations.  The  airplane  map  of  the  City  of  New  York 
attracted  special  attention.  In  this  connection  the  display 
of  optical  instruments  by  the  Bausch  &  Lomb  Optical  Com- 
pany was  interesting. 

It  was  indeed  surprising  to  find  the  press  room  occupjTng 
double  booth  space  on  the  first  floor  as  it  was  to  find  the 
American  Chemical  Society  occupying  that  generally  con- 
sidered the  du  Pont  space. 

The  Exposition  was  well  advertised  in  New  York.  Even 
the  Fifth  Avenue  buses  carried  signs  bearing  the  legend, 
"Welcome  Chemists." 


A  Yale  Idea 


At  the  Six-th  Exposition,  the  Sheffield  Scientific  School 
of  Yale  University  initiated  an  experiment,  under  the  direc- 
tion of  Prof.  T.  B.  Johnson  and  in  the  immediate  charge 
of  Prof.  W.  T.  Read.    The  juniors  in  industrial  and  engineer- 


ing chemistry  were  taken  to  the  Exposition  to  spend  the  en- 
tire week,  attending  lectures  in  the  morning  and  devoting  the 
afternoons  to  \isits  at  the  various  booths  to  study  apparatus 
and  machinery  used  in  chemical  industry.  Upon  returning 
to  New  Haven  the  class  was  given  an  examination.  In  the 
opinion  of  the  Yale  authorities,  the  experiment  was  so  suc- 
cessful that  it  has  been  repeated  every  year  since  1920.  The 
students  have  gained  a  conception  of  the  construction  and 
operation  of  chemical  apparatus,  and  have  been  infinitely 
benefited  by  the  revelation  of  the  vast  scope  and  power  of 
the  chemical  industry.  The  inspiration  and  vision  obtained 
could  not  have  been  gained  in  any  other  way. 

The  success  of  this  plan  should  encourage  other  universities 
and  technical  schools  to  make  the  most  of  the  opportunity 
which  the  Exposition  affords.  There  seems  to  be  no  reason 
why  small  groups  from  several  schools  should  not  combine 
in  pro\dding  a  very  desirable  audience,  before  which  the 
technologists  always  present  at  the  Exposition  could  appear 
and  discuss  in  some  detail  fundamentals  underhdng  the  con- 
struction of  various  tj-pes  of  apparatus  to  be  found  in  the 
booths.  As  Professor  Read  has  suggested,  headquarters 
could  be  established  in  a  booth  devoted  to  ■I'isiting  university 
and  college  students,  where  catalogs  and  trade  literature, 
mounted  photographs  and  drawings,  lantern  slides  and  mo- 
tion picture  films,  would  be  found  filed  under  proper  classi- 
fications so  as  to  be  easUy  accessible.  The  various  exliibits 
themselves  could  be  cross-indexed  in  such  a  way  that  students 
might  readily  find  the  things  they  need  to  see  and  examine. 

A  wise  choice  of  experts,  whose  principal  object  was  in- 
struction rather  than  sales  talk,  would  give  these  students 
a  corps  of  teachers — authorities  in  their  special  subjects — 
which  could  not  be  equaled. 
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Conference  on  Standardization  of  Biological 
Stains 

A  conference  on  the  standardization  of  biological  stains, 
at  which  H.  J.  Conn  presided,  was  held  at  the  Chemists'  Club, 
New  York  City,  September  16,  1922.  The  objects  of  the  con- 
ference were  to  arrive  at  some  program  whereby  the  user,  the 
manufacturer  and  dealer  may  be  benefited.  It  was  the  sense 
of  the  committee  that  the  user  should  know  when  he  purchased 
a  stain  that  it  was  reliable  and  for  what  purposes,  and  that  the 
stain  business  be  put  on  a  more  economical  basis,  the  committee's 
ability  to  test  stains  be  placed  more  directly  at  the  service  of  the 
manufacturer,  and  that  plans  be  formulated  for  educating  the 
users  as  to  the  excellence  of  American  stains  and  the  public 
as  to  the  importance  of  this  line  of  business. 

The  following  resolutions  were  adopted: 

(1)  That  those  present  lend  their  support  to  the  continuance 
of  the  work  of  the  present  committee  on  standardization. 

(2)  That,  should  it  be  found  that  the  National  Research 
Council  dix's  not  see  its  way  clear  to  continue  its  support,  it 
be  recommended  that  the  committee  take  such  independent 
action  as  is  necessary  to  carry  on  its  work  of  standardization 
and  control. 

It  was  further  recommended,  but  without  a  record  vote: 


(1)  That  a  list  of  dyes  needed  for  biological  purposes  with 
their  Schultz  numbers  be  prepared  and  that  the  approximate 
quantities  of  each  sold  be  sent  to  the  committee  with  a  view  to 
limiting  productive  effort  to  necessary  ones  only. 

(2)  That  the  list  of  dyes  chosen  as  necessary  be  published  and 
that  standard  labels  be  used  on  packages  in  which  these  dyes 
are  sold. 

(3)  That  these  standard  labels  be  given  proper  publicity  by 
publication. 

(4)  That  the  American  Society  of  Bacteriologists  arrange 
for  the  certification  and  standardization  of  such  dyes  and  that 
they  charge  a  fee  for  such  certification. 


More  than  'JO  were  present  at  the  dinner  of  the  -\merican  In- 
stitute of  Chemical  Engineers  at  the  Pennsylvania  Hotel  on 
September  14.  It  was  announced  that  the  Institute  now  has 
550  members  and  15  applications.  As  compared  with  a  S700 
balance  in  the  treasury  a  year  ago,  there  is  now  S21(X)  on  hand, 
and  there  are  no  outstanding  bills.  David  Wesson,  H.  C.  Par- 
malee,  H.  C.  V.  Dorr,  and  Maximilian  Toch,  spoke  during  the 
meeting,  and  a  committee,  composed  of  David  Wesson,  G.  W. 
Thompson,  and  R.  F.  Bacon,  was  appointed  to  consider  the 
repeal  of  the  New  "V'ork  law  governing  the  registration  of  chem- 
ical engineers. 

Richmond,  Va.,  will  be  the  place  of  the  December  meeting, 
the  tentative  dates  being  December  11,  12,  and  13. 


Progress  in   Inorganic  Electrochemistry 


Massachusbtts  I^ 


By  W.  G.  Horsch 


Tech.S'oi-ogv,   Ca 


IN  REVIEWING  recent  progre.'i.s  in 
inorganic  electrochemistry,  it  seems 
desinil)le  to  include  as  many  topics 
as  po.-wible,  toiichinR  on  each  one  briefly. 
and  indicating  where  further  inforinatidii 
may  be  found. 

The  subject  of  metal  recovery  will  be 
first  considered.  Of  considerable  interest 
is  the  wcll-\vorked-out  Ashcroft  proces.-; 
for  the  electrolytic  decomposition  of 
anhydrous  niagnesiuin  cliloridc  employed 
by  the  Magnesium  Company  of  Wolver- 
hampton, England,'  magnesium  being  first 
recovered  as  an  alloy  witli  lead,  which  is 
substtiuenfly  refined  electrolytically. 
Other  methods  of  magnesium  recovery 
have  lieen  patented  by  Seward'  using  a 
fused  fluoride  bath,  and  by  Ingeberg.'  Its 
rccoverj'  from  .salt-works  residue  has  also 

been  investigated.'    A  brief  review  of  mag-  w.  g.  iiohsch 

ncflium  recovery  proces.scs  is  given  by 
Vickcrs.'  Electrolytic  zinc  apparently  luis  become  a  perma- 
nent industry  both  in  Unite<I  States  and  abroad,  according 
to  Ingalls,*  although  it  is  dependent  upon  large-scale  pro- 
duction. It  is  advocated  as  an  economic  proposition  in 
Great  Hrilain."  Only  a  few  of  the  many  references  can 
l)e  given.     L«w  c<ibalt  content  of  the  electrolyte  is  impor- 

'  EltilrUian  (Loadoni.  M  (1922),  90. 

•  ir.  S    I'atcnU  1.408.141-2. 
'0«r.  Patent  319,530  M'.MTI 

•  iiosmton.  I^nfirorfi  and  Hick..  This  Jouknau.  14  (1922),  146. 
>  Brtts  World ,  It  (1920),  330. 

•  Tram.  Am.  Bllltrxhtm.  Soc..  40  (1921),  165. 
'  Field,  Tram.  Faraday  Soc.,  IT,  II  (1922),  400. 


tant.'  One  part  antimony  in  two  million 
causes  trouble.'  Several  interesting  descrip- 
tions of  plants  have  been  published :  Trail, 
B.  C,  with  a  daily  capacity  of  75  tons;'" 
Judge  Electrolytic  Zinc  Plant;"  and  Ana- 
conda.'^  Cadmium  is  recovered  from  the 
bag-house  condensation  product  of  copper 
and  lead  furnaces,  the  electrolyte  being  a 
pure  sulfuric  acid  leach."  Excellent  re- 
sults are  claimed  for  a  new  cell  for  produc- 
ing metallic  calcium.'''  Recent  patents 
cover  the  electrolytic  production  of  sodium 
from  fused  sodium  chloride'^  and  from 
.sodium  carbonate  in  a  fused  mixture  with 
sodium  chloride."  Difficulties  due  to  the 
high  vapor  pressure  of  sodium  caused  the 
failure  of  early  attempts  to  use  sodium 
chloride.  Electrolysis  of  fused  boric  acid, 
rendered  conductive  by  adding  borax, 
yields  boron,  a  useful  metallurgical  reduc- 
ing agent."  Patents  continue  to  be  issued 
covering  processes  for  the  electrolytic  detinning  of  scrap." 
Cerium  and  "misch-metal,"  obtained  by  electrolyzing  residues 

•  Itrit.  Patcot  126,296  (1919);  Clcvcnger,  U.  S.  Patent  1,283,077. 

•  Hansen,  Mining  Met.,  157,  Sec.  12  (1920),  21. 
|»  (hem.  Mel.  Ens.,  23  (1920),  227. 
"  Ik-ilcea,  Eng.  Mining  J.,  110  (1920),  1118. 
1'  l.uist,  el  at..  Trans.  Am.  Insl.  Mining  En«.,  1920,   1028:  Chem.  Mel. 

Eng..  25  (1921),  754. 

'■  lUnley,  Chem.  Mel.  Eng.,  IS  (1920),  1257. 

"  Hrace,  Trans.  Am.  Eleclrochem.  Soc,  SI  (1920),  465. 

"  Weaver,   U    S.   Patent  1,323,936. 

"  Smith  and  Veaiey,  U.  S.  Patent  1,334,179. 

"  Constant  and  Raisin,  Brit.  Patent  162,252. 

••  nrit.  Patents  122,618.  154,242,  and  170,861. 
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from  the  gas  mantle  industry,  alloyed  with  iron,  produce  the 
pyrophoric  alloy  used  in  gas  lishters."  Other  metals  that 
may  be  deposited  electrolytically  are  chromium, -"  molyl)- 
dcnum"'  and  tungsten,^-  the  last  mentioned  being  a  purifica- 
tion process  at  1300°  C.  The  electrolytic  recovery  of  iron 
fi-om  the  slime  iiroduced  by  treating  iron  compounds  with 
caustic  alkali  has  been  proposed,-'  also  its  recovery  from  waste 
liquors  from  the  reduction  of  aromatic  nitro  compounds,-* 
the  principal  justification  lieing  processes  demanding  a  very 
[Hire  grade  of  iron. 

Refining,  plating,  and  electrotyping — processes  carried  out 
similarly  but  ditTering  in  jiurpose — will  next  be  considered. 
The  refining  of  tin  was  begun  at  Perth  Amboy  in  lOlfi," 
using  a  fluosilicatc  solution  later  given  up  in  favor  of  sulfate. 
A  modified  fluosilicate  solution  was  recently  patented  bj' 
Mathers.-'^  Newinan-'  describes  a  process  in  which  sodium 
sulfide  solution  is  used.  Nickel  also  may  be  refined  electro- 
Ij'tically.-' 

Electroplating  is  gradually  tjcing  removed  from  a  rule-of- 
thumb  to  a  scientific  basis.  In  the  deposition  of  nickel,  Blum-" 
has  shown  that  deposits  of  finer  structure  and  higher  tensile 
strength  are  obtained  from  fluoride  solutions  than  from  the 
corresponding  chloride  solutions.  Madsen'"  achieves  a 
similar  result  bj'  alternately  raising  and  lowering  the  cathode. 
Mazuir'i  gives  a  method  for  nickel-plating  aluminium. 
Dense  adherent  deposits  of  tin  are  obtained  from  stannous 
sulfate  solutions  containing  gelatin.'-  Pyrophosphate  baths 
also  are  recommended.''  A  novel  use  for  copper  is  the  plat- 
ing of  wooden  airplane  propellers.'*  Considerable  attention 
has  been  given  lately  to  zinc  plating,  which  affords  better 
protection  than  dip  galvanizing.'^  Cadmium,  plated  on  iron, 
successfully  resists  rusting."^  Building  up  the  worn  parts  of 
machinerj'  by  electro-deposited  iron  has  been  found  prac- 
ticable." Electroljrtic  iron  has  been  extensively  investigated 
by  Hughes;'*  commercial  plant  design  by  McMahon." 

In  the  field  of  electrotyping,  an  innovation  developed 
by  the  Bureau  of  Standards  is  the  substitution  for  wax  of 
negatives  made  by  alternately  deposited  layers  of  nickel  and 
copper.*" 

Electrohiically  formed  alloys  which  have  been  developed 
recently  are  tin-lead"  and  calcium-barium-lead.*'-  The 
science  of  brass  deposition  has  been  extended." 

In  the  field  of  electrochemical  production  of  chemical  com- 
pounds many  processes  have  been  developed.     Some  of  the 

«  Hirsch,  Trans.  Am.  Eieclrochem.  Soc,  37  (1920).  See  also  Brass 
norld,  16  (1920),  89. 

!» Sargent,  Trans.  .\m.  Eieclrochem.  Soc.,  37  (1920);  Liebreich,  Brit. 
Patent  164.731  (1921). 

"  Forland,  U.  S.  Patent  1,305,350. 

=:  Keyes,  U.  S.  Patent  1,293.117. 

"  EsteUe,  Can.  Patent  188.462  (1919). 

'■<  Kitsee,  U.  S.  Patent  1,298.513. 

»  Trans.  .4m.  Eieclrochem.  Soc.  38  (1920),  163. 

»  U.  S.  Patent  1.397,222  (1921). 

"  Z.  Eleklrochem..  27  (1921),  256. 

»  Guess.  Trans.  Am.  Eieclrochem.  Soc.  35  (1919). 

N  Trans.  Am.  Eieclrochem.  Soc,  39  (1921).  227. 

"Ibid.,  39  (1921),  269. 

'■  Ann.  chim.  anal.  chim.  appl.,  %  (1920),  335;  C.  .4.,  15  (1921),  989. 

'•■  Schlotter,  Brit.  Patent  148,334  (1920). 

"  Lotterman,  Z.  Eleklrochem.,  %1  (1922).  573. 

"  Merritt,  U.  S.  Patent  1.335,846. 

ss  Wemlund,  Trans.  Am.  Eieclrochem.  Soc,  40  (1921),  345;  Horsch  and 
Fuwa,  Jbid.,  41  (1922),  211. 

M  Knox,  Melallnd.,  18  (1920),  556. 

"  MacFadyen,  Engineering,  108  (1919),  827. 

'8  Trans.  Am.  Eieclrochem.  Soc.  40  (1921);  Eiectrician,  86  (1921).  712; 
Chem.  Met.  Eng..  26  (1922),  267. 

»  Chem.  Mel.  Eng..  26  (1922),  639. 

«  Blum,  Trans.  Am.  Eieclrochem.  Soc,  40  (1921),  137. 

>'  Blum,  Ibid.,  40  (1921).  147. 

«  Cowan,  el  al.,  Chem.  Mel.  Eng.,  IS  (1921),  1181. 

"  Ferguson  and  Sturdevant,  Trans.  Am.  Eieclrochem.  Soc,  38  il920).  87. 


following  cannot  be  produccil  economically  under  present 
market  coiulitions,  while  others  are  being  actively  produced 
on  a  commercial  .scale.  Anhydrous  aluminium  chloride," 
arsenate  of  lead,"  chromic  acid,**  ferricyanidc,*'  hydrogen 
peroxide,"  perborates,"  perchlorates;"  perchloric  acid  by 
oxidation  of  hydrochloric  acid,"  permanganate.'^ 

Patents  arc  con.stantly  being  granted  for  improvements  in 
the  alkali-chlorine  industry.  These  relate  mostly  to  the 
structural  features  of  cells  and  diaphragms.  A  proces.s  for 
recovering  bromine  from  natural  brine  has  lieen  developed." 
The  electrolysis  of  fused  pota.ssium  acid  fluoride  is  said  to  be 
the  best  and  simplest  method  knowTi  for  preparing  fluorine.'* 
Electrolytic  hydrogen  and  oxygen  likewise  form  a  large  part 
of  the  patent  literature.  Stimulated  by  the  commercial 
demand,  highly  practical  cells  have  been  produced." 

The  phenomenon  of  cataphoresis  has  been  applied  to  the 
purification  of  clays,  to  ore  concentration,  and  to  the  prepara- 
tion of  siUca  gels  from  sodium  silicate." 

Progress  has  been  made  in  the  production  of  "insoluble" 
anodes." 

Improvements  in  primary  and  secondary  cells  are  numerous, 
but  not  very  striking.  A  few  instances  only  will  be  cited.  In 
the  indispensable  drj-  cell,  the  use  of  porous  carbon  as  a  de- 
polarizer hiis  been  described."  The  old  problem  of  the  fuel 
cell  is  still  being  studied.  A  number  of  cells  were  tested  at 
temperatures  near  800°  by  Bauer."  The  combustible 
materials  in  the  various  types  were  coke  dust,  carbon  rods, 
hydrogen,  and  illuminating  gas.  They  are  said  to  possess 
commercial  possil)ilities.  Attempts  have  been  made  to  re- 
duce nitrogen  cathodically  to  ammonia.'"  The  electrolytic 
fixation  of  nitrogen  as  nitric  oxide  has  been  patented."  A 
recent  development  in  secondarj-  cells  is  a  verj'  thin  plate 
battery  giving  much  longer  life  and  greater  output  per  unit 
weight.'^  The  theory  of  the  lead  cell  has  been  further  in- 
vestigated." 

In  conclusion  it  may  be  stated  that  whereas  electrolysis 
was  originally  confined  chiefly  to  electroplating  and  later 
extended  to  refining,  it  is  now  taking  an  increasingly  im- 
portant place  in  the  recovery  of  metals.  As  a  means  of 
producing  chemical  compounds,  it  is  often  useful  but  the 
efficiency  in  many  cases  is  low.  The  electrochemist  needs 
improved  diaphragms  and  unattackable  anodes  which  will 
withstand  severe  conditions.  The  development  of  processes 
in  such  a  manner  as  to  utilize  off-peak  power"'*  offers  many 
interesting  possibQities.  The  working  out  of  an  electrolytic 
process  for  iron,  using  iron  ore  as  a  starting  point,  would 
be  valuable  to  those  localities  where  iron  ore  and  cheap  power 
are  available.    The  possibilities  for  research  are  extensive. 

"  U.  S.  Patent  1,343,662. 

«  Tartar  and  Grant,  This  Journai..  14  (1922),  311. 

«  McKee  and  Leo,  Ibid.,  12  (1920),  16. 

"  Brown,  Henke  and  Miller,  /.  Phys.  Chem.,  24  (1920).  230. 

«  Skirrow  and  Stein,  Trans.  Am.  Eieclrochem.  Soc,  38  (1920),  209. 

«  AUgaard.  Ibid.,  40  (1921),  173. 

soWiUiams,   Engineering.    108    (1919).   827;   Knibbs   and    Palfreeman. 
Trans.  Faraday  Soc.  June  1920. 

"  Goodwin  and  Walker,  Chem.  Mel.  Eng..  26  (1921).  1093. 

"  Chem.  Mel.  Eng..   21    (1919).  680;    This  Jodrnal.  IS  (1921).   763; 
U.  S.  Patent  1,377,485. 

SJ  Dow,  U.  S.  Patent  1.376,610. 

"  Argo,  Trans.  Am.  Eieclrochem.  Soc.  36  (1919).  355;  Meyer  and  San- 
dow,  B.T.,64  (1921),  759. 

»s  Barnitz,  Chem.  Mel.  Eng..  22  (1920),  201. 

s«  Ormandy.  Chem.  Age  (.London),  3  (1920),  475. 

"  Fink  and  Eldridge,  Trans.  Am.  Eieclrochem.  Soc,  40  (1921),  335. 

^^Compl.  rend,  172  (1921),  317, 
*     »  Z.  Eleklrochem..  27  (1921).  199;  C.  .4..  16  (1922),  206. 

«o  Tiede.  Z.  Eleklrochem..  37  (1921).  112. 

•1  V.  S.  Patent  1,376,207. 

'•■  Hazlett,  Trans.  Am.  Eieclrochem.  .Soc.  39  (1921),  89. 

"  Maclnnes.  Jbid..  37  (1920).  383. 

••  Benson,  Chem.  Mel.  Eng..  26  (1921),  1004. 
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Progress  in  Organic  Electrochemistry 

By  E.  K.  Strachan 
Laboratory  op  Physical  Chemistry,  Brown  University,  PROv^I>ENCB,  R.  I. 


THE  ELECTROCHEMICAL  manufacturers  of  this 
country  have  not,  as  a  rule,  been  interested  in  organic 
chemicals,  except  as  an  outlet  for  some  of  their  by- 
products, chief  of  which  have  been  chlorine  and  hydrogen. 
The  manufacture  of  monoclilorobenzene  has  reached  the 
proportions  of  a  real  industry,  and  the  pro- 
duction of  p-dichlorobenzene  has  been  stim- 
ulated by  the  discovery  of  its  insecticidal 
properties,  while  benzaldchyde  and  ben- 
zoic acid  have  cut  no  small  figure.  Ap- 
parently the  chlorination  of  acetylene  has 
never  been  carried  out  on  any  very  large 
scale.  The  manufacturers  of  organic 
chemicals  in  several  instances  have  turned 
to  electrochemical  methods  for  the  re- 
coverj-  of  spent  reagents,  particularly  the 
chromatc  used  for  oxidation  processes. 
More  than  one  fair-sized  factory  has 
been  established  on  this  bjtsis,  and  prom- 
ises to  survive  considerable  competition. 
However,  it  is  the  purpose  of  this  review 
to  set  forth  recent  progress  in  the  study  of 
those  processes  which  consist  of  reaction 
on  an  organic  material  in  the  electrolytic 
cell.  Very  few  such  are  in  operation  on  a 
factory  scale,  but  those  that  are  give 
promi.sc  of  consideraljle  commercial  suc- 
cess lx)th  for  materials  requiring  totmage  e.  k.  ; 
production,  and  for  the  manufacture  of 
small  quantities  of  fine  chemicals  of  high  purity.  But  on  the 
whole,  the  investigation  of  organic  electrochemical  metliods 
has  proceeded  but  little  beyond  the  laboratorj-  research  stage. 
During  the  period  when  acetic  acid  had  to  be  obtained  at 
any  cost  whatever,  thousands  of  tons  of  it  were  made  from 
calcium  carbide  through  acetylene  and  acetaldehyde.  This 
method  cannot  compete  with  wood  distillation  under  present 
economic  conditions,  particularly  a.s  the  makers  of  p>TO- 
iigncoua  acid  can  throw  the  burden  of  competition  on  their 
methanol.'  Nevertheless,  this  war-time  dcvcloijincnt  called 
attention  to  the  great  variety  of  organic  clipniicals  that  can 
be  pro<hiced  from  acetylene.'  These  include  aldehyde,  par- 
aldehyde, alcohol,  acetic  acid,  ethyl  acetate,  acetone,  ethylene, 
acetonitrile,  pyridine,  pjTrole,  thiophene,  mercaptan,  di- 
chlf>r<)ethane,  tetrachloroethane,  many  other  chloro  deriva- 
tives, cliloroacetic  acid,  crotonic  aldehyde,  pinacone,  isobutyl 
alcohol,  and  many  other  compounds.  The  sliifting  of  eco- 
nomic conditions  and  further  research  may  make  these  reac- 
tions of  considerable  comniercial  importjince:  power  may  be 
cheii|)er,  motor  fuel  will  undoubtedly  increase  in  price,  wood 
for  distillation  is  apt  to  lie  very  much  scarcer,  substitutes  or 
new  manufacturing  methods  may  eliminate  the  strategic  im- 
portance of  motlianol.  The  whole  group  of  materials  pre- 
senl.x  interesting  electrochemical  possibilities. 

Electrochemical  methods  were  applied  to  this  group  flrst 
for  the  recoverj-  of  tlie  sj)ent  mercurj'  catalyst  used  in  the 
hydration  of  acetylene.  Then  it  w.as  projxised  to  make  the 
process  continuous  by  conducting  the  hydration  of  the  acetyl- 
ene and  recovcrj-  of  the  mercury  simultaneously  in  an  elec- 


I  J  S<w  Chrm  Imd  .  40(1021) 
I  Chimtt  rl  i„Juilri,.  •  (lt21). 
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trolytic  cell  especially  devised  for  the  purpose.  Md  finally 
they  were  used  as  an  alternati\'e  to  continue  the  o.xidation  until 
the"  aldehyde  was  converted  to  acetic  acid.'  Other  investi- 
gations have  dealt  with  the  electrolytic  oxidation  of  aldehyde 
or  paraldehyde  to  aeid.^  Apparently  the  formation  of  acid 
is  accelerated  by  the  presence  of  salts  of 
Mn,  Ce,  Mo,  and  V,  substances  that  are 
known  to  catalyze  other  oxidation  reac- 
tions. The  acetic  acid  may  be  increased 
to  40  per  cent  before  it  is  reIno^•ed  from 
the  electrolyte  by  distillation.  Or,  if  equiv- 
alent alcohol  is  added  before  distillation, 
ethyl  acetate  is  produced.^  The  conversion 
of  acetic  acid  to  acetone  is  essentially  a 
thermal  process,  but  the  reduction  of  ace- 
tone to  pinacone  may  be  performed  elec- 
trolytically,^  and  has  received  more  or 
less  attention.  It  has  been  found  that 
the  ratio  of  pinacone  to  isopropyl  alcohol 
is  determined  by  the  electrode  material; 
with  electrodes  of  90  Pb  and  10  Sn,  the 
ratio  pinacone:  isopropyl  alcohol  is  10  :  1, 
while  with  graphite  electrodes  the  ratio  is 
6  or  7 : 1 .  Furthermore,  the  presence  of  salts 
of  Bi,  Kg,  Mn,  Ni,  Sb,  Ag,  and  Fe  tend  to 
reduce  the  proportion  of  isopropyl  alcohol. 
The  production  of  ethyl  alcohol  from 
^^cnuN  acetaldehyde    has    recei\-ed    considerable 

attention.'  It  ajipears  that  the  con- 
centration of  aldehyde  must  be  kept  low  during  the  process, 
never  exceeding  10  per  cent,  and  preferably  less,  to  avoid  the 
formation  of  aldehyde  condensation  products.  By  altering 
the  conditions  of  electrolysis,  e.  g.,  raising  the  temperature, 
or  increasing  the  aldehyde  concentration,  polymers  and  their 
reduction  products,  such  as  crotonic  aldehyde,  butane  -1,  3-, 
diol,  butyl  alcohol,  etc.,  may  be  formed  which  can  serve  as 
denaturants,  and  thus  a  denatured  alcohol  is  produced  di- 
rectly from  aldehyde." 

The   reduction   of   mixtures   of   aliphatic   aldehydes   and 

ketones  to  diols  is  described  in  Brit.  Patent  15C,14.5  (1920). 

It  is  interesting  to  note  that  in  the  complete  ab.sence  of 

air,  aldehyde  may  be  catalytically  reduced  to  ether,  although 

apparently  no  one  has  ever  done  this  electrolytically.' 

There  has  been  interesting  progress  in  the  reduction  of 
a),<^iba.sic  acids.'"    The  tj'pe  reaction 

2NaOOC  -  X  -  COOCjHi  =  2Na  -1-  2CO2  -f-  X  -  COOCjHs 

I 
X  -  COOCsHi 

in  which  X  =  CHj  has  been  repeated  until  a  Cis  acid  has  been 
prepared  from  sodium  ethyl  malonate.  The  next  step,  which 
would  result  in  the  formation  of  a  Cjiacid,  was  unsucc&ssful, 
probably  on  account  of  the  soapy  and  colloidal  character  of 

"  Hrit.  Patents  143.891  and  156,147  (1920). 
<  Hrit.  Patent  124,195  (1919). 

>  Hrit.  Patent  131,600  (1919).     For  ethyl  acetate  sec  also  Brit.  Patent 
140,11.-1  (1918). 

•  1).  R.  P.  324,920;    306,304;    324,919  (1917). 

'  n.  R.  P.  328,342;    Brit.  Patent  140,115  (1918). 

>  Mrit.  Patents  140,527  (1919);    140,115  (1918). 

•  Hrit.  Patent  l.M.US  (1920);    D.  R.  P.  317,.';89  (1918). 
'»  J.  Soc.  Chcm.  Ind.,  40  (1920),  169R. 
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the  products.  This  method  has  not  been  applied  to  aromatic 
compounds,  but  work  is  promised  in  the  near  future.  The 
same  type  of  reaction  has  been  proposed  as  a  starting  point 
for  the  synthesis  of  tropine  derivatives,  the  basic  substances 
of  the  atropine,  cocaine,  and  scopolamine  groups  of  alka- 
loids." It  affords  an  excellent  example  of  the  use  of  elec- 
trochemical methods  for  the  production  of  fine  chemicals,  a 
fiekl  of  manufacture  for  which  they  are  particularly  well 
adapteil.  The  potassium  ethyl  ester  of  acetone  dicarboxylic 
acid,  which  can  be  prepared  from  citric  acid,  is  reduced  elec- 
trolytieally  and  condenses  with  itself  to  succinyl  diacetic 
diethyl  ester.  The  latter  substance  can  be  condensed  with 
methyl  amine  to  form  iV-methyl  pyrrole  diacetic  diethyl  ester, 
wiiich  in  turn  can  be  transformed  to  tropinone. 


HiC— COOCiH,         H,C  — COOCiH, 


CO 

I  ■■ 

H,C— COOK 


CO 

I 
HjC 


HC  =  C— CHr-COOC.Hi 


HC  =  C— CHt— COOCiHi 


HjC— COOK       :      HiC  — 

I    : :  i 

CO  CO 

I  I 

HiC— COOC-H,        HiC— COOCiHi 

By  the  same  method,  the  potassium  ethyl  ester  of  azelaic 
acid 

KOOC— (CH,)t— COOCHs 
has  been  converted  to 

CHeOOC— (CHj),,— COOC2H, 

the  acid  of  which  proved  to  be  identical  with  the  thapsic  acid 
from  Juniper  berries.'^ 

The  work  of  Fichter  and  his  associates  deser\-es  especial 
attention.  They  have  investigated  the  oxidation  of  toluene  in 
considerable  detail,  and  find  that  it  proceeds  in  accordance 
with  the  following  diagram:'' 


CeHsCHj  -►  CeHsCH.OH  ' 

OH 
/\  / 

\/  ^ 

OH 


OH  OH 

■  CtHsCHO-^CeHeCH— Oi— CHCtHi 


^ 


U- 


r 


Ho\/  H0\/  H0\/ 

OH  OH 

If  the  various  reactioas  indicated  in  this  diagram  can  be  con- 
trolled it  suggests  interesting  possibilities  in  the  production  of 
fine  organic  chemicals. 

The  oxidation  of  dimethj'laniline  yields  tetramethylbenzi- 
dine,  which  is  interesting  in  \iew  of  the  fact  that  the  analogous 
reaction  ^\•ith  aniline,  in  which  the  amino  group  is  unprotected, 
has  never  been  observed  to  jield  benzidine."  The  yield  is 
poor,  owing  to  the  formation  of  CO2,  N,  CO,  and  CH2O,  the 
last  of  which  condenses  with  the  amine.  DiethylaniUne  on 
the  contrary  yields  ahuost  exclusively  tetraethylbenzidine. 

A  series  of  exploratory  studies'^  is  in  progress  in  the  same 
laboratory,  one  of  which"  shows  the  formation  of  p-amino- 
phenol  from  azobenzene.  The  electrolj'lic  oxidation  of 
azobenzene  jdelds  p,p-dihydroxy azobenzene,  and  about  twice 

"  D.  R.  p.  300,672  (1917). 

■:  Biochem.  Z.,  108  (1920),  73. 

■'  Fichter  and  Vhl.  Helvetica  Chim.  Acta.  3  (1920),  22. 

i<  Fichter  and  Rothenberger,  Ibid..  6  (1922),  166. 

"Fichter  and  Bonhdte,  Ibid..  3  (1920),  393;  Fichter,  Brindlin  and 
HaUauer,  Ibid.,  3  (1920),  410;  Fichter  and  Schmidt,  /fria.,  3  0920),  704; 
Fichter  and  Grissard,  Ibid.,  4  (1921),  92S. 

"  Fichter  and  Jaeck,  Ibid.,  4  (1921)  1000. 


as  much  tetrahydroxyazobenzene.  This  is  another  illu.s- 
tration  of  the  tendency  of  organic  compounds  to  oxidize  to  a 
greater  degree  than  is  desired.  Dihydroxyazobenzene  of 
course  reduces  readily  to  p-aniinojihenol. 

The  electroij'tic  o.\idation  of  naphthalene  apparently  is 
similar  to  that  of  benzene."  Just  as  tiie  oxidation  of  benzene 
does  not  stop  with  the  formation  of  phenol  or  hydroquinone, 
but  proceeds  to  quinone,  so  the  oxidation  of  naphthalene 
yields  naiihthoquinone  a.s  the  principal  product  with  traces 
of  a-naphthol,  some  1,4-dihydroxynaphthalene,  a  compound 
of  the  quinhydrone  type,  and  phthalic  acid. 

It  was  oijserved  sometime  ago  that,  when  formal  dehyde 
solution  is  electrolyzed,  equal  amounts  of  hydrogen  appear  at 
the  anode  and  cathode  for  a  while,  and  that  then  the  evo- 
lution at  the  anode  gradually  ceases.  The  explanation  of 
this  phenomenon  constitutes  a  valuable  contribution  to  the 
theory  of  oxidation  of  aldehydes."  The  investigator  found 
that  by  use  of  a  suitable  anode  constructed  of  copper  coil 
covered  with  molten  cuprous  chloride  and  reduced  electro- 
lytically  in  alkaline  solution  the  evolution  of  hydrogen  at  the 
anode  could  bo  made  continuous.  The  same  result  is  obtained 
with  a  similarly  constructed  silver  anode.  Moreover,  the 
electrolysis  of  both  acetaldehyde  and  benzaldehyde  exhibits 
the  same  phenomenon.  The  course  of  the  reaction  is  ex- 
plained by  the  following  scheme: 


2R  -C  +4  H' 
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The  catalytic  effect  of  the  electrode  causes  the  intermediate 
peroxide  to  decompose  by  Reaction  II  with  the  evolution  of 
hydrogen  gas  at  the  anode,  wliile  the  electroij'tic  oxidation 
proceeds  by  Reaction  I.  It  is  quite  interesting  to  compare 
this  wth  the  electroij'tic  oxidation  of  methj'l  and  ethyl  al- 
cohols which  jaeld,  respectively,   hj'drogen  and  methane." 

Some  interesting  facts  have  come  to  Ught  in  a  study  of 
the  effect  of  adding  various  salts  to  the  electrolj'te  to  decrease 
the  cathodic  reduction  during  the  electrolj'sis  of  chloride  to 
chlorate.-"  In  general  it  appears  that  the  effect  of  the  elec- 
trode depends  on  the  sj'stem  (electrode  material-hj'drogen- 
metal  deposited  from  the  added  salt).  Since  only  small 
amounts  of  salt  are  added — and  indeed  small  amounts  of  salt 
appear  to  be  more  effective  than  larger  ones — it  is  probable 
that  the  deposited  metal  does  not  entirely  cover  the  cathode 
but  merelj-  forms  a  network  on  it.  Copper  deposited  on  an 
iron  cathode  was  found  to  increase  reduction,  while  iron  de- 
posited on  a  copper  cathode  decreased  the  reduction  to  a  verj' 
small  figure.  This  is  strange,  since  a  plain  iron  cathode  re- 
duces much  more  chlorate  than  a  copper  one.  The  ex'plana- 
tion  perhaps  lies  in  the  capacity  of  electroij'tic  iron  to  occlude 
hj'drogen.  These  facts  should  be  suggestive  to  experimenters 
who  are  attempting  to  control  the  electrochemical  oxidation 
or  reduction  of  an  organic  material  by  selection  of  a  suitable 
electrode.    A  great  deal  more  work  of  this  sort  is  needed. 

The  electroij'tic  reduction  of  a  number  of  azo  dyes  led  the 
investigators  to  conclude  that  the  rupture  alwaj^s  took  place 
at  the  azo  double  bond.^'    A  suitable  small  electrolj^ic  cell 

"  J.  Chem.  Soc.  Japan.  42  (1921),  38;  J.  Chtm.  Soc,  120, 1  (1921),  334; 
/.  Chem.  Soc.  Japan,  42  (1921),  559;  /.  Chem.  Soc,  120,1  (1921),  726. 
«  Erich  Maier.  Ann  .  420  (1920).  241. 
"  Erich  Mailer  and  A.  Miro,  Z.  Eledrochem.,  27  (1921),  54. 
»  Schlotter,  Ibid.,  27  (1921),  394. 
"  Gosa.  chim.  Hal..  60  (1920).  149. 
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should  therefore  be  ver>-  u.seful  to  the  analyst  of  azo  dyes, 
since  it  would  enable  him  to  split  dyes  of  unknown  composi- 
tion into  their  components  without  the  addition  of  any 
foreiKii  material. 

Ficrz  and  Wiesscnbach'-  report  that  the  reduction  of  1,5- 
and  1 ,8-nitronaphthalenesulfonic  acids,  and  1,3,6,8-nitro- 
naphthalcnetrisulfonic  acid  proceeds  quite  satisfactorily  to  the 
corresponding  amines.  The  dye-makers  would  do  well  to 
consider  .seriously  the  use  of  this  method  of  reduction  in  the 
factorj',  since  it  has  much  to  commend  it  for  the  manufacture 
of  H-acid.  On  the  other  hand,  the  reduction  of  1,6-  and  1,7- 
nitronaphthalene  sulfonic  acids  produces  principally  the  cor- 
responding hydroxylamines,  which  rapidly  form  tarry  sub- 
stances, a  statement  that  sounds  quite  plausible  to  anyone 
who  ha.s  ever  made  Cleve  acid. 

A.  Ix)\\->'  report-s  the  results  of  a  study  of  the  electrolytic 
oxidation  of  leucomalachite  green." 

The  role  of  electrochemistry  in  the  dyeing  industry  has 
been  discussed  by  F.  Mollwo  Perkin.'* 

The  possibility  of  modifying  the  oxidizing  or  reducing 
power  of  an  electrode  by  altering  its  potential,  and  thus  ex- 
ercising control  over  the  products  of  electrolj'sis  was  empha- 
sized by  all  the  early  workers  in  this  field  who  were  apparently 
unaware  that  the  electrode  potential  is  not  easy  to  control, 
since  it  is  conditioned  by  the  acidity  or  alkalinity  of  the 
electrolyte,  and  that  this  in  turn  frequently  aflects  the  course 
of  the  reaction  more  powerfully  than  the  electrode  poten- 
tial does.  Furthermore,  specific  catalytic  action  of  the 
electrode  material  is  a  greater  factor  in  determining  the  prod- 
uct.s  of  electrolysis  than  over-voltage  is.  These  consider- 
ations, coui)led  with  the  practical  difficulty  of  producing  a 
reversible  electrode  of  organic  material,  have  resulted  in  a 
dearth  of  information  on  the  single  electrode  potentials  of 
organic  reactions.  Two  researches  have  been  published  re- 
cently on  this  .'subject,  one  establishing  the  i)otential  of  the 
hydroquinone-quinone  electrode"  and  the  other  the  oxidizing 
potential  of  several  anthraquinone-sulfonic  acids. *•  It  is 
disappointing  that  the  authors  of  the  latter  article  did  not 
exercise  that  care  in  establishing  the  identity  and  purity  of 
their  materials  for  which  their  laboratory  is  famous. 

No  strikingly  new  features  are  emb(xlied  in  recent  patents 
of  cells  for  the  electrolysis  of  organic  materials.  Several  call 
for  a  iK)rous  electrode  tiirough  which  the  organic  material  may 
be  forced.  Others  seek  to  eliminate  the  diaphragm  by  em- 
ploying difference  of  density  to  keep  the  anolyte  and  catholy  te 
apart,  or  depend  on  rotating  parts  and  centrifugal  force  or  an 
immi.si'ibic  solvent  for  this  purpose.  One  particularly  interest- 
ing l(H>king  device  allows  benzene  to  rise  through  the  electro- 
lyte to  the  anode,  above  which  it  collects  in  a  layer  and  is 
pum|ied  back  to  the  bottom  of  the  cell  again.  Circulation 
is  niaintained  until  the  desired  degree  of  oxidation  is  accom- 
plished." 

The  literature  on  the  electrochemistry  of  organic  materials 
gives  the  ca-sual  reader  a  .'cnse  of  a  great  deal  of  disorganized 
effort.  .Such  is  partly  the  ca.se,  but  in  this  field,  jis  in  many  of 
the  newer  fields  of  chemical  investigation,  a  great  many  ex- 
ploratorj"  experiments  must  be  performetl  before  investiga- 
tors can  define  and  limit  the  prolilcm  before  them.  Tlie 
exploratory  work  is  by  no  means  complete,  yet  out  of  the 
chaos  there  arise  a  few  guiding  generalizations.  These, 
coupled  with  tiic  knowledge  that  here  and  there  through  the 

"  llrtvfiica  Chim.  Ada.  I  (1920).  30fi. 

»  Tranj.  Am   Utilrockem.  Sm  .  IHl  (Preprint). 

"'  J.  ^o<    Dyrrs  Colour.,  M  (1020).  138. 

"  BiUmann.  Jim  cAim  .  11(1021).  100,  SOniiMn  and  Undcrstrom  Lang 
lUJ..  !•  (1020).   2tt3. 

"  ConanI,  Kahn,  Fics»r.  nncl  Kuril,  J  Am  Chrm  Soc..  M  (1022) 
1382. 

"  V.  S  Patent  1,322.580  (1910). 


countrj'  an  organic  reaction  is  being  conducted  electrolyt- 
ically  on  a  paying  commercial  scale,  lead  to  a  firm  optimism 
that  organic  electrochemistry  will  play  a  very  considerable 
part  in  the  establishment  of  America's  organic  chemical 
industry. 


Bibliography  of  the  Grignard  Reagent 

The  National  Research  Council  has  recently  issued,  as  Re- 
print and  Circular  Series  No.  24.  a  bibliography  of  the  Grig- 
nard reagent,  entitled  "Organomagnesium  Compounds  in  Syn- 
thetic Chemistry,"  by  Clarence  J.  West  and  Henry  Oilman. 
The  first  17  pages  comprise  a  brief  discussion  of  the  various 
types  of  reaction  in  which  the  Grignard  reagent  may  be  used. 
The  bibliography  proper  contains  about  1500  references  and  is 
arranged  alphabetically  by  author.  This  is  followed  by  a  sub- 
ject index  by  compounds,  which  contains  practically  all  the 
compounds  prepared  by  means  of  this  very  useful  reagent. 

Up  to  the  present  time,  interest  in  the  Grignard  reaction 
has  been  largely  scientific.  The  only  apparent  reason  for  this 
is  the  fact  that  the  reagent  has  been  considered  too  unstable 
for  plant  use.  Recent  studies  by  Gilman  indicate  that  the 
stability  is  greater  than  has  been  hitherto  supposed  and  this 
discovery  may  lead  to  a  more  extended  industrial  use.  The 
wide  variety  of  compounds  that  can  be  prepared  from  this  re- 
agent should  make  it  very  valuable  for  the  manufacture  of  re- 
search chemicals. 

Copies  of  this  work  may  be  obtained  from  the  Publication 
Division,  National  Research  Council,  1701  Massachusetts  Ave., 
Washington,  D.  C,  for  SI. 50. 


Chicago  Chemists  Urge  Embargo 

When  the  embargo  was  up  in  the  Senate,  fifteen  prominent 
members  of  the  Chicago  Section  of  the  American  Chemical 
Society  signed  the  following  resolution,  which  was  sent  to  the 
senators  from  Illinois: 

The  Chicago  Section  of  the  American'  Chemical  Society  is 
thoroughly  convinced  that  a  dye  embargo  is  absolutely  necessary 
tor  proper  development  of  the  chemical  industries  and  that  it  is 
to  the  decided  advantage  of  American  users  of  chemicals. 
Before  it  is  too  late,  we  urge  you  to  reopen  the  matter  and  do 
your  utmost  in  action  and  support  for  the  embargo. 


A.  C.  S.  Monographs 

Eight  American  Chemical  Society  Monographs  have  been 
published  to  date.  The  first  printing  of  the  "Chemistry  of 
Enzyme  Action,"  by  Falk,  has  been  exhausted,  and  it  is  expected 
that  the  accumulation  of  orders  for  this  volume  will  warrant  a 
second  printing  in  the  near  future.  Two  monographs  of  the 
series  are  now  in  the  hands  of  the  printers  and  will  be  published 
during  October,  five  others  are  expected  to  be  published  during 
this  year,  and  fifteen  are  in  less  advanced  stages  of  preparation. 
The  entire  scries  to  date  numbers  thirty  volumes  and  more  will 
be  added  from  time  to  time. 


Record   in    Gasoline    Production 

.\11  previous  records  for  monthly  production  of  gasoline  in 
the  United  States  were  broken  in  July,  when  ,5Gi), 711,415  gal. 
were  produced,  according  to  figures  compiled  by  the  Bureau  of 
Mines.     The  increase  over  July  of  last  year  is  150,000,000  gal. 

Domestic  consumption  of  gasoline  for  July  was  also  the  largest 
ever  recorded  in  a  single  month,  amounting  to  566,000,0(K)  gal. 
as  compared  with  457,(X)0,000  gal.  for  July  of  last  year.  The 
fact  that  consumption  figures  showed  a  larger  increase  than  the 
production  figures  accounts  for  a  reduction  of  stocks  of  gasoline 
for  llie  month,  amounting  to  52,000, 000  gal. 

A  daily  average  of  1,. 593,000  bbl.  of  oil  was  run  through  the 
stills  of  305  refineries  reported  to  the  Bureau  of  Mines  as  operat- 
ing during  July.  This  shows  an  increase  of  2.96  per  cent  in  the 
amount  of  oil  run  and  a  decrease  of  5  in  the  number  of  operating 
refineries  as  compared  with  June.  Plants  operating  in  July  ran 
an  average  of  80.55  per  cent  of  their  daily  indicated  capacity. 

Iini)orts  of  gasoline  for  July  amounted  to  4,840,098  gal., 
exports  were  58,630,402  gal.,  and  shipments  to  insular  possessions 
were  1 .866,789  gal. 
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Humidity  Equilibria  of  Various  Common  Substances" 

By  Robert  E.  Wilson'  and  Tyler  Fuwa 

RasBARCH  Laboratory  of  Applied  CnBuiSTKY,  Massachusutts  Instituth  of  Tuchnolooy.  Caudkidoi:,  Mass. 


The  following  paper  is  intended  to  collect  for  reference.  In  a  single 
article,  data  on  the  humidity  equilibria  of  various  common  sub- 
stances. 

The  paper  first  discusses  the  carious  types  of  humidity  equilibrium 
curves.  Curves  are  also  given  for  various  substances  arranged  in 
groups  of  related  materials,  as  follows:  natural  textile  fibers,  artificial 
textile  fibers,  pulp  and  paper  fibers,  foodstuffs,  other  organic 
colloids,  absorbents,  various  forms  of  carbon,  and  finely  divided 
inorganic  solids. 

If  the  relative  humidity  is  l^ept  constant,  there  is  surprisingly 
little  change  in  the  equilibrium  moisture  content  of  most  substances 
over  the  ordinary  range  of  indoor  temperatures.  There  is  need, 
however,  of  further  work  on  the  effect  of  temperature  changes  in  con- 
nection with  hot  air  drying. 

A  KNOWLEDGE  of  humidity  equilibria,  or  the  amount 
of  water  which  is  held  by  various  common  substances 
in  contact  with  air  of  different  humidities,  is  of  very 
considerable  importance  from  a  number  of  different  stand- 
points. The  application  of  such  data  to  problems  involving 
the  drying  or  humidification  of  materials  is  obvious.  Again, 
the  physical  properties  of  many  substances  vary  greatly, 
depending  upon  their  precise  moisture  content.  Proper 
allowances  for  gain  or  loss  of  moisture  are  also  of  great  im- 
portance in  bujang  and  selling  textiles,  etc.,  where  the  value 
per  pound  is  high  and  it  is  not  desired  to  pay  for  unnecessary 
moisture. 

In  spite  of  these  and  other  important  applications  of  hu- 
midity equilibria,  the  data  on  the  subject  are,  in  general,  very 
meager  and  scattered.  The  most  extensive  are  undoubtedly 
those  on  textiles  and  paper,  but  even  these  are  not  in  satis- 
factory shape,  and  there  is  frequent  doubt  as  to  whether  the 
moisture  contents  are  calculated  on  the  dry  or  moist  basis. 
It  has  therefore  seemed  desirable  to  assemble  the  most  re- 
liable of  the  available  data,  to  determine  experimentally  the 
eQuUibria  for  many  other  common  substances,  and  to  present 
these  data  in  a  single  article  to  which  reference  can  readily 
be  made. 

It  is  obvious  that  in  dealing  with  such  materials,  most  of 
which  are  coUoidal  io  nature  and  not  of  definite  composition, 
there  is  no  need  to  seek  excessive  refinement  in  the  methods, 
but  the  values  presented  are  believed  to  be  correct  at  least 
within  0.5  per  cent  moisture  for  the  particular  sample  tested, 
except  for  a  few  cases  where  special  difficulties  are  mentioned. 

Types  of  Humidity  Equilibrium  Curves 

Before  proceeding  to  a  detailed  consideration  of  specific 
substances,  it  may  be  well  to  consider  briefly  the  various 
types  of  humidity  equilibrium  curves  which  are  found  for 
(Afferent  systems.  The  vapor  pressure  data  for  various 
typical  systems  are  sho^^Ti  in  Fig.  1. 

Throughout  this  article,  equilibrium  vapor  pressures  are 
plotted  in  per  cent  of  that  of  pure  water  at  the  same  temper- 
ature (25°  C.)  rather  than  in  millimeters,  because  the  former 
values  change  but  little  with  temperature  and  they  repre- 

'  Received  May  8,   1922. 

•  Published  as  Contribution  No.  52  from  the  Research  Laboratory  of 
Applied  Chemistry,   Massachusetts  Institute  of  Technology. 

•  Director,  Research  Laboratory  of  Applied  Chemistry,  M.  I.  T. 


sent  the  "relative  humidity"  of  the  air  with  which  they  are 
in  equilibrium. 

Curve  2,  for  mixtures  of  sulfuric  acid  in  water,  is  a  typical 
vapor  pressure  curve  for  a  sy.stem  comprising  water  and  some 
other  liquid  which  is  miscible  therewith  in  all  proportions. 
The  very  considerable  affinity  of  the  acid  for  the  water  is 
clearly  shown  by  the  height  of  the  line,  especially  at  very  low 
humidities. 

Liquids,  such  as  amyl  alcohol,  which  have  much  less  affinity 
for  water  and  are  only  partly  miscible  therewith,  give  a 
different  type  of  curve,  shown  as  No.  5  in  Fig.  1.  Here, 
even  small  amounts  of  water  exert  a  very  high  vapor  pressure, 


only  2.2  per  cent  of  dissolved  water  being  in  equilibrium  with 
air  of  50  per  cent  relative  humidity.  The  vapor  pressure 
increases  somewhat  less  rapidly  up  to  9.8  per  cent  water, 
which  is  the  limit  of  solubility  of  water  in  isoamyl  alcohol. 
Any  additional  water  then  forms  increasing  amounts  of  a 
separate  phase  containing  a  small  amount  of  dissolved  iso- 
amyl alcohol.  The  vapor  pressure  therefore  remains  con- 
stant (vertical  line)  over  a  wide  range  of  water  contents,  imtil 
the  alcohol  phase  entirely  disappears. 

Still  a  different  t^'pe  of  curve  is  given  by  the  system  calcium 
chloride  and  water.  Solutions  of  calcium  chloride  behave 
very  much  like  those  of  sulfuric  acid,  except  that  the  lowering 
of  vapor  pressure  is  somewhat  greater,  partly  due  to  its  lower 
molecular  weight.  Eventually  a  point  is  reached,  however, 
when  the  water  content  drops  to  53  per  cent,  where  CaCl;.- 
6H2O  separates  out,  giving  two  phases.  From  there  on,  the 
vapor  pressure  drops  in  a  stepwise  manner,  as  different  pairs 
of  hydrates  come  into  existence.  A  single  hydrate  is  stable, 
without  changing  compositions,  over  a  certain  range  of  vapor 
pressures,  gi\'ing  a  horizontal  line.  'WTien  the  next  higher 
hydrate  comes  into  existence  the  vapor  pressure  becomes 
constant  while  the  relative  amounts  of  the  two  phases  change, 
giving  a  vertical  Une. 
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It  will  be  noted  that,  in  moderatelj'  or  very  humid  air, 
calcium  chloride  will  take  up  a  greater  proportion  of  its 
weight  of  water  than  sulfuric  acid,  and  hence  is,  from  that 


FlO.    2— ApPAHATOS  FOR   DBTSKHINAnON  OF  HUMIDITY   EQUILIBRIA 

standpoint,  a  bett«r  drying  agent;  but  that,  for  very  low 
humidities,  sulfuric  acid  is  markedly  superior  to  calcium 
chloride.  The  futility  of  attempting  to  get  air  even  99  per 
cent  dry  by  the  use  of  calcium  chloride  is  indicated  by  these 
curves,  although  it  should  be  said  that  they  were  determined 
on  mixtures  of  two  hydrates  and  that  anhydrous  calcium 
chloride  probably  adxorhs  a  verj'  small  amount  of  water  at 
vapor  pressures  lower  than  the  equilibrium  pressure  of  the 
anhydrous  salt  plus  the  monohydrate. 

A  curve  similar  in  type,  but  quite  different  in  location,  is 
No.  6,  for  sodium  sulfate  and  water.  Here,  the  molecular 
weight  is  larger  and  the  vapor  pressure  lowering  per  unit 
weight  is  therefore  less  in  the  dilute  solution.  The  decahy- 
drate  begins  to  separate  out  of  the  saturated  solution  at  a 
humidity  of  over  90  per  cent ,  and  even  the  system  decahydrate- 
anhydrous  salt  has  an  equilibrium  pressure  above  80  per  cent. 
Here,  again,  there  is  probably  a  slight  rounding-off  of  this  curve 
at  the  lower  end,  due  to  adsorption;  but  in  any  case,  in  spite 
of  its  high  "capacity,"  the  absurdity  of  using  sodium  sulfate 
as  a  dr>'ing  agent,  except  for  taking  care  of  liquid  water  or 
practically  saturated  air,  is  apparent  from  an  inspection  of 
this  curve. 

A  still  different  type  of  curve  is  given  by  most  of  the  com- 
mon colloidal  substances  with  which  this  article  is  primarily 
concemc<l.    Clothing,  food,  structural  materials,  and  finely 


di\'ided  solids  tend  to  take  up  certain  definite  amounts  of 
water  corresponding  to  the  humidity  of  the  air.  Tji^pical 
curves  are  those  for  wool  and  cotton  cloth  (Nos.  3  and  4  in 
Fig.  1).  Most  textile  materials  and  other  organic  colloids 
lie  beyond  these  two  limits,  and  finely  diWded  solids  in 
general  still  lower  than  this — in  an  entirely  different  range 
from  drj-ing  agents  such  as  calcium  chloride  and  sulfuric 
acid.  The  vapor  pressures  of  these  colloidal  materials  are, 
of  course,  rather  variable  from  sample  to  sample,  as  con- 
trasted with  the  definite  reproducible  equilibria  for  hydrates 
and  mixtures  of  pure  liquids. 

Method  Used  in  the  Determinations 

The  method  used  in  determining  the  equilibrium  water 
contents  of  the  substances  considered  in  this  article  is  de- 
scribed in  detail  in  another  paper  by  one  of  the  authors,*  and 
therefore  a  brief  description  only  will  be  given  here. 


The  substance  is  subdivided  to  present  a  reasonably  large 
surface  area,  and  placed  in  a  weighed  U-tube  of  about  50-cc. 
cajwcity.  Air,  which  has  been  brouglit  to  the  desired  hu- 
midity by  bubbling  through  the  sulfuric  acid  bottles,  is  passed 
in  a  slow  stream  through  the  U-tubc  train,  as  shown  by  Fig. 
2.  Moisture  equilibrium  is  generally  reached  in  from  18  to 
96  hrs.,  except  in  the  case  of  some  materials  of  a  colloidal 
nature,  such  as  soap  and  gelatin,  which  are  more  difficult  of 
equilibration. 

I'^ach  substance  was  brought  to  equilibrium  successively 
in  this  manner  at  15,  30,  50,  70,  and  90  per  cent  relative 
humidity,  after  which  saturated  air  was  passed  through  the 
train  for  a  short  time  and  the  same  equilibrium  points  again 
determined  by  an  approach  from  the  saturated  end,  i.  e., 
at  90,  70,  50,  30,  and  15  per  cent  relative  humidity.  Lastly, 
the  dry  weight  of  the  sample  was  found  by  passing  a  stream  of 
air,  pre\dously  dried  with  phosphorus  pcntoxide,  through  the 
sample,  the  U-tube  being  immersed  in  a  bath  at  about  50°  C. 
This  speeds  up  the  approach  of  equilibrium  at  the  dry  end, 
which  is  otherwise  (luitc  slow,  without  giving  appreciably 
different  results  from  those  obtained  by  much  longer  runs  at 
IT)'^  C.  In  general,  these  dry  weights  also  check  up  well  with 
the  ordinary  "oven-dry"  weights  at  105°  or  110°  C,  though 

•  Robert  E.  Wilson,  "Humidity  Control  by  Means  of  Sulfuric  Acid 
Solutions  with  Critical  Compilation  of  Vapor  Pressure  Data,"  Tms  Jouk- 
NAi,,  13  (1921).  326. 
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a  few  orgiinic  colloids  give  up  slightly  more  water  under  these 
conditions. 


Most  of  the  data  presented  have  been  determined  in  this 
laboratory,  but  data  from  the  literature  have  also  been  in- 
cluded where  they  appear  to  be  reasonably  reliable.  The 
source  of  the  data  for  each  substance  and  a  brief  description 
of  the  sample  used  are  given  in  Table  III. 

Wliile  the  data  given  are  believed  to  be  quite  accurate  for 
the  individual  sample  tested,  most  of  the  materials  are 
colloidal  in  nature,  and  the  results  will  undoubtedly  vary 
considerably  for  different  samples  of  similar  material.  In- 
deed, a  study  of  the  humidity  equUibrium  curves  is  frequently 
valuable  in  throwong  light  on  differences  in  the  structure 
and  properties  of  the  same  type  of  material. 

The  method  of  calculation  of  equilibrium  moisture  is  best 
explained,  perhaps,  by  the  use  of  an  actual  illustrative  ex- 
ample; that  of  cellulose  acetate  silk,  for  instance,  is  given 
in  Table  I. 


ADLK  I — Calculation  oi"  r.QuiLniRiuH  Moistukk  of  Ckllulosh 
AcBTATB  Silk 


Relative  Hquilibrium 

Humidity  Wt.  of  Tube 

Per  cent  »iid  Sample 

15  S0.fi280 


SO,  5.160 
50.6200 
60.6000 
60.8000 
50.6953 
60.6224 
.50.5.586 
50.5275 
50,4660 


Equilibrium 
WeiRht  of 
.Sample 
6.4243 
6.4523 
6.61(13 
fl.5S63 
6.6963 
6.5916 
6.51S7 
6.4.549 
6.4238 
6.3623 


Kxcess 
over  Ury 
Weight 
0.0620 
0.0900 
0.1540 
0.2240 
0.3340 
0.2290 
0.1561 
0  0923 
0.0612 
0.0000 


Per  cent 
Water  on 
"Ury 
Basis" 
0.97 
1.41 
2.42 
3.62 
6.25 
3.60 
2.46 
1.45 


Average  of 
"Up"  and 
"Down" 

RutiK 

0,97 

1.43 

2  44 

3.56 

5.25 
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Results 

The  equilibrium  moisture  for  each  substance  was  calculated 
according  to  the  method  of  the  illustrative  example  just  given. 
The  numerical  data  recorded  in  Table  III  are,  however,  in 
practically  all  cases  the  mean  of  the  two  equilibrium  deter- 
minations; that  is,  the  up  run,  and  down  run  made  on  each 
sample.  In  Figs.  .3  to  10,  these  data  are  presented  in  graph- 
ical form,  arranged  in  several  groups  of  related  materials. 

It  will  be  noted  that,  while  it  is  not  possible  to  predict 
quantitatively  the  humidity  equUibrium  curve  of  a  given 
substance  (except  in  the  case  of  a  few  pure  compounds), 
a  few  generalizations  can  be  made  in  this  respect.  These 
may  be  summarized  according  to  Table  II. 


Per  cbnt  Water  Contents 

ON  Dry  Basis 
at  50  Per  cent    at  90  Per  cent 
Relative 
Humidity 


Relativ 
Humidity 

0-4 


0-6 


Nature  oy  Substasces  in  Each  Class 

Finely  divided  inorganic  substances,  carbon 
and  lampblacks,  coke,  rubber,  cellulose 
acetate  silk 

Foodstuffs  (except 
fibers,  glue,  fulh 

Artificial  and  natural  textile  fibers  (except 
cellulose  acetate),  macaroni,  feathers,  wood, 
soap,  catgut,  ferric  hydroxide  gel 

Absorbent  cotton,  leather,  cigarette  tobacco, 
silica  gel,  activated  charcoal 
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-EQOILIBRinil  MOISTHRB  CONTENTS 

, Per  cent  of  Water  on  Dry  Basi^ 

Per  cent  Relative  Humidity 


Absorbent  cotton 

Cotton  dotb 

Linen 

Jute 

Wool 

Raw  (ilk 

Sifla]  hemp 

Manila  hemp 


Uliite  viKOM  ulk 
Red  viscose  silk 
Nitrocellulose  silk 
Cellulose  acetate  silk 


Mechanical  pulp 
SulBte  cellulose  pulp 
Soda  cellulose  pulp 
Kx«ft  paper 
Bond  paper 
Filter  paper 
Cornell  wall  board 


White  bread 

Crackers 

Macaroni 

Flour 

Starcb 

GdatiB 


Leather 

Catgut 

Glue 

Feathers 

Rubber 

Wood  (til 

Soap  (Ivc   , 

Tobacco,  cicarette 


nber) 
ry) 


Carbon  black 
Ferric  hydroxide  gel 
SUica  jtel 
Soda  lime 
Activated  charcoal 
Fuller's  earth 


Domestic  coke 
Carbon  black 
Activated  charcoal 


Asbestos  fiber 
Kieselguhr 
Zinc  oxide 
Kaolin 
Glass,  wool 


DsscBiTTioH  or  Material 


Sterile  absorbent  cotton  ' 

Sheeting 

Table-linen  material 

Average  several  grades 

Worsted 

Cheyennes 

Strands  from  rope 

Strands  from  rope 


Skein  of  silk 
Skein  of  silk 
Skein  of  silk 
Fibrous  form 


Pine 

Fresh,  unbleached 

Old,  unbleached 

60-lb.  brown  kraft 

"Manifest"  bond 

A.  D.  L.  quantitative 

Single-ply,  no  adhesiv 


Sole  leather 

Medium  grade  racquet  strings 

Best  grade  hide 

Pillow  down 

Goodyear  solid  tire 

Forest  Products  Laboratory,     j 

09.44  per  cent  pure! 

Fatima  cigarettes 


Croup  J — Natural  Textile  Fibers 

)"                                  8.9  10.1 

2.99  4.66 

2.53  3.60 

4.33  6.9 

6.3  9.0 

5.0  7.1 

4.48  5.6 

4.25  5.6 

Group  2 — .4r/i^ci"al  Textile  Fibers 

6,6  6.7 

5.3  6.4 

3.95  7.0 

0.97  1.43 

Groa;  3 — Paper  and  Pulp  Fibers 


4.56 
3.35 
3.49 
2.50 
2.34 
2.51 
3.71 

Croup  4 — Foodsluji 
0.99 
2.51 
6.5 
3.55 
2.83 
1.01 


6.3 

6.8 

5.0 

3.85 

3.71 

4.21 

5.3 


5.3 
5.4 
2.80 


20.6 
6.7 
5.1 
10.2 
12.2 
9.0 
8.3 
8.6 


9.4 
9.0 
9.1 
2.44 


7.9 
6.3 
6.6 
6.4 
6.1 
5.6 
7.5 


11.7 
7.9 

7.6 
4.92 


Croup  5 — Other  Organic  Colloids 


7.0 
6.2 
4.21 
5.0 
0.17 
4.65 
3.36 
8.9 


5.8 
6.4 
0.28 


Group  6 — A  bsorbents  of  Various  Kinds 


Best  quality  for  rubber  trade 

Made  in  R.  L.  A.  C. 

From  Davison  Chemical  Co. 

"Wilson"  Br 

Coconut  cha 

Florida  clay 


nd,  6  per  cent  NaOH 
coal,  highly  activated  ' 


ith  steam 


2.48 

6.2 

8.0 

2.0 

9.5 

4.54 


3.42 
6.8 

12.7 
3.5 

22.8 


6.5 
28.3 
7.5 


Group  7 — Various  Forms  of  Carbon 

Connellsville  coke                                                             0.33           0.60  1.1 

Best  grade  for  rubber  trade                                                2.48            3.42  3.1 

Coconut  charcoal,  highly  steam-activated                     9.5            22.8  28.: 

Croup  8 — Finely  Divided  Inorganic  Substances 


Finely  divided,  organic  free 

"Celite" 

Best  grade  for  rubber  trade 

Florida 


0.22 
0.50 
0.17 
0.30 
0.09 


0.26 
0.88 
0.29 
0.60 
0.09 


0.40 
1.40 
0.36 
0.92 
0.17 


22.2 
9.6 
7.0 
14.4 
17.0 
13.3 
11.7 
11.7 


12.9 
11.8 
11.8 
3.66 


9.6 
7.8 
8.0 
7.0 
6.5 
7.4 
10.3 


U.O 
8.3 
16.2 
12.3 


20.6 
17.3 
10.7 
10.4 
0.74 
11.6 
18.4 


4.31 
12.6 
20.2 


1.48 
4.31 
30.0 


0.62 
2.00 
0.41 
1.06 
0.23 


25.8 
13.5 
10.2 
20.2 
22.9 
19.0 
15.1 
16.0 


16.8 
15.2 
16.0 
6.26 


12.0) 
10. 5^ 
10. 2\ 
9.2) 
8.U 

10. iS 

13.0 
(at  80%) 

19.0) 
14. 9^ 
22. l\ 
19.1 
12.71 
11.4) 


29.2 
21.7) 
12.5) 
12.7 
0.99 
18.6 
23.8 
50.1 


6.0) 
20.  of 
22.6  > 
24.0 
32.7) 
15.6) 


1.89 
6.0    1 
32.7    J 


1.27 
0.40J 


Source  op  Data 

Fuwa,  R.  L.  A.  C. 
Schloesing' 
Atkinson,^  R.  L.  A. 
Storch,  R.  L.  A.  C. 
Schloesing 
Schloesing 
Fuwa,  R.  L.  A.  C. 
Fuwa,  R.  L.  A.  C. 


Robertson,  R.  L.  A.  C 


Mtiller  and  Haussner' 


Abrams,  R.  L.  A.  C. 


Atkinson,  R.  L.  A.  C. 

Bailey* 

Atkinson,  R.  L.  A.  C. 


Phelps' 

Fuwa,  R.  L.  A.  C. 
Atkinson,  R.  L.  A.  C. 
Fuwa,  R.  L.  A.  C. 
Forest  Products  Lab. 
Fuwa,  R.  L.  A.  C. 
Lord,  R.  L.  A.  C. 


Fuwa,  R.  L.  A.  C. 

WUson,  R.  L.  A.  C 
Fuwa,  R.  L.  A.  C. 


Selvig  and  Kaplan* 
Fuwa,  R.  L.  A.  C. 


Fuwa,  R.  L.  A.  C. 


L  Bachelor's  thesis  at  that 


■  M.  T.  Schloesing,  Jr.,  Bull.  soc.  encour.  ind.  nal.,  1893. 

•  Mr.  Atkinson's  results  were  obtained  at  Northeastern  University  under  the  direction  of  the  writers,  and  formed  the  b 
Institution. 

'  Muller  and  Haussner,  "Der  Hcrstellung  und  PrQfung  des  Papiers,"  p.  1642.         •  C.  Phelps,  M.  I.  T.  Thesis,  1919. 

•  C.  H.  Bailey,  This  Journai.,  U  (1920),  1102.  •  W.  A.  Selvig  and  B.  B.  Kaplan,  This  Journal,  12  (1920),  783. 


It  is  interesting  to  note  that  practically  all  of  the  curves 
have  the  same  general  shape,  the  water  content  rising  com- 
paratively rapidly  at  low  and  again  at  high  humidities,  and 
flattening  out  in  the  intermediate  range  between  20  and  60 
per  cent  relative  humidity. 

Under  Group  1,  wo/uro/  textile  fibers  (Fig.  3),  it  will  be 
noted  that  wool,  jute,  and  .silk  have  the  greatest  affinity  for 
moisture,  while  cotton  and  especially  linen  have  the  least. 
Absorbent  cotton  is,  however,  higher  than  any  of  the  un- 
treated fibers,  presumably  as  a  result  of  the  effect  of  the  severe 
treatment  with  alkali,  etc.,  which  changes  the  colloidal 
projjerties  of  the  fibers. 

The  results  on  Group  2,  artificial  textile  fibers,  shown  in 
Fig.  4,  show  a  surprisingly  close  agreement  between  the 
equilibrium  curves  for  the  viscose  and  nitrocellulose  silks 
and  natural  silk.  Cellulose  acetate,  however,  holds  far  less 
moisture  than  the  others,  which  accords  with  its  markedly 
different  behavior  on  dyeing,  etc.  This  should  make  it 
possible  to  use  the  acetate  silk  and  also  cellulose  acetate  films 
for  certain  purpose.",  where  the  other  cellulose  products 
would  not  be  suitable. 

Group  3,  covering  pulp  and  paper  fibers  of  different  types 
(Fig.  5),  shows  a  very  good  concordance  between  the  different 


types  of  material.  The  two  highest  curves  are  for  materials 
which  contain  large  amounts  of  lignin  (mechanical  pulp  and 
wall-board),  while  the  fibers  which  are  primarily  pure  cellu- 
lose check  up  very  well.  The  kraft  and  bond  papers  will, 
of  course,  vary,  depending  upon  the  amount  and  nature  of 
sizing  and  filling  materials  used. 

Group  4,  foodstuffs,  shown  in  Fig.  6,  as  a  class  has  a  fairly 
high  humidity  equilibrium,  macaroni  being  the  highest,  and 
flour,  starch,  bread,  and  crackers  agreeing  well  among  them- 
selves. 

Group  5,  other  organic  colloids,  shown  in  Fig.  7,  shows  the 
highest  humidity  equilibria  of  any  class  of  substances,  cigar- 
ette tobacco  having  the  highest  of  any  substance  studied,  and 
leather  the  next.  The  curve  for  glue  is  slightly  higher  than 
that  for  gelatin  in  Fig.  6.  Rubber  (solid  tire  stock)  is  very 
much  lower  than  any  other  material  in  this  group,  but  the 
equilibrium  water  content  is  nevertheless  quite  appreciable. 

Group  6,  covering  various  types  of  absorbents  (Fig.  8), 
shows  a  very  interesting  series  of  curves  with  considerable 
variation  in  their  general  shape.  Evidently,  on  a  weight 
basis,  activated  charcoal  holds  a  far  greater  amount  of  mois- 
ture than  any  other  absorbent,  with  unheated  silica  gel  run- 
ning second. 
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In  the  case  of  silica  gel  and  fuller's  earth,  the  same  equilib- 
rium was  not  readily  attained  when  approached  from  oppo- 
site sides,  there  being  quite  a  discropanc}-  between  the  mois- 
ture contents  held  even  after  equilibriating  for  periods  as 
long  as  3  or  4  days.    This  effect  is  shown  clearly  in  Fig.  9, 


because  of  its  very  low  apparent  density.  By  making  the 
comparison  on  a  volume  basis,  as  in  Fig.  10,  it  will  be  noted 
that  there  is  a  fairly  close  agreement  between  the  curves  for 
the  thr6e  principal  adsorbents,  charcoal,  silica  gel,  and  ferric 
hydroxide  gel,  though  their  shape  is  markedly  different. 


Coj^/0QrrAmf7  y^.^^^<yur'^onV J)ac^^xn<xJ^ 
-ate  .7  ZaJb  o/'^r^/i  <^v«iA^  -_.fc 

ate.t'  -^~       Jot 


which  shows  the  values  obtained  under  the  two  sets  of  con- 
ditions. It  also  brings  out  clearly  the  effect  of  heating  these 
types  of  absorbents  even  to  150°,  which  makes  a  marked  and 
apparently  permanent  change  in  the  amount  of  moisture 
which  they  hold  at  different  humidities. 

In  comparing  different  absorbent  materials,  it  is  frequently 
the  efficiency  per  unit  volume  rather  than  per  unit  weight 
which  determines  their  comparative  value  for  many  uses. 
Charcoal,  for  example,  shows  up  well  on  a  weight  basis 


It  should  also  be  emphasized  that  the  affinity  for  water  is 
not  a  true  measure  of  adsorptive  efficiency  for  other  types  of 
gases  or  vapors  and  that,  in  general,  silica  gel  shows  up  less 
favorably,  and  charcoal  more  favorably,  on  organic  solvents, 
ferric  hydroxide  gel  having  intermediate  properties. 

A  study  of  the  data  for  Group  7,  various  forms  of  carbon, 
shown  in  Fig.  11,  indicates  the  enormous  difference  in  the 
absorptive  capacity  of  a  single  material,  depending  upon  its 
state  of  dispersion.  The  average  individual  would  assume 
that  carbon  black  would  expose  much  more  surface  than 
activated  charcoal  and  this  may  be  true;  but,  actually,  either 
its  amount  or  its  effectiveness  must  be  much  less  than  that  of 
an  equal  weight  of  activated  charcoal.  Lampblack  and 
carbon  black  average  about  the  same,  though  different 
samples  vary  considerably. 
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The  finely  divided  inorganic  solids,  shown  in  Group  S,  Fig. 
12,  have  a  characteristically  low,  but  nevertheless  definite, 
ab.<orptivc  capacitj'  for  mois^ture,  kieselguhr  being  the  highest 
and  kaolin  the  next,  as  might  be  expected. 


The  ejjirt  of  lemperature  on  humidity  equilibria  is  an  im- 
portant question  in  many  cases.  It  is  common  experience 
that  heating  up  air,  even  for  20°  or  30°,  makes  it  a  much 
more  efficient  drying  agent,  but  this  is  due  primarily  to  the 
dccrea.<e  in  its  relative  humidity  rather  than  directly  to  the 
increa.se  in  temperature.  If  the  relative  humidity  is  kept 
constant,  there  is  surprisingly  little  change  in  the  equilibrium 
moisture  content  of  most  substances  over  the  ordinary  range 
of  indoor  or  outdoor  temperatures — an  increase  in  tempera- 
ture of  2.'>°  C.  giving  a  moisture  content  around  85  per  cent 
of  that  lit  the  lower  temperature.  The  effect  of  temperature 
changes  on  the  equilibrium  moisture  content  at  50  per  cent 
relative  humidity  is  shown  in  Fig.  13,  for  a  few  typical  sub- 
^tanre-;  on  wiiich  the  data  seem  fairly  reliable.  This  work 
should,  however,  be  supplemented  before  the  data  are  used 
to  work  out  accurate  schedules  for  hot  air  drying,  etc. 
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Chemical  Equipment  Manufacturers  Who  Petitioned 
Congress 

The  petition  to  Congress  to  vote  for  the  amendment  extend- 
ing the  Dye  and  Chemical  Control  Act,  which  appeared  on  page 
863  of  our  September  issue,  was  signed  by  the  following: 

.•\l>be  Engineering  Co.,  New  York,  N.  Y. 

.\bbe.  Inc.,  Paul  O.,  New  York,  N.  Y. 

Abemethy,  John  F.,  Brooklyn,  N.  Y. 

Ainsworth  &  Sons,  Wm.,  Denver.  Colo. 

Air-O-Mix  Corporation.  New  York,  N.  Y. 

Alberger  Chemical  Machinery  Co.,  Inc.,  New  York,  N.  Y. 

AUbright-Nell  Co.,  The,  Chicago,  111. 

Alsing  Eng.  Co.,  J.  R.,  New  York,  N.  Y. 

AUas  Electric  Devices  Co.,  Chicago,  111. 

.American  Chemical  Machinery  Co.,  Chester,  Pa. 

American  Pulverizer  Co.,  St.  Louis,  Mo. 

.\merican  Steam  Pump  Co.,  Battle  Creek,  Mich. 

American  Welding  Co.,  Carbondale,  Pa. 

Baker  &  Co.,  Inc.,  Newark,  N.  J. 

Baker-Perkins  Mfg.  Corp.,  Saginaw,  Mich. 

Beach-Russ  Co.,  New  York,  N.  Y. 

Bethlehem  Foundry  &  Machine  Co.,  Bethlehem,  Pa. 

Bristol  Co.,  The,  Waterbury,  Conn. 

Brown  Instrument  Co.,  The,  Philadelphia,  Pa. 

Burrell  Technical  Supply  Co.,  Pittsburgh,  Pa. 

Central  ScientiBc  Co.,  Chicago,  111. 

Chesapeake  Copper  Smithing  Co.,  Baltimore,  Md. 

Coors  Porcelain  Co.,  Golden,  Colo. 

Crowell  Mfg.  Co.,  Brooklyn,  N.  Y. 

Cruse-Kemper  Co.,  Ambler,  Pa. 

Devine  Co..  J.  P.,  Buffalo,  N.  Y. 

Dorr  Co..  The,  New  York,  N.  Y. 

Dover  Boiler  Works,  New  York,  N.  Y. 

Downington  Iron  Works.  Inc.,  Downington.  Pa. 

Duriron  Co.,  Inc.,  New  York,  N.  Y. 

Duro  Co.,  The.  Boston,  Mass. 

Elmore,  G.  H.,  Philadelphia,  Pa. 

Elyria  Enameled  Products  Co.,  Elyria,  Ohio. 

Emerson  Apparatus  Co.,  Melrose,  Mass. 

Engelhard,  Charies,  New  York,  N.  Y. 

Fleisher  &  Co.,  Inc.,  W.  L.,  New  York,  N.  Y. 

Fletcher  Works,  Philadelphia,  Pa. 

General  Ceramics  Co.,  New  York,  N.  Y. 

General  Filtration  Co.,  Inc.,  Rochester,  N.  Y. 

GUes  &  Sons,  J.  S.,  Chicago,  111. 

Glamorgan  Pipe  &  Foundry  Co.,  Lynchburg,  Va. 

Goetze  Gasket  &  Packing  Co.,  New  Brunswick,  N.  J. 

Greincr  Co.,  The  Emil,  New  York,  N.  Y. 

Hardinge  Co.,  Inc.,  New  York,  N.  Y. 

Harrisburg  Pipe  &  Pipe  Bending  Co.,  Harrisburg,  Pa. 

Hiergesell  Bros.,  Philadelphia,  Pa. 

Hoskins  Manufacturing  Co.,  San  Francisco,  C^lif. 

Hubbard's  Sons,  Norman,  Brooklyn,  N.  Y. 

Hydro  &  Chemical  Tank  Co.,  New  York,  N.  Y. 

Independent  Filter  Press  Co.,  Inc.,  Brooklyn,  N.  Y 

Industrial  Filtration  Corp.,  New  York,  N.  Y. 

Johnson  Co.,  John,  Brooklyn.  N.  Y. 

KB  Pulverizer  Co.,  Inc.,  New  York,  N.  Y. 

Kcasbey  &  Mattison  Co.,  New  York,  N.  Y. 

Kelly  S:  Jones  Co.,  The,  New  York,  N.  Y. 

Kent  Machine  Works.  Brooklyn,  N.  Y. 

Kestuer  Evaporator  Co.,  Philadelphia,  Pa. 

Kimble  Glass  Co.,  Vineland,  N.  J. 

Knight,  Maurice  A.,  Iiast  Akron,  Ohio. 

I.ammert  &  Mann  Co.,  Chicago.  Ill, 

Lasker  Iron  Works,  Chicago,  111. 

I.ippert,  F.  A.,  New  York,  N.  Y. 

Lyman,  Warren  M.,  New  York,  N.  Y. 

Mine  Safety  Appliances  Co.,  Pittsburgh,  Pa. 

Monarch  Mfg.  Works,  Inc.,  Philadelphia,  Pa. 

National  Filter  Cloth  &  Weaving  Co.,  Brooklyn,  N.  Y. 

National  Pipe  Bending  Co.,  The.  New  Haven,  Conn. 

Nelson  Valve  Co.,  Philadelphia,  Pa. 

New  England  Tank  &  Tower  Co.,  Boston,  Mass. 

New  York  Central  Iron  Works  Co.,  Inc.,  Hagerstown,  Md. 

New  York  The  ~        ~'       '"        "" 


'.iliver  Contii 


,  New  York,  N.  Y. 
i  Filter  Co..  San  Francisco,  Calif. 
Parks-Cramer  Co..  Boston,  Mass, 
Peterson  &  Co.,  Inc.,  Leonard,  Chicago,  III. 
Quigley  Furnace  Specialties  Co.,  Inc.,  New  York,  N.  Y. 
Rugglcs-Coles  Engineering  Co.,  New  York,  N.  Y. 

Sarco  Co.,  Inc..  BufTalo,  N.  Y. 
Scott  &  Co.,  Ernest,  Fall  River,  Mass. 
Schwartz  Sectional  System,  Indianapolis,  Ind. 
Shriver  &  Co.,  T.,  Harrison,  N.  J. 
Spencer  Lens  Co.,  BufTalo,  N.  Y. 
Sperry  &  Co.,  D.  R.,  Batavia,  III. 
Steacv-Schmidt  Mfg.  Co.,  York.  Pa. 
Stokes  Machine  Co.,  F.  J.,  Philadelphia,  Pa. 
Stuart  &  Peterson  Co.,  Buriington,  N.  J. 
Swcnson  Evaporator  Co.,  Chicago,  111. 
Thwing  Instrument  Co.,  Philadelphia,  Pa. 
Tolhurst  Machine  Works,  Troy,  N.  Y. 
United  Filters  Corp.,  New  York,  N.  Y. 


port.  Pa. 

Works,  Troy,  N.  Y. 


Valley  Iron  Works,  Willia 

Western  Ref.  Tolhurst  M 

Whillock  Coil  Pipe  Co.,  Hartford,  Conn 

Zarcmba  Co.,  Buffalo,  N 
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The  Classification  of  Coal' 

By  S.  W.  Parr 

L'NivSKaiTv  or  Illinois,  Urbana,  Illinois 


By  use  of  ihe  ordinary  data  of  proximate  analysis,  a  formula 
has  been  developed  which  gives  the  true  value  for  the  pure  coal  sub- 
stance  present  in  all  types  of  coal.  "Unit  coal"  is  Ihe  term  applied 
to  this  material  to  distinguish  it  from  the  factors  obtained  by  other 
formulas  which  are  shown  to  be  in  error. 

The  calorific  value  for  unit  coal,  because  of  the  direct  modification 
which  it  undergoes  as  a  result  of  the  oxygen  content,  is  shown  to  be 
a  good  index  of  rank  or  type. 

A  diagram  is  proposed  for  indicating  rank,  which  makes  use 
of  the  two  characteristic  factors,  volatile  matter  and  heal  value  of 
the  unit  coal. 

Data  covering  coals  from  widely  separated  regions  and  illustrations 
of  practical  application  covering  an  extended  period  of  time  seem  to 
establish  the  status  of  the  method  as  of  possible  service  to  both  the 
investigator  and  the  technician. 

SCHEMES  for  the  classification  of  coal  have,  in  the 
main,  been  the  outgrowth  of  technical  activities  in  the 
countries  where  they  originate,  or  thej-  may  be  the 
formulation  of  investigational  results  which  reflect  the  geolog- 
ical or  botanical  or  chemical  activities  of  their  authors. 
A  study  of  the  development  of  methods  of  classification 
as  an  evolutionary  process  is  exceedingly  interesting  and 
valuable,  but  would  exceed  the  limit  allowable  for  a  paper 
of  this  sort.  An  accumulation  of  information,  however,  is 
now  available  which  suggests  the  possibility  of  formulating  a 
scheme  which  may  serve  the  needs  of  both  the  investigator 
and  technician  to  an  extent  wliich  will  justify  its  adoption  as  a 
general  working  proposition.  This  Ls  a  rather  ambitious 
project,  it  must  be  admitted,  but  the  end  is  worth  the  effort. 
Without  any  question,  the  most  characteristic  constituent 
of  a  coal  is  the  volatile  matter.  But  if  we  attempt  to  make 
use  of  that  factor  simply  on  a  percentage  basis,  it  is  at  once 
ob^■ious  that  it  is  subject  to  irregularities  resulting  from 
variations  in  the  amount  of  extraneous  matter,  even  though 
the  coal  substance  itself  remains  the  same.  It  becomes 
evident,  therefore,  that  the  use  of  a  percentage  value  alone 
develops  many  inconsistencies. 

HjST0RIC.1L 

In  1842-43,  there  was  established  at  the  Washington 
Navy  Yard  a  coal  testing  plant  where  more  than  one  hundred 
and  forty  steaming  tests  were  made  on  forty-four  different 
American  coals.  The  results  were  pubUshed  in  a  volume  of 
six  hundred  pages,  but  in  a  manner  to  be  lost  to  public  view. 
The  bibliographic  reference  in  this  connection  is  interesting. 
It  is  Senate  Document  386  of  the  28th  Congress,  1st  Session, 
entitled  "A  Report  to  the  Navy  Department  of  the  United 
States  on  American  Coals  Applicable  to  Steam  Na\igation 
and  to  Other  Purposes,"  by  Walter  R.  Johnson,^  printed  in 
1844.  This  was  a  monumental  piece  of  work,  especially  for 
its  time,  and  while  the  results  have  now  mainly  historic 
interest,  certain  methods  employed  in  summarizing  the  re- 
sults have  had  a  very  pronounced  influence  on  classification. 

1  Presented  before  the  Division  of  Industrial  and  Engineering  Chemistry 
at  the  63rd  Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala., 
April  3  to  7,  1922. 

'  Walter  R.  Johnson,  Professor  of  Physics  and  Chemistry  at  the  Uni- 
versity of  Pennsylvania,  1839—43. 


IVofcssor  .Joiinson  had  a  proijcnsity  for  reducing  his  re- 
sults to  relative  values  with  reference  to  each  significant  item 
and  tabulating  the  factors  progressively  for  each  item.  At 
the  present  time,  the  plotting  of  a  curve  would  doubtl&ss 
be  the  method  employed.  It  is  interesting  to  note,  however, 
that  in  one  of  his  tables  he  devotes  one  column  to  the  ratio 


of  the  fixed  carbon  to  the  volatile  hydrocarbons,  - 


-,  and 


V.  h-c. 

these  ratios  are  seen  to  have  a  certain  agreement  in  their 
serial  order  Avith  the  "relative  evaporation  by  equal  weights 
of  combustible  matter."  No  suggestion  Ls  made  by  Professor 
Johnson  as  to  the  possible  use  such  ratios  might  ser^'e  in 
general  coal  classification. 

Pcrsifor  Frazor,  according  to  a  paper  read  before  the  Wilkes- 
Barre  (1877)  meeting  of  the  American  Institute  of  Mining  En- 
gineers,' evidently  had  been  seeking  for  some  method  of 
improving  upon  the  scheme  of  classification  proposed  by  his 
predecessor,  Professor  Rogers,*  who  made  use  of  percentage 
values  taken  from  Johnson's  report  and  elsewhere  and  re- 
ferred to  the  total  coal  as  received.  In  seeking  to  eliminate 
the  inconsistencies  resulting  from  wide  variation  in  the  ash 
and  moisture,  Frazer  brought  into  use  the  ratio  idea  of 
Johnson,  arguing  that  if  the  fixed  carbon  and  volatile  matter 
were  calculated  to  the  ash-  and  moisture-free  basis,  the 
extraneous  matter  would  be  excluded.  Then,  by  putting 
the  two  values  into  a  ratio,  a  scries  of  ranking  index  numbers 
would  result  which  he  proposed  to  group  in  a  manner  to 
indicate  a  system  of  classification.  The  odd  thing  about 
Frazer's  discussion  is  the  fact  that  he  seems  to  think  it  es- 
sential to  calculate  all  values  to  the  pure  coal  condition  so 
that  his  two  factors  for  C  (fixed  carbon)  and  V.  h-c.  (volatile 
hydrocarbons)  will  equal  100  per  cent.  Thus, 
C  ,         V.  h-c.  ^ 

l-(ash  +W)  "^  l-(ash  -|-  W) 
He,  therefore,  calculated  all  the  analj^ical  data  available  to 
the  ash-  and  water-free  condition  in  order  to  obtain  his  ratios 
free  from  the  influence  of  extraneous  or  adventitious  material. 
Now  a  very  Httle  inspection  will  show  that  this  is  all  wasted 
energy,  since  these  two  values  for  C  and  V.  h-c.  ^\ill  give  the 
same  ratio  whether  they  are  taken  from  the  "pure  coal" 
values  totaling  100  per  cent  or  from  the  "as  received"  values 
totaling,  with  the  ash  and  moisture,  100  per  cent.  His 
zeal,  however,  has  caused  him  to  err  in  the  right  direction; 
for  a  ratio,  to  have  any  significance,  must  relate  solely  to  the 
pure  coal  substance.  Variations  from  this  principle  furnish 
ratios  of  little  or  no  value.     Note  in  this  connection  the  ratio 

Q 

proposed  by  Campbell'  of  — ,  in  which  H  includes  all  of  the 

hydrogen  of  the  free  moisture  in  the  coal,  though  Strahan 
and  Pollard'  use  the  same  ratio  referred  to  the  drj-  ashless 
material.' 

•  Trans.  Am.  Inst.  Mining  Ene..  6  (1877),  430. 

«  H.  D.  Rogers,  "The  Geology  of  Pennsylvania,  a  Government  Report," 
S   USoS),  991. 

'  U.  S.  Ceol.  Surf.,  Professional  Paper  48,  Part  I,  156. 

«  "Coals  of  South  Wales,"  1916. 

'  Numerous  errors  are  evident  in  Frazer*s  paper;  as,  for  example,  his 
statement  that  in  the  data  available  at  that  time,  the  factor  for  water  was 
included  in  the  volatile  matter.  All  Johnson's  data  give  the  moisture 
values  as  distinct  from  the  volatile  matter. 
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.H    PclATivC   F^PORTiOHS 


AvCRAGC  or  "Tcri   IllimOiS  Coals 

ShOWIMG    CoNSTlTUEnTS    IN 

RcLATivE  Proportiohs 


Analysis  or  a  LiGriiTic  OR  BrOsvm 
CCAL   ShOWinC-    COMSTlTUCMTS 

irs  P.Clativi:   Phopof<tiO"S 


In  a  former  system  of  cla.'<.sification  proposed  by  the  author,' 

the  ratio  employed  was  -rzr  X  100,  in  wliich  C  represented 

the  total  carbon  and  VC  that  part  of  the  carbon  which 
associates  itself  with  hydrogen  to  form  the  volatile  hydro- 
carbons. Tliis  ratio  is  free  from  inorganic  variables  and  has 
the  advantage  with  respect  to  the  greater  accuracy  of  obtaining 
one  of  the  factors,  the  total  carbon.  It  was  recognized  in 
that  discussion  that  anotlier  significant  element  entered  into 
the  case  which  could  not  be  covered  conveniently  by  any 
ratio.  This  was  the  inert  i^art  of  the  volatile  matter  or  oxygen 
compounils  of  the  coal.  In  that  article,  no  satisfactory 
Bcherae  was  proposed  for  taking  account  of  that  constituent 
which  we  now  recognize  not  only  as  a  part  of  the  true  coal 
substance,  but  as  a  very  significant  factor  which,  to  an  equal 
extent  with  the  volatile  matter,  determines  the  rank  of  a 
coal. 

PuoposED  B.\sis  OK  Classification 

As  illustrative  of  a  method  for  taking  account  of  the  inert 
volatile  matter,  attention  is  called  to  the  cross-hatched 
areas  in  each  of  the  throe  diagrams  in  Fig.  1.  These  areas 
represent  the  oxygen  compc)un<is  of  the  actual  coal  substance 
in  each  type:  (1)  a  low  volatile  eastern  coal,  (2)  a  high 
volatile  Illinois  coal,  and  (3)  a  lignitic  coal.  It  is  now  sug- 
ge.ited  that  the  most  direct  method  of  classification,  and  one 
which  would  give  expression  to  this  constituent,  would  be  the 
calorific  value  of  the  pure  coal  substance.  It  should  be 
recognized  at  the  outset,  however,  that  the  factors  for  ash 
and  moisture  must  not  only  be  very  accurately  determined, 
but  one  disturbing  factor,  the  sulfur,  should  be  eliminated 
altogether.  While  a  small  amount  of  sulfur  is  always  present 
in  organic  form  and  is  a  true  part  of  the  coal  material,  the 
main  part,  as  a  rule,  is  in  the  form  of  FcSj.  It  is  evidently 
of  .tecondary  formation  and  is  so  irregular  in  amount  as  to 
indicnti'  the  de,-<irability  of  eliminating  it  entirely  from  the 
actual  coal  substance.  A  glance  at  Fig.  2,  showing  the 
organic  and  pyritic  sulfur  in  different  locations  in  the  same 
mine,  is  .""ufficicnt  e\-idence  without  further  comment  as  to 


the  desirability  of  counting  the  sulfur  as  part  of  the  extra- 
neous matter.' 

One  other  ingredient  should  be  taken  account  of.  In  the 
case  of  Eastern  coals  where  the  ash  is  low,  it  has  only  minor 
significance,  but  in  lower  grade  coals,  where  the  ash  will 
average  16  to  18  per  cent  and  may  sometimes  reach  25  or 
30  per  cent,  it  is  important.  This  is  the  volatile  material, 
chiefly  water  of  hydration,  which  is  discharged  at  a  red  heat 
from  the  shaley  constituents  of  the  ash.  With  this  material 
assigned  to  its  proper  place,  along  with  the  sulfur  as  part 
of  the  ash,  we  are  in  a  position  to  appreciate  the  significance 
of  the  heat  value  for  the  pure  coal  substance  as  unaffected  by 
mineral  impurities  of  any  sort. 

CORHECTION  OF  FACTORS 

This  brings  us  to  the  method  of  correcting  the  factors  as 
determined  in  the  ordinary  process  of  proximate  analysis. 
Fortunately,  it  resolves  itself  into  a  very  simple  formula.  It 
should  be  noted  that  the  first  description  of  this  formula  with 
a  detailed  account  of  its  derivation  was  published  in  1909.'° 
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•S.  W.   P«rT,  "The  CU 
(1800),   M2S. 


lificniion  ot  Coali,"  J.  Am.  Chem.  So, 


•  Yancey  and  Fraser,  "The  Distribution  of  the  Forms  of  Sulfur  in  the 
Coal  Bed."  Univ.  of  Illinois  Engineering  Expt.  StA.,  BuUtlin  13S  (codperative 
with  U.  S.  Bureau  of  Mines  and  Illinois  State  Geological  Survey);  This 
JotiRNAi,,  18  (1921).  35. 

'•  Parr  and  Wheeler,  "Unit  Coal  and  the  Composition  of  Coal  Ash," 
Univ.  of  Illinois  Engineering  Expt.  Sta.,  Bulletin  37;  This  Jouknai,,  1 
(1909),  636. 
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Heat  value  in        _ 
B.  t.  u.  for  unit  coal  — 


The  application  at  that  time  was  solely  in  connection  with  the 
calculation  of  calorific  values  and  had  no  reference  to  its  use 
as  a  classification  medium.  After  long-continued  use  with  all 
types  of  coal,  the  marked  accuracy  of  the  formula  as  first 
proposed  has  led  inevitably  to  its  use  as  a  classification  factor. 

It  is  not  necessary  to  repeat  here  in  detail  the  derivation 
of  the  formula.  Its  fundamental  principles  may  be  readily 
showTi  as  follows: 

Assuming  the  coal  values  as  derived  from  analysis  to  be  on 
the  dry  basis,  then: 

Non-coal  =  Ash  as  weighed  +  V«  S  +  0.08  (ash  -  "/« S)    ( 1 ) 
Combming  and  simplifying,  we  have  Equation  2. 

Non-coal  =  1.08  ash  4-  "/«  S  (2) 

Hence,  to  derive  the  heat  value  for  the  unit  coal,  Equation 
3  results. 

Indicated  B.  t.  u.  -5,000  S 
1.00- (1.08  ash  +  "/«S)  ^^^ 

In  Equation  1,  it  may  be  explained  that  the  addition 
of  Vs  S  corrects  the  ash,  as  weighed,  back  to  the  form  in  which 
the  sulfur  was  weighed  in  the  original  sample,  namely  FeS?. 
The  factor  in  Equation  2  which  increases  the  ash  as  weighed 
by  8  per  cent  is  really  an  arbitrary  constant,  though  it  was 
derived  experimentally  in  the  first  place  by  taking  the  average 
loss  (not  including  organic  matter)  on  ignition  of  a  number  of 
shales  from  the  Illinois  coal  measures.  It  is  doubtless  mainly 
water,  but  maj'  have  some  carbon  dioxide  from  carbonates,  or 
even  sodium  chloride,  but  obviously  it  should  not  be  appUed 
to  the  iron  pjTites  wliich  is  shown  to  be  subtracted  as  Fe203 
from  the  ash  as  weighed,  the  8  per  cent  being  applied  to  the 
remainder  only.  Equation  3  is  derived  from  Equation  2,  by 
subtracting  in  the  numerator  the  heat  due  to  the  burning  of 
the  sulfur  and  the  formation  of  FcjOa  and  in  the  denominator 
changing  slightly  the  fraction  ^  V40  to  ^V4o,  as  being  in  the  direc- 
tion of  simplifying  the  calculation  as  well  as  promoting  ac- 
curacy by  compensating  slightly  for  the  sulfur  not  in  the 
pyritic  form. 

Tests  of  Formula 

Now  while  a  certain  basis  in  theory  may  thus  be  set  forth 
in  defense  of  the  formula,  it  would  still  be  of  little  value  unless 
it  could  be  proved  out  in  actual  use  as  correct.  Several 
methods  suggest  themselves.  Obviously  a  coal  with  high 
ash  from  the  same  mine,  or  from  the  same  sample  by  use  of  the 
"sink"  and  "float"  method  of  separation,  would  respond 
unfavorably  if  the  8  per  cent  constant  as  applied  to  the  ash 
were  wrong.  If  this  factor  is  correct,  then  so  far  as  ash  vari- 
ations are  concerned,  the  B.  t.  u.  values  for  unit  coal  should 
calculate  out  to  substantially  the  same  number.  Similarly, 
the  sulfur  corrections,  when  applied  to  wide  variations  in 
sulfur  in  the  same  sample  or  in  samples  from  the  same  mine, 
should  not  produce  a  divergence  in  the  thermal  values  when 
calculated  to  the  unit  basis.  A  great  mass  of  data  has  ac- 
cumulated from  which  only  a  limited  number  of  illustrations 
can  be  given.  However,  they  are  typical  and  cover  widely 
separated  localities  and  practically  all  types  of  coal. 

Table  I  is  an  assembly  of  results  from  samples  which  have 
been  subjected  to  the  "sink"  and  "float"  process.  By  this 
procedure,  each  sample  is  divided  into  two  parts  with  widely 
different  values  for  the  ash  and  sulfur.  Manifestly  the  cal- 
culation of  the  indicated  heat  value  to  the  corresponding 
value  for  the  unit  coal  substance  furnishes  a  crucial  test  for 
the  suitability  of  the  factors  chosen  for  correcting  the  ash 
with  reference  to  water  of  hydration  and  for  sulfur. 

If  space  permitted,  very  interesting  evidence  of  an  indirect 
character  could  be  submitted  in  substantiation  of  the  formula 
adopted.  At  least  two  other  methods  have  been  used  to  a 
greater  or  less  extent  for  deriving  the  pure  coal  substance. 
If  we  compare  the  results  obtained  by  use  of  these  formulas 


with  the  one  here  proposed,  the  discrepancies  resulting  in 
the  case  of  sink  and  float  samples  of  the  same  coal  afford 
positive  confirmation  of  the  value  of  the  new  formula.  A 
tabulated  selection  of  a  few  cases  only  can  be  given  in  this 
connection. 


Tadi.i!  I— ( 

:oilPARATlvl!  Vai. 
Water 

UKS  OK 

Ash 

PURB  0 
Sulfur 

R  "Unit' 

•  COAI, 

Actual   Unit  Coal 

Dif. 

1 — Grundy 
County,  nl. 

Sink 
Float 

0.00 
0.00 

21.99 
4.67 

5.00 
1.44 

10,735 
13,475 

14,262 
14,217 

■f45 

2 — Williamson 
County,  111. 

Sink 
Float 

0.00 
0.00 

18.28 
4.34 

1.37 
1.07 

11,731 
13.970 

14,667 
14,690 

-23 

3 — Vigo  County. 
Ind. 

Untrtd. 
Float 

0.00 
0.00 

16.84 
4.27 

7.62 
3.08 

11,790 
13,870 

14,698 
14,638 

-fee 

4 — South  Africa 

Sink 
Float 

1.66 
1.63 

18.94 
6.06 

2.28 
1.38 

11,680 
13,703 

15,093 
15,065 

+  28 

S — South  Africa 

Sink 
Float 

1.82 
2.07 

15.24 
8.88 

1.80 
0.87 

11,847 
12.989 

14,799 
14,779 

-f20 

G — South  America 
(Brazil) 

Sink 
Float 

3.59 
5.97 

49.25 
17.24 

2.58 
0.68 

6,922 
10,602 

14,162 
14,127 

-1-35 

7— Walker 
County,  Ala. 
(Pratt  seam) 

Sink 
Float 

1.00 
1.20 

16.14 
4.40 

0.83 
0.85 

12,467 
14,384 

15,370 
15,371 

-   1 

8 — Jefferson 
County,  Ala. 
(Mary-Lee  seam) 

Sink 
Float 

0.92 
1.04 

23.70 
9.78 

1.23 
0.99 

11,246 
13,683 

15,620 
16,576 

H-44 

9 — Bituminous 
from  W.  Va. 

Sink 
Float 

1.15 
1.20 

4.96 
3.40 

0.76 
0.60 

14,373 
14,616 

16,443 
15,416 

-^27 

10 — Cannel  from 
Kentucky 

Sink 
Float 

1.20 
0.97 

39.04 
13.40 

2.87 
1.74 

8,908 
13,560 

16,179 
16,205 

-26 

11 — Anthracite 
from  Pa. 

Sink 
Float 

0.70 
0.86 

16.75 
7.20 

1.07 
0.72 

12,280 
13,795 

15,232 
15,166 

-t-66 

Table  II — Comparison  oy  Heat  Values  for  "Pure  Coal  Substance" 
AS  Calculated  by  Three  Methods  prom  Analytical  Data 
ON  "Dry  Coal" 

. Calculated  B.  t.  u. . 

Ash    Sulfur     B.  t.  u.         a  b  c 

Williamson  Co.,  lU. 

Sink  17.75     1.15      11,768      14,306      14.451      14.608 

Float  4.03     0.99      13,924      14,535      14,644      14,623 

Difference 229  193  15 

Franklin  Co..  III. 

Sink  18.00     0.57      11,639      14,194      14,236      14.474 

Float  4.64     0..54      13.765      14,436      14,492      14.512 

Difference 241  256  38 

Perry  Co.,  lU. 

Sink  22.17     1.15      10.922      14.033      14,183      14,413 

Float  4.22     0.86      13,763      14.369      14,464      14,452 

Difference 336  281  39 

B.  t.  u.  B.t.u.-4050  S  B.  t.u.-5000  S 

""l.OO-A-  l.OO-(A-S)    •     ""l.OO-(1.08A-"/<oS)' 

The  derivation  of  o,  6,  and  c  may  be  understood  from  the 
following: 

The  expression  B.  t.  u.  is  the  indicated  heat  value,  as  ob- 
tained directly  by  means  of  the  calorimeter.  A  is  the  ash 
as  weighed,  and  S  is  the  sulfur  in  per  cent. 

The  method  under  a  is  the  usual  one  employed  by  the 
engineer  for  determining  the  heat  values  for  "combustible." 

Under  h,  the  method  employed  by  Lord  and  Haas  for 
determining  the  value  of  H,  i.  e.,  the  heat  to  be  credited  to  the 
pure  coal  substance  free  from  moLsture,  ash,  and  sulfur." 

Under  c,  the  formula  is  that  for  "unit  coal"  and  has  al- 
ready been  discussed. 

Note  that  the  analytical  values  are  on  the  "dry  coal"  or 
moisture-free  basis.  Hence  W  for  water  is  not  introduced 
into  the  formulas. 

For  the  reason  that  a  zone  of  heat  values  may  be  indicated 
or  prescribed  for  groups  or  types,  a  method  of  classification 
is  therefore  suggested  as  a  result  of  the  preceding  discussion 
as  to  the  true  heat  value  of  the  unit  coal  substance,  as  shown 
in  Table  III. 

Table  III — Classification  of  Fuel  Types  by  Heat  Valdbs  for  Unit  or 
Actual  Organic  Substance 

Cellulose  and  wood 6,500  to    7.800 

Peat  7.800  to  11,500 

Lignite,  brown 11.500  to  13,000 

Lignite,  black,  or  sub- bituminous  coal 13,000  to  14,000 

Bituminous  coal  (mid-continental  field)  ....      14,000  to  15,000 

Bituminous  coal  (eastern  field) 15,000  to  16,000 

Semianthracite  and  semibituminous 15,500  to  16,000 

Anthracite 15.000  to  15.500 


^1  Trans.  At 
meier,  "Report  c 


.  Insl.  Mining  Eng.,  H  (1898),  259;  also  Lord  and  Somer- 
L  Coal,"  4th  Geol.  Surv.,  Ohio.  1908,  26S. 
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The  groups  designated  in  Table  III  have  been  given  the 
names  as  first  proposed  l)y  Professor  Rogers.  These  had 
become  sufficiently  established  at  the  time  of  Frazer's  paper 
to  make  it  seem  advi.«able  for  him  to  continue  their  use." 
Campbell,"  at  a  still  later  date,  follows  the  same  general 
nomenclature  and  it  does  not  seem  wise  now  to  introduce 
chanpcs  in  these  general  and  well-established  names. 

One  fundamental  criticism  has  always  arisen  concerning 
the  use  of  heat  values  for  designating  coal  rank.  This  relates 
to  the  lower  values  for  anthracites  which  bring  them  into  the 
same  class  with  certain  coals  of  the  bituminous  tj'pe. 
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This  feature  Ls  really  a  virtue  from  the  standpoint  of  the 
unit  coal  values  as  we  have  been  discussing  them.  How 
therefore  to  incorporate  this  property  in  a  classification 
scheme  has  been  a  problem.  It  has  been  solved  in  a  very 
satisfactory  manner  by  use  of  a  two-dimension  diagram,  as 
bhown  in  Fig.  3.'* 

In  this  chart,  the  percentage  values  for  unit  volatile  matter 
have  been  located  on  the  horizontal  axis  and  the  unit  heat 
values  on  the  vertical.  By  this  means,  the  low  volatile 
coals  of  the  anthracitic  tj-j)e  are  segregated  from  the  high 
volatile  coals  of  the  Illinois  type  even  though  their  heat 
factors  are  closely  related. 

The  values  in  the  diagram  have  been  calculated  mainly 
from  anHlytical  data  publL'-lied  bj'  the  U.  S.  Bureau  of  Mines." 
In  this  way  coal  samples  from  widely  separated  regions  are 
represented. 

The  di^iding  lines  have  been  chosen  arbitrarily  and  at 
even  hundreds,  but  it  is  intere-oting  to  note  that  for  most  of 
the  ifines  there  is  a  marked  thinning  out  of  the  group  repre- 
sentatives at  the  lines  of  di\ision.  As  would  be  expected, 
there  is  more  of  a  blending  between  the  lignites  and  their 
neighbors,  but  in  tho.'c  instances  where  a  sample  seems  to 
be  out  of  iilare  it  is  an  even  chance  that  the  collector  who 
named  the  samj)le  was  WTong  in  hLs  diagnosis.  At  lea.st,  the 
author  would  hold  that  the  unit  B.  t.  u.  is  a  s.afer  criterion  for 

'*  Sm  Fraici'.  commnnicatlon  in  defense  of  his  classificatioD,  Am. 
Intl.  Mimimi  E«;  .   lUm  nthly  BuUttin,  January  190«.  241. 

'•  V.  S.  Ctol.  Sun..  r,.,f,!,{onal  Paprr  100-A. 

u  Prom  ao  unpiil.li>litil  'hrtis  tor  the  Ma,iter's  degree,  by  E.  B.  Vliet, 
UnlTenity  o{  inioois.   1«1S. 

»  Value*  obtained  from  analyiii  of  cools  found  in  liur.  Mines,  Bulls. 
1«,  n,  U,  IM,  and  V.  .S.  Ctol.  Sun.,  Bull.  Ul. 


designating  the  rank  than  the  phj'sical  characteristics  which 
governed  the  designation  at  the  locality  where  the  samples 
were  taken. 

The  cannels  arrange  themselves  in  a  distinct  group  which 
reveals  at  a  glance  their  true  characteristics.  Similarly,  tlie 
eastern  bituminous  of  the  high  volatile  type  are  sharply 
segregated  from  the  western  bituminous  as  a  result  of  their 
dififercnce  in  o,\j'gen  or  inert  volatile  content.  The  names 
"eastern"  and  "western"  bituminous,  however,  are  not  well 
chosen  and  should  be  replaced  by  names  or  letters  which 
would  be  universally  applicable. 

A  word  of  explanation  may  be  necessary  concerning  the 
method  of  deriving  the  percentage  factor  for  the  unit  volatile 
matter.  If  we  accept  the  factors  as  adopted  for  correcting 
the  ash  as  weighed,  it  is  seen  that  the  chief  constituents 
entering  into  those  corrections  are  8  per  cent  for  the  water  of 
hydration  of  the  clayey  matter  and  the  addition  of  Vs  S  to 
restore  the  ash  to  the  condition  as  weighed  out  in  the  sample. 
Now  these  values  are  in  fact  tlie  errors  that  should  be  assigned 
to  the  volatile  matter  in  the  ordinary  process  of  determination, 
where  the  8  per  cent  of  water  is  driven  off  at  a  red  heat  and 
approximately  '/j  the  sulfur  is  discharged  from  FeS2.  The 
fixed  carbon,  therefore,  has  not  been  appreciably  affected, 
since  the  errors  of  the  volatile  matter  naturally  appear  in  the 
ash  as  weighed,  thus  leaving  tlie  carbon  by  difference  in 
substantially  its  true  relationship  to  the  original  coal.  Hence, 
to  derive  the  fixed-carbon  value  on  the  unit  coal  basis,  we 
would  simply  apply  the  standard  formula  for  deriving  the 
unit  coal,  thus: 

Fixed  carbon  as  determined 
Un.t  fixed  carbon  =       i.oo-(1.08  A  -h«/40  S) 

and  from  tliis,  by  difference: 

Unit  volatile  =  1 .00  —  unit  fixed  carbon 


Table    IV 
(Calculated  to  "as  received"  basis  having  normal  variations  of  moisture^ 
ash,  and  sulfur,  as  indicated.     Unit  coal:  14,300) 


Genbbal  Location 

BV  COUNTIKS      Coal  Bed 

Ash    S 

B.t.u.  Calcu- 
lated to  Coal 
"as  Received" 
with  12  Per 
ulfur    cent  Moisture 

B.  t.  u.  Calcu- 
lated to  Coal 
"as  Received" 

with  14  Per 
cent  Moisture 

Sangamon    south 

of  Auburn                   6 

10 
11 

4 
4 

10.925 
10,771 

10,639 
10,484 

Perry                                6 

12 
13 

4 
4 

10,616 
10,462 

10,330 
10,176 

Randolph                       6 

14 
15 

4 

4 

10,308 
10,154 

10,021 
9,867 

Clinton                           6 

16 
17 

4 

4 

10,000 
9,846 

9,712 
9,558 

Madison                           6 

IS 
19 

4 
4 

9,692 
9,538 

9,403 
9,250 

Montgomery                  6 

20 

4 

9,384 

9,094 

Table  V 

—Coal 

Index  Numbers 
Moisture  Ash     Sulfur 

A 

Unit 
Coal 

B 

Index 
No. 

1 — Anthracite, 
Scranton,  Pa. 

Sink 
Float 

0.70 
0.86 

16.75     1.07 
7.20     0.72 

80.62 
90.96 

124. OS 
109.94 

2— Bituminous,  W.  Va. 

Sink 
Float 

1.15 
1.20 

4.96     0.76 
3.40     0.60 

93.07 
94.80 

107.45 
105.48 

3— Walker  Co.,  Ala. 
(Pratt  seam) 

Sink 
Float 

1.00 
1.20 

16.14     0.83 
4.40     0.85 

81.11 
93.58 

123.20 

io6.se 

4 — South  Africa 

Sink 
Float 

1.82 
2.07 

15.24     1.88 
8.80     0.87 

80.73 
87.86 

123.87 
113.83. 

5 — Brazil,  So.  America 

Sink 
Float 

3.59 
5.07 

49.25     2.58 
17.24     0.68 

41.81 
76.08 

239.17 
133.26' 

0— WiUiamson  Co.,  III. 

Sink 
Float 

0.00 
0.00 

18.28     1.37 
4.34     1.07 

79.51 
94.27 

125.77 
105.57 

7— Grundy  Co.,  111. 

Sink 
Float 

17.28 
0.00 

5.27     2.33 
6.37     2.82 

75.48 
91.57 

132.49 
109.20 

S— Vermillion  Co.,  III. 

Sink 
Float 

14.45 
0.00 

9.34     2.55 
10.92     2.98 

74.06 
86.57 

135.02 
115.51 

n— Franklin  Co.,  111. 

Sink 
Float 

9.04 
0.00 

8.56     1.45 
9.41     1.59 

80.92 
88.97 

123.57 
112.39 

10 — Alberta,  Canada 
C.  P.  R.  Synd. 

Sink 
Float 

1.39 
1.17 

27.50     0.85 
3.02    0.72 

68.45 
95.18 

146. 0» 
105. 0& 
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H.v  this  means,  it  will  bo  seen  tlmt  we  have  a  very  definite 
iiicans  of  separating  the  100  per  cent  unit  coal  into  its  two 
constituents,  fixed  carbon  and  volatile  matter,  thus  fulfilling 
the  iircliininary  argument  that  a  ratio  to  be  of  value  must 
exclude  all  extraneous  matter.  These  two  unit  values  may  be 
expressed  either  as  a  ratio  or  a  percentage,  since  together  they 
equal  100  per  cent,  but  the  percentage  values  are  employed 
for  plotting  in  diagnimniatic  form,  so  as  to  indicate  the  com- 
parison to  better  advantage. 

Numerous  additional  illustrations  of  the  practical  value 
of  the  unit  coal  formula  and  the  factors  that  accompany  it 
might  be  given.  For  example,  in  Table  IV,  a  certain  area 
in  Illinois  is  shown  wherein  the  unit  heat  value  for  the  coal 
produced  averages  14,300  B.  t.  u.  Assuming  certain  values  for 
moisture,  ash,  and  sulfur  in  the  coal  as  marketed,  a  heat  value 
for  a  number  of  average  commercial  conditions  for  the  coal  as 
delivered  has  been  derived  by  reversing  the  calculation,  start- 
ing from  the  accepted  unit  coal  value.  If  the  output  from 
any  specific  mine  in  that  region  is  known  to  have  a  unit 
coal  value  of  14,300  B.  t.  u.,  the  calculated  values  for  the 
various  assumed  amounts  of  impurities  \\ill  be  accurate  to 


witliin  0.5  per  cent  of  the  calorimctric  indications,  entirely 
eomi>arable  to  du])licate  results  by  the  same  operator  on 
the  .same  sample.  Many  methods  for  utilizing  such  a  table 
or  other  values  deduciblo  by  the  same  formula  will  readily 
suggest  themselves — such  as  checking  guaranties  on  coal 
bids,  verifying  the  samples  submitted  a.s  to  their  agreement 
with  the  gross  sliipment,  detecting  errors  in  calorimctric 
results,  calculating  calorific  .values  in  the  absence  of  an  in- 
strument, obtaining  the  variable  in  heat  value  for  each 
unit  of  ash,  being  exactly  154  units  in  this  particular  tabu- 
lation, etc. 

One  other  table  is  submitted  as  having  po&sible  value  in 
matters  of  cverj'-day  concern.  In  Table  V,  Column  A,  are 
listed  the  values  for  the  unit  coal  in  per  cent  of  the  coal  as 
received.  These  values  are  derived  simply  by  application 
of  the  unit  coal  formula  incorporating,  of  course,  "\V"  for  the 
moisture  present.  Column  13  gives  simply  the  reciprocal 
of  the  values  under  A  and  represents  the  number  of  pounds 
of  each  sample  which  would  be  required  to  furni.sh  100  lbs. 
of  actual  combustible  or  pure  coal  substance. 


The  Electric  Steam  Generator 

By  Horace  Drever 

Ei-ECTRic  Furnace  Construction  Co.,  90S  Chestnut  St..  Piiiladkupiiia.  Pa. 


Electric  generation  of  steam  has  been  developed  in  principle  and 
practice  to  a  definite  place  in  engineering  icork.-  Its  main  features 
are  settled.  It  has  been  proved  simple,  reliable,  and  safe  in  daily 
operation. 

It  may  be  profitably  utilized  in  localities  where  fuel  cost  is  high  and 
hydroelectric  power  is  available  on  a  low  firm-power  rate. 

This  device  may  well  be  used  by  central  stations  to  consume  their 
surplus  power,  and  by  others  who  have  surplus  power  under  a  firm- 
power  contract. 

Among  the  advantages  inherent  in  the  electric  steam  generator 
are  the  elimination  of  fuel  transportation,  storage,  and  handling; 
elimination  of  ashes,  smol^e.  or  dirt;  its  ready  adaptability  to  the  use 
of  surplus  power;  and  its  constant  readiness  for  service  without  large 
standby  losses.  It  can  be  located  where  it  is  most  desirable  and 
requires  a  minimum  of  attention.  Long  pipe  lines  are  unnecessary 
when  this  apparatus  is  used. 

A  LARGE  number  of  small-capacity  units  of  various 
tj'pes  of  the  electric  steam  generator  have  been  in 
use  for  several  years  in  Europe,  where  the  high  cost 
of  fuel  and  the  availability  of  hydroelectric  energy  offer 
extremely  favorable  conditions  for  such  equipment.  The 
large-capacity  units,  producing  up  to  2.500  boUer  h.  p.,  such  as 
are  now  in  successful  operation  on  this  continent,  however, 
are  entirely  due  to  the  independent  development  of  Mr.  F.  T. 
Kaelin,  of  Montreal. 

While  the  late  business  depression  made  available  a  large 
surplus  of  hydroelectric  power  in  many  localities  and  gave 
cause  for  the  installation  of  many  large  units,  the  actual 
operation  of  these  units  has  proved  that  even  where  power  is 
available  only  part  of  the  day,  the  installation  of  an  electric 
steam  generator  may  prove  a  paying  investment. 

In  fact,  it  is  quite  likely  that  users  of  hydroelectric  power 
who  are  operating  at  less  than  90  per  cent  load  factor,  and 
who  are  burning  coal  for  steam  purposes,  upon  investigation 

>  Received  April  5,  1922. 


will  find  that  a  definite  saving  may  be  made  by  the  conversion 
of  their  off-peak  power  into  steam. 

The  principles  underhing  the  electric  generation  of  steam 
are  simple  and  are  quite  well  known,  but  for  a  complete 
exposition  of  them  the  reader  is  referred  to  a  recent  paper  by 
F.  T.  Kaelin. 2  It  will  be  sufficient  for  the  purpose  of  this 
short  article  to  recapitulate  them  here.  Steam  is  generated 
by  passing  alternating  current  directly  through  the  water, 
which  is  heated  because  of  its  resistance  to  the  current. 
Usually  high-tension  power  is  employed.  The  amount  of 
heat  generated  liy  the  passage  of  1  kr\v.  hr.  of  electric  energy 
is  equal  to  3412  B.  t.  u.  The  heat  content  of  1  lb.  of  steam  at, 
say,  a  pressure  of  135  lbs.  per  sq.  in.,  is  1193  B.  t.  u.,  and,  if  we 
assume  a  feed-water  temperature  of  150°  F.,  the  total  heat 
to  be  suppUed  will  be  1193-(150-32)  or  1075  B.  t. u.  One 
kw.  hr.,  will  therefore  produce  3412/1075,  or  3.17  lbs.  of 
steam,  no  heat  loss  considered.  On  large  units  the  heat  loss 
is  very  small  and  the  thermal  efficiency  can  safely  be  taken  as 
98  per  cent.  On  this  basis,  one  kw.  hr.  will  produce  3.10 
lbs.  of  steam. 

Under  average  conditions,  1  lb.  of  coal  of  about  12,000 
B.  t.u.  evaporates  8  lbs.  of  water,  and  1  ton,  16,000  lbs.  of 
water.  The  electric  energy  required  to  evaporate  the  same 
amount  of  water  is  equal  to  16,000/3.10  =  5161  kw.  hr.  =  215 
kw.  days  =  0.59  kw.  jts.  =  0.8  h.  p.  year.  In  short,  215 
kw.  in  an  electric  steam  generator  are  equal  to  1  ton  of  coal 
per  day,  burned  under  average  conditions  of  boiler  efficiency. 
Since  the  boiler  horse  power  is  defined  as  the  evaporation 
of  34.5  lbs.  of  water  from  and  at  212°  F.  per  hr.  and  represents 
33,479  B.  t.  u.  per  hr.,  one  kw.  hr.  being  3412  B.  t.  u.  and  at 
an  average  efficiency  of  98  per  cent  equal  to  3344,  the  relation 
of  b.  h.  p.  to  kw.  hr.  is  almost  exactly  10  :1.  or  an  electric 
steam  generator  of  1000-kw.  capacity  is  equal  to  a  boiler  of 
100  b.  h.  p. 

■  "Generation  of  Steam  by  Electricity,"  /.  Eng.  Insl.  Canada,  Janu- 
ary 19,  1922;  see  also  F.  A.  Lidbury  and  F.  A.  Stamps,  "An  Electric  Steam 
Generator  for  Low  Voltoge,"  Trans.  Am.  EUarochem.  Soc.  40  (1921), 77. 
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Electric  steam  generators  have  been  built  recent h'  in  sizes 
up  to  25,000  kw.,  or  2500  b.h.p.  The  photographs  show 
several  verj"  sucfcssful  installations.    The  installation  is  inex- 


1...      :        -J.!..,:,     K-.1.       ^UU!)    li.    11.    r.    Ul.lXrKU;   SlXAM    GliNtKATuK    At 
I'APUX   MlU. 

Power  supply — 6600  volts — 3  phase;  pressure — 135  lbs. 

pensive  and  economical  of  space.  About  100,000  kw.  have 
been  installed  or  are  being  built  for  various  plants  in  Canada 
and  the  Unit«d  States. 

While  the  electric  steam  generator  is  of  too  recent  develop- 
ment to  enable  us  to  make  an  authoritative  forecast  of  its 
future,  we  can  indicate  certain  uses  and  ascertain  the  outlines 
of  its  economic  field.  European  practice  applies  this  type 
of  apparatus  to  the  paper  and  pulp  industries  in  Scandinavia, 
where  parallel  conditions  with  our  northern  states  and  Canada 
exist;  to  the  chemical  and  other  industries  of  the  Rhone  valley 
and  the  territory  contiguous  to  the  Alpine  water  powers. 

Briefly,  wherever  abundance  of  hydroelectric  power  and 
high-cost  fuel  go  Imnd-in-hand,  the  generation  of  steam  by 
electricity  is  probably  economical.  Such  conditions  are 
found  in  the  territories  mentioned  above  and  in  the  western 
United  States,  Brazil,  Chile,  and  Japan. 

A  Temperature  Expedient  durino  Periods  op 
Industri.^l  Slackness 

The  world  is  pa.ssing  through  a  period  of  subnormal  business 
8cti^•ity.  With  demand  for  their  output  below  the  capacity 
of  the  plant,  many  mills  are  forced  to  cut  costs  to  the  last 
cent  to  survive  at  all.  As  hydroelectric  power  bought  under 
a  firm  rate  is  usually  contracted  for  in  amount  to  take  care 
of  the  plant's  normal  rcf(uirpiiicnt,s,  some  of  this  is  being 
paid  for  but  not  used  when  the  mill  is  running  below  capacity. 
If  coal  is  t)eing  bunwd  to  provide  steam  for  drying  or  heating 
while  firm  power  is  going  to  waste,  although  paid  for,  the 
electric  steam  gcncriitor  ran  be  installed  to  use  the  excess 
power  and  save  the  cost  of  an  equivalent  amount  of  coal. 
Here  it  is  not  a  question  of  the  one  method  being  cheaper  than 


the  other,  but  one  of  saving  good  dollars  and  cents  that  are 
being  paid  out  when  there  is  already  a  means  at  hand  to  ac- 
complish the  purpose,  even  though  the  latter  is  the  more  ex- 
pensive method  under  normal  conditions. 

Instances  are  on  hand  to  prove  that  very  often  the  electric 
steam  generator  can  pay  for  itself  in  a  few  months  and  there- 
after save  the  coal  bill  when  conditions  are  such  as  outlined  in 
the  preceding  paragraph.  One  installation  saved  its  cost  in 
about  2  mo.,  and  is  now  helping  the  owner  to  meet  the  com- 
petitive conditions  of  the  period  by  the  saving  it  effects  in  the 
coal  bill. 

As  Au  Off-Pe.*^  Load 

The  importance  of  good  load-factor  to  power  stations  is 
undisputed  and  fundamental.  That  this  is  well  recognized 
is  shown  by  the  lower  rates  granted  by  many  central  stations 
for  night  loads.  By  installing  the  electric  steam  generator 
to  run  on  off-peak  power,  week-end  power,  etc.,  the  load- 
factor  of  the  system  can  be  boosted,  a  very  favorable  rate 
can  be  made,  and  all  parties  to  the  contract  will  be  benefited. 
In  this  case  the  steam  generator  will  be  used  as  auxiliary  to  the 
existing  boUer  capacity  of  the  plant.  There  seems  to  be  a 
very  bright  future  for  such  applications  in  many  hydroelectric 
systems. 

As  A  Replacement  op  Existing  Plant,  or  as  Alternative 
TO  New  Plant 

In  the  preceding  discussion,  the  generator  has  been  con- 
sidered without  regard  to  the  absolute  relative  costs  of  steam 


Fio.  2— Bailbv  Mstbr  Chart  from  Gsnbrator  Shown  in  Fio.  I,  Show- 
ing Rats  or  Stsam  Plow  and  Prsssurb 

produced  by  the  two  methods,  but  under  this  heading  these 
will  be  included.  Whenever  steam  is  used  for  any  purpose 
other  than  power,  the  fuel-burning  boiler  can  be  replaced  by 
the  electric  steam  generator,  provided  the  relations  of  cost 
are  in  favor  of  the  latter.  The  quality  of  steam,  its  pressure, 
and  the  amount  are  exactly  the  same  for  both  methods, 
with  the  one  exception  that  the  electric  generator  does  not 
deliver  superheated  steam.  At  first  sight  it  might  appear 
that  electric  power  would  have  to  be  e.xtremely  cheap  and 
coal  very  high  indeed  before  serious  consideration  could  be 
given  to  the  replacement  of  an  install.ation  of  coal  boilers. 
On  a  strictly  B.  t.  u.  basis,  1  lb.  of  coal  is  equal  to  about  4 
kw.  hr.,  but  when  the  relative  efficiencies  of  appUcation  are 
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Fig.  3—5000  Kw.— 500  B.  H 
Power  supply — 2200  volts- 


P.  Electric  Steai 
-3  phase:  pressure 


considered  the  difference  is  not  so  marked.  If  the  average 
efficiency  of  small  or  medium-sized  boiler  plants  is  taken  as 
65  per  cent,'  and  that  of  the  electric  generator  as  98  per  cent, 
we  find  that  1  lb.  of  coal  of  12,000  B.  t.  u.  is  equivalent  to 
2V3  kw.  hr.    Thus,  to  compete  with  coal  at  $10.00  per  ton 


Fig.  * — 1300  Kw. — 130  B.  H.  P.  Electric  Steam  Generator 
Power  supply — 2200  volts — 3  phase;  pressure — 125  lbs. 


•  Fernald  and  Orrok, 
Kreisinger,  "Saving  Coal  i 


'Engineering  of  Power  Plants,"  p.  158;  Henry 
Boiler  Plants,"  Universal  Eng.,  1919. 


on  the  cars  at  the  plant,  on  a  basis  of  fuel  cost  only,  electric 
power  would  have  to  be  as  cheap  as  2  mills  per  kw.  hr.  The 
element  of  fuel  cost  is  not  the  only  one  entering  into  the  prob- 
lem, however.  Labor,  interest  on  investment,  and  fixed 
charges  generally  will  be  much  greater  for  the  coal  plant 
than  for  the  electric  generator,  and  in  fact,  aside  from  power 
cost,  every  item  will  be  greater  for  coal  plants  than  for  the 
electric  generator.  One  man  can  easily  do  all  the  work 
connected  with  the  latter,  except  major  repairs,  for  units 
totaling  a.s  much  as  5000  b.h.  p.,  and  where  the  load  is  fairly 
constant,  one  attendant  can  operate  a  plant  of  twice  this  size. 

I — CoAu-FiRBD  Plant* 

(a)  Cost  of  plant:  ToTAia 

8-400  h.  p.  stoker-6red  boilers— J60» $182,000.00 

Buildings  and  stack 40,000.00 

Total  Investment (232,000.00 

(6)    Labor:'  No.  of       Hourly  Total  Cost 

Number  of  men  and  duties  Man  Hours    Rate  per  Day 
1    boiler    house    foreman    on 

shift 24  0.90  $21.60 

1  water  tender  on  each  shift. .  24  0.65  15.60 

1  foreman  of  coal  handling.  .  .  9  0.65  5.85 

2  coal  handlers  on  each  shift..  48  0.55  26.40 

1  ash  handler  on  each  shift.  .  .  24  0.55  13.20 

3  firemen  on  each  shift 72  0.65  46.80 

2  helpers  on  each  shift 48  0.65  26.40 

249  tl55.8S 

Yearly  cost,  365  days  X  $155.85 {56,885.25 

(c)  Fuel  cost:  At  an  average  boiler  and  furnace  efficiency  of  65  per  cent, 
the  plant  will  bum  about  60,000  tons  of  coal  per  year.  Assuming  this  coal 
costs  $10  per  ton  in  the  plant,  the  annual  coal  bill  will  be  $600,000.00. 

(d)  Fixed  charges  (interest,  depreciation,  taxes,  and  insurance)  will 
approximate  14  per  cent,'  or  a  total  yearly  charge  of  $32,480.00. 

Combining  the  various  items  and  making  allowances  for  maintenance 
and  supplies: 

Labor $  56,885.25 

Coal 600,000.00 

Fixed  charges 32,480.00 

Maintenance  and  supplies  (estimated).  6.000.00 

Total  Annual  Cost $695,365 .  25 

Power  for  operating  the  coal  and  ash  handling  machinery  should  legiti- 
mately be  charged  against  the  cost  of  coal,  but  no  account  will  be  taken  of 
it  here. 

II — Electric  Generator 

(a)   Cost  of  plant  including  necessary  feed  pump,  hot 

weU,  etc $41,000.00 

Building 12.000.00 

(6)  Labor:  $53,000.00 

l^man  per  shift  —  60c — 24  man  hrs.  =  $14.40  per 
day 

Annual  labor  cost,  365  X  14.40 $  5,256.00 

(c)   Power: 

1    b.  h,  p.    requires    approximately    13.4    e.  h.  p. 

3200  X  13.4  X  $15 $643,200.00 

(<0  Fixed  charges  will  be  taken  at  14  per  cent  of  the 
investment,  as  in  the  case  of  the  coal  boiler  plant 

14  percent  X  53,000 $  7,420.00 

Labor $     5,256.00 

Power 643,200.00 

Fixed  charges 7,420.00 

Maintenance 2,000.00 

Total  Annoal  Cost $657,876.00 

The  saving  in  favor  of  the  electric  generator  will  be  $695,365.25  —$657,876, 
or  $37,489 .  25,  which  sum  will  amortize  the  plant  in  less  than  2  yrs. 

«  Comparison  of  a  coal-fired  boiler  installation  and  an  electric  steam 
generator  in  a  typical  paper  mill.  The  coal  plant  will  consist  of  eight  400- 
h.  p.  boilers  equipped  with  natural  draft  stokers  and  coal  and  ash  handling 
apparatus.  The  figures  given  are  assumed  to  cover  an  average  plant, 
neither  the  worst  nor  the  best.  Coal  will  be  assumed  to  cost  $10  per  ton 
and  electric  power  $15  per  e.  h.  p.  year. 

»  Does  not  include  piping,  since  this  item  will  be  approximately  the 
same  for  both  types  of  plant. 

»  Loren  E.  Hibbard,  Tech.  Assoc.  Papers,  itix  series,  p.  19. 

'  Fernald  and  Orrok,  Loc.  cil.,  255;  "Standard  Handbook  for  Electrical 
Engineers." 
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The  Shatter  and   Tumbler  Tests  for  Metallurgical  Coke" 

By  S.  P.  Kinney'  and  G.  St.  J.  Perrott* 
SouTfiEKN  Experiment  St.^tion,  Bureau  of  Mines,  Tuscaloosa,  Alabama 


The  Bureau  of  Mines,  in  connection  with  its  uMrk  on  fuels,  is 
conducting  at  the  Southern  Experiment  Station  a  study  of  the 
physical  properties  of  metallurgical  coke  in  relation  to  its  production 
and  utilization.  In  connection  with  this  work,  a  study  of  present 
testing  methods  has  been  made.  This  paper  describes  a  series  of 
experiments  carried  out  to  determine  the  best  method  of  procedure 
and  the  reproducibility  of  duplicate  determinations  with  (/)  the 
machine  and  bag  shatter  tests,  and  (2)  the  tumbler  or  "hardness" 
lest.  Further  comparatice  work  is  in  progress  at  this  laboratory 
and  al  coke  plants   in  the  district. 

The  shatter  test  affords  a  measure  of  the  relatioe  resistance  of 
cokes  to  breakage  in  handling.  Single  determinations  by  this 
procedure  contain  an  average  error  of  I  to  3  per  cent,  depending  on 
the  character  of  the  coke  tested. 

It  is  recommended  that  several  screens  be  used  as  indicators  of 
the  shattering  e^ecl.  i.  e..  2-in.,  1 .5 -in.,  l-in..  and  0.5-in. 

Results  of  the  bag  shatter  test  are  in  fair  agreement  with  those  of 
the  machine  shatter  test  when  the  bag  is  dropped  four  times. 

The  effect  of  the  size  of  the  pieces  of  coke  in  the  sample  used  for 
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the  shatter  test  upon  the  absolute  and  relatioe  oalue  of  the  results 
obtained  should  be  further  studied. 

The  tumbler  barrel  or  "hardness"  test  as  al  present  carried  out. 
i.  e.,  employing  3-in.  to  2-in.  coke  and  reporting  the  result  as  the 
percentage  remaining  on  a  0.25-in.  screen,  has  no  meaning  when 
the  test  is  applied  to  cokes  of  varied  physical  properties.  It  may 
have  value  as  applied  to  the  daily  testing  of  coke  supplied  to  a  blast 
furnace  whose  coke  supply  is  not  subject  to  large  variations  in  re- 
sistance to  shattering. 

If  a  screen  analysis  from  2  in.  to  0.25  in.  be  made  after  the  tumbler 
test,  an  indication  of  the  quality  of  the  coke  is  obtained,  but  such 
data  indicate  no  property  of  the  coke  which  would  not  be  shown  by 
an  ordinary  shatter  test. 

If  the  tumbler  lest  be  carried  out  with  0.75-  to  0.25-in.  coke,  the 
percentage  remaining  on  a  0.25-in.  or  0.l7-in.  screen  after  the 
test  is  probably  indicative  of  the  resistance  to  abrasion.  This 
value,  however,  is  little  different  for  a  variety  of  cokes  and  its  meaning 
in  terms  of  blast  furnace  or  other  operation  is  by  no  means  clear. 


The  Shatter  Test 

THE  SHATTER  test  is  designed  to  show  the  resistance 
of  coke  to  breakage  in  handhng.  The  method  and 
apparatu.s,  substantially  in  its  present  form,  were 
dc\eloped  some  years  ago  by  D.  T.  Croxton  and  have  been 
<lescribed  by  Beldcn.'  Fig.  1  shows  the  machine  shatter 
test  apparatus  in  use  at  this  Station.  It  was  built  in  accord- 
ance with  tentative  specifications  formulated  by  Committee 
D-6  on  Coke,  from  a  blue-print  supplied  tlirough  the  courtesy 
of  the  Kopper:s  Company. 

In  tiie  test  procedure,  a  50-lb.  sample  of  coke  is  dropped 
four  times  from  a  height  of  6  ft.  upon  a  steel  plate.  The 
percentage  of  tiie  original  sample,  which  remains  on  a  2-in. 
square  mesh  screen  after  this  treatment,  is  reported  as  the 
shatter  test  result. 

.\n  altcniative  method  of  conducting  the  shatter  test  has 
l)cen  proposed  by  C.  R.  Meissner  of  the  Koppers  Company. 
In  this  method  the  procedure  is  identical,  except  that  the 
coke  is  placed  in  a  heavy  sulfate  bag  about  45  in.  long  by 
28  in.  wide  and  rolled  from  a  shelf  6  ft.  above  a  concrete 
floor  or  steel  plate.  Figs.  2  and  3  show  a  modification  of 
the  bag  shatter  test  used  in  our  work. 

Examination  of  the  test  procedure  sliows  need  for  con- 
aidemtion  of  the  following  points: 

I — Weight  of  sample  to  be  employed. 

2 — Method  of  sampling  and  size  of  coke  pieces  to  be  taken. 

3 — Mesh  of  screen  used  as  indicator  of  the  shattering  effect 
and  method  of  condiicting  the  screening. 

4 — Agreement  obtainable  between  results  of  duplicate  deter- 
minations, 

•  PrcMDtcd  before  the  Division  of  Industrial  and  Engineering  Chemistry 
■t  the  eSrd  Meetinf  of  the  American  Chemical  Society,  Birmingham,  Ala., 
AprU  3  to  7.  1022. 

•  Published  with  [>ermiuion  of  the  Director,  U.  S.  Bureau  of  Mines. 

•  AHitlanI  MeLilluntlcal  Chemist,  Southern  Experiment  Station, 
U.  S.  Bureau  of  Mines, 

«  Associate  Phy»ical  thrmi.it.  Southern  Eiperimcnt  Station,  U.  S. 
Bureau  of  Mints. 

•  ".Metallurgkal  Coke,"   Bur.   Mints.  Teik.  Paper  50  (1913),  39. 


The  Tumbler  Barrel  Test 

After  the  coke  is  discharged  into  the  bell  of  the  blast  furnace 
it  is  no  longer  subject  to  breakage  by  impact.  The  action 
is  then  one  of  slow  abrasion  as  the  coke  travels  down  the  fur- 
nace under  the  increasing  weight  of  the  burden  above.  A 
number  of  workers  have  developed  tests  designed  to  give  a 
relative  value  for  the  resistance  of  coke  to  mechanical  attri- 
tion in  the  furnace.  Although  there  is  considerable  varia- 
tion in  test  procedure,  all  the  methods  are  the  same  in  prin- 
ciple. A  weighed  sample  of  coke  is  placed  in  a  revolving 
drum  and  rotated  for  a  given  length  of  time.  Subsequent 
screen  analysis  gives  a  figure  said  to  indicate  the  friability 
of  the  coke,  a  value  not  necessarily  related  to  its  resistance 
to  shattering  by  impact. 

The  first  published  record  of  the  tumbler  test  occurs  in  a 
paper  bj'  Rossigneaux,^  who  states  that  a  revolving  drum  was 
used  for  testing  metallurgical  coke  at  Anzin  in  1883.  Ac- 
cording to  Siminersbath,'  drums  were  used  before  1904  for 
testing  coke  at  Jurjewska,  Germany;  in  Belgium  and  France 
similar  apparatus  containing  steel  balls  was  employed. 
Hewson'  describes  a  procedure  in  which  the  drum  contained 
steel  balls.  Cochrane'  gives  data  obtained  with  a  similar 
apparatus  containing  no  steel  balls.  This  author  carried 
out  daily  tests  of  the  coke  used  by  his  furnaces  for  a  nvmiber 
of  years  and  claimed  to  find  a  relation  between  test  results 
and  the  amount  of  iron  produced  by  his  furnaces  and  the 
blast  pressure  required.  The  English  workers  gave  the  name 
"hardness"  to  the  property  of  coke  measured  by  their  test. 

In  this  country  a  similar  apparatus  has  been  used  for  some 
time  by  Barrett  at  Youngstown  and  by  Rice'"  of  the  Betii- 
lehem  Steel  Company.  A  similar  "rumbler"  test  was  in  use 
in  the  Birmingham  district  some  ten  years  ago.    Rice,  using 

•  "Propri^tis   Physiques  et   Chemique  du   Coke   Metallurgie,"  Cfnie 
civil,  10  (1891),  0,  21. 

»  5/0*1  «.  iiiscn.  SS  (1913),  512. 

>J.  Soc.  CHem.  Ind..  ST  (1918),  60. 

*J.  Iron  Steel  Insl..  97  (1918),  141. 

'•  "Importance  of  Hardness  of  Blast  Furnace  Coke,"  Am.  Inst.  Mining 
Mel.  Eng.,  Preprint  No    lOM  (1921). 


Oct.,  1922 


THE  JOURNAL  OF  IX  DUST  RIAL  AND  ENGINEERING  CHEMISTRY 


an  apparatus  containing  stool  balls,  found  that  over  a  period 
of  months  a  low  hardness  nuinher  went  hand-in-hand  with 
high  blast  pressure  required  to  blow  a  given  volume  of  air 
through  tlie  furnace. 


Fig.  1 — Machine  Shatter  Test  Apparatus 

Drums  from  2  to  6  ft.  in  diameter  have  been  emploj'ed, 
and  coke  samples  of  25  to  900  lbs. 

The  tumbler  test  apparatus  used  at  this  laboratory  is 
substantially  the  same  as  described  by  Cochrane.'  The 
machine,  shown  in  Figs.  4  and  5,  consists  of  a  steel  drum  of 
0.25-in.  boUer  plate,  30  in.  in  inside  diameter  and  18  in.  in 
length.  The  drum  is  rotated  by  means  of  a  motor  connected 
to  a  standard  pitch  worm  gear  at  the  rate  of  18.6  r.  p.  m. 
The  current  to  the  motor  is  automatically  interrupted  after 
the  drum  has  made  1200  revolutions.  The  machine  is  set 
in  the  top  of  a  bin.  The  bin  discharges  on  to  a  set  of  circular 
screens  2  ft.  in  diameter  and  ha\-ing  the  foUo-n-ing  square 
openings  between  wires:  2-in.,  1.5-in.,  1-in.,  0..5-in.,  and 
0.25-in. 

A  25-lb.  sample  of  3-  to  2-in.  coke  is  placed  in  the  apparatus 
for  the  test,  the  cover  fastened  down,  and  the  drum  revolved 
1200  times.  In  the  subsequent  screen  analysis,  the  screens 
are  shaken  and  the  pieces  tested  separately  to  see  whether 
they  will  pass  the  openings  in  any  position.  This  procedure 
gives  a  more  definite  end-point  than  any  method  of  shaking. 
The  so-caUed  hardness  number  is  reported  as  the  cumulative 
percentage  of  the  original  sample  remaining  on  the  0.25-in. 
screen.  As  data  were  desired  on  the  choice  of  screens  to  be 
used  for  determining  the  hardness  number,  a  greater  number 
of  screens  were  used  than  employed  by  Cochrane. 
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Examination  of  the  test  procedure  shows  need  for  con- 
sideration of  the  following  points: 

1 — Weight  of  sample  to  be  employed. 

2 — Method  of  sampling  and  size  of  coke  pieces  to  be  taken. 

3 — Mesh  of  screen  used  as  indicator. 

4 — Agreement  obtainable  between  results  of  duplicate  deter- 
minations. 

5 — Duration  of  test. 

Coke  Samples  Tested 

The  greater  part  of  the  work  has  been  carried  out  on 
samples  of  coke  from  the  Birmingham  district.  Tests  have 
also  been  made  on  beehive  coke  from  the  Connellsville  dis- 
trict, on  by-product  coke  from  Honhain  coal,  and  on  by- 
product coke  from  Illinois  coal. 

TAB1.E  I — Description  op  Coks  Samples 


TypE  OP  Oven 


No.  1 

Koppcrs 

No.  2 

Beehive 

No.  3 

Scmet-Solvay 

No.  4 

Beehive 

No.  5 

Semet-Solvay 

No.  6 

Beehive 

No.  7 

Beehive 

No.  S 

Semet-Solvay 

No.  9 

Koppers 

Koppers 

No.  11 

Beehive 

Benham 

Wilputte 

Connellsville 

Beehive 

Illinois 

Roberts 

Pitch  coke 

Beehive 

Coal  Seam 

( 66%  Black  Creek 
(34%  Mary  Lee 

Milldale 

Mary  Lee 

Brookwood 

Brookwood  &  Milldale 

Pratt 

Mary  Lee 

Mary  Lcc 

Pratt 

Pratt 

Blue  Creek 
( 92.6%  Kcokcc 
(    7.5%  Pocahontas 

Pittsburgh 

No.  7 


Coke 

Alaba 

ma- 

No 

1 

No 

■i 

No 

a 

No 

4 

No 

s 

No 

(i 

No. 

7 

No. 

H 

No. 

9 

No. 

11) 

No. 

11 

Benha 

m 

Connellsvill 

Illinoi 

Pitch  coke 

Table  II — .\nalvsis  ok  Coke  Samples 

. Proximate .    . Ultimate 

Mois-  Vola- 
ture     tUe      P.  C.    Ash      H        C  N        O        S     : 

1.53  3.17  84.75  10.55  1.42  84.00  1.60  1.52  0.74 
0.20  0.90  88.57  10.33  0.56  86.79  0.65  0.80  0.85 

0.18  1.07  84.92  13.83  0.47  83.59  0.72  0.57   

0.50  1.35  86.62  11.53  0.53  85.72  0.82  0.47  0.87 
0.8     1.4     87.10  10.70  0.80  85.0     1.3     1.2     1.0 

2.39  1.03  85.5     11.06 1,27 

0.40  0.48  84.37  14.75 0.78 

3  02  2.92  81.30  12.76  0.70  84.21  1.19  0.88  0.72 
0.25  1.15  90.70  7.90  0.52  89.16  0.96  0.33  1.11 
0.50  2.68  87.74  9.08  0.84  87.14  0.74  1.04  1.10 
0.28  0.57  87.97   11.18  0.31  86.73  0.95  0.00  0.80 

0.9     0.9     91.7       6.5     0.7 

0.48  1.77  86.00  11.75  0.79  84.35  1.22  0.86  0.97 
1.3  1.4  86.0  11.3  0.3  86.2  0.4  0.8  0.9 
0.33  1.07  97.65  0.95  0.55  96.66  0.72  0.62  0.50 


12473 
12690 
12389 
12139 
12079 
13044 
12929 
12452 
13330 
12527 
12450 
14097 


Table  I  shows  the  character  of  the  coke  samples  tested. 
Table  II  gives  proximate  and  ultimate  analyses  of  the  cokes. 
Table  III  summarizes  data  obtained  on  physical  properties 
of  the  coke  samples.  True  density  was  determined  on 
material  ground  to  pass  a  200-mesh  screen.  Apparent  den- 
sity was  determined  on  1.75-in.  material  by  a  method  measur- 
ing the  volume  of  water  displaced  bj'  a  weighed  amount  of 
the  coke. 

Detailed  Data  of  Machine  and  Bag  Shatter  Test 
Determinations 

To  determine  the  agreement  obtainable  between  the  re- 
sults of  the  machine  and  bag  shatter  tests  and  the  agreement 
obtainable  between  duplicate  determinations  by  each  method, 
a  series  of  tests  was  run  on  two  by-product  cokes  made  in 
Alabama.  Part  of  these  tests  were  carried  out  at  the  labora- 
tory and  part  were  run  at  the  plant.  Sufficient  coke  to  nm 
from  five  to  ten  tests  was  taken  at  one  time  and  well  mixed 
on  the  floor  before  the  shatter  tests  were  made.  The  purpose 
of  the  tests  was  not  so  much  to  get  a  representative  sample 
of  the  coke  contained  in  the  bin  or  larrj'  car  as  to  secure  a 
large  well-mixed  pile  of  coke  from  which  identical  samples 
might  be  taken. 
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Table  III — Physicai,  Propbkties  of  Coke  Samples 


Coke 
AUbama; 

No.  1 

No.  2 

No.  3 

No.  4 

No.  6 

No.  6 

No.  7 

No.  8 

No  9 

No.  10 

No  11 
Bcoham 
Connellsville 
niinois 
Pilch  coke 

I  Method  I 
on  ■  0.25-in 

•  Method  I 


SpEcmc  Gravity        Poros- 
True  Apparent       iry 


88.4 
92.0 
90.5 
92.9 


1.91 
2.00 
2.13 
1.91 


1.85 
1.89 
1.84 
2.00 


0.96 


1.15 
0.98 
1.05 
1.14 
0.98 
0.81 
0.91 
1.02 
0.87 
1.16 


sine  3-  to  2-in.  coke;  result  reported  as  percentage  remaining 
screen. 
ninK  0.75-  to  0.25-in.  coke;  result  reported  as  percentage  re- 


Table  IV  gives  a 
condensed  record  of  the 
te.sts  made  with  both 
machine  and  bag  shat- 
1  '^r  procedure.  Con- 
hisions  to  be  drawn 
from  the  data  are  as 
follows: 

1 — Single  determina- 
tions by  the  shatter  test 
procedure  contain  an 
average  error  of  1  to  3 
per  cent  depending  on 
the  character  of  the 
coke.  Several  duplicate 
determinations  should 
be  made. 
2 — Results  of  bag  and  machine  shatter  tests  are  in  fair  agree- 
ment. 

3 — A  lower  shatter  test  value  is  obtained  when  full  length 
pieces  of  coke  are  used  than  when  a  run-of-oven  sample  is  taken. 
4 — Stock  coke  at  the  Scmet-Solvay  plant  has  not  deteriorated 
in  strength  as  measured  by  the  shatter  test. 

Table  IV— Summary  of  Shatter  Test  Rsstn-Ta 


Fio.  2 — B»o  SuATTBK  Test  Apparatus 


H 

J4 

H 

Qg 

>^t 

M 

u 

o 

o| 

a  y.^ 

Deviation 

ll 

a  "  „• 

FROM 

Mean 

Where 

Coke 

ll 

Av. 

Max. 

Tested 

Alabama: 

No.  8 

34 

F.L. 

M 

6 

71.8 

*1.0 

*  2.2 

34 

F.  L. 

B 

10 

68.9 

3.3 

12.9 

34 

R.  O. 

M 

13 

76.3 

3.0 

12.3 

34 

R.  O. 

B 

17 

77.3 

2.0 

5.7 

Bureau  of 

AUbama: 

Mines  Station 

No.  6 

IS 

F.  L. 

M 

9 

71.8 

0.9 

1.8 

16 

R.  0. 

M 

10 

69.6 

2.7 

6.6 

B 

8 

67.1 

1.7 

4.6 

15.5 

R.  O. 

M 

25 

61.9 

2.1 

8.1 

B 

23 

63.3 

1.5 

4.8 

15.5 

R.  O. 

M 

21 

63.6 

1.9 

6.0 

B 

25 

64.1 

1.8 

4.8 

16.6 

R.  O. 

M 

26 

62.6 

1.3 

4.0 

16. 5 

R.O. 

M 

23 

65.1 

0.8 

2.6 

At  plant 

25 

R.  O. 

M 

24 

65.0 

1.1 

4.0 

AUbama  No 

5: 

Stock 

coke' 

24 

R   O. 

M 

10 

67   4 

1.3 

2.0 

Stork 

coke' 

R.O. 

M 

10 

66.1 

0  9 

2.1 

F.  L.  indicates  that  pieces  of  coke  about  half  the  width  of  the  oven 
were  used  lor  the  test. 

R.  O.  indicates  that  runof-oven  coke  screened  over  a  2-m.  screen  was 
used  for  the  test. 

>  In  stock  pile  (or  one  year. 

■  In  stock  pile  lor  two  years. 

Table  V— DAar  Siiatteb  Test  Data  at  Byproduct  Plant 


(Alabama  No.  S) 

Number 

Mean  Monthly 

Deviation  of  Daily  Re- 

Month 

ol 

.Shatter  Test 

sults  FROM  Mean 

1021-22 

Tests 

Value 

Average             Maximum 

(k-loi.er 

15 

63.3 

*2.7                    *7.3 

23 

67.6 

8.0                       9.6 

27 

68.3 

2.4                       7.7 

lanu.trv 

30 

66. 5 

2.S                       6.6 

February 

20 

66.2 

3.4                       9.8 

March 

10 

67.0 

1.4                       3.0 

Table  V  shows  the  difficulty  of  drawing  conclusions  from 
a  single  shatter  test  determination.  The  table  gives  con- 
densed data  from  the  daily  shatter  test  records  of  a  by- 
product plant.  One  shatter  test  is  made  each  day  at  this 
plant  under  normal  conditions.  Daily  results  show  a  some- 
what higher  deviation  from  the  mean  value  for  the  month 
than  is  shown  in  the  experiments  run  by  the  writers  on  coke 
from  a  single  oven.  This  indicates  that  there  is  probably 
some  real  difference  in  the  quality  of  the  coke  from  day  to 
day,  but  the  difference  is  e\ddentally  too  small  to  be  detected 
by  a  single  determination. 

Table  VI — Machine  Shatter  Tests  with  Sized  Coes 
Through  3-in.'pn  2-in.  screen 
Ala.  No.  8  (Av.  of  18  tests)     Ala.  No.  5  (Av.  of  9  tests) 
(150  pieces  in  50-lb.  sample)   i(170  pieces  in  60-lb.  sample) 
On        2-in.      1.5-in.     1-in.      0.5-ln.     2-in.      I.5-ii 


Screen  analysis 
after  test, 
cumulative 
per  cent  7 

Deviation  of 
single  deter- 
mination 
from  mean: 

Average 


.7Ji74.3 


1-in. 


.1       95.3       98.2 


■=2.1 


1.1 


0.8 


2.9 

Through  5-in.,  on  3-in.  screen 
Ala.  No.  8  (Av.  of  9  tests)        Ala 
(47  pieces  in  50-lb.  sample) 
2-in.       1.5-in.     1-in.     0.5-in 


Ala.  No.  5  (Av.  of  9  tests) 
(60  pieces  in  501b.  sample) 
!-in.       1.5-in.     1-in.      0.5-in. 


75.8       86.1       92.8 


.2     71.8     86.0       94.0     98.0 


Screen  analy 
after  test, 
cumulative 
per  cent 

Deviation  of 
single  deter- 
mination 
from  mean; 


Table  VI  shows  a  series  of  tests  made  on  coke  sized  to 
pass  a  3-in.  and  remain  on  a  2-in."  screen  and  to  pass  a  5-in. 
and  remain  on  a  3-in.  screen.  These  determinations  were 
made  in  the  hope  of  securing  more  reproducible  results, 
on  account  of  the  increased  number  of  pieces  in  the  50-lb. 
sample  and  the  uniformity  obtained  by  the  closer  sizing. 


Results  indicate  somewhat  better  reproducibility.  The 
interesting  development  from  these  tests  lay  in  the  data 
obtained  when  the  material  passing  a  2-in.  screen  after  the 
shatter  test  was  subjected  to  further  screen  analysis.  It 
wiU  be  seen  that  whereas  Cokes  8  and  5  show  7G  per  cent  and 
72  per  cent,  respectively,  on  the  2-in.  screen,  the  value  on 
the  1.5-in.  screen,  86  per  cent,  is  identical  for  the  two  cokes. 
When  the  0.5-in.  screen  is  used  as  the  indicator  of  the  shat- 
tering efifect,  we  find  that  96  per  cent  of  Coke  8  remained  on 
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the  screen  as  against  98  per  cent  of  Coke  5.  The  producer 
of  Coke  5,  on  being  reproached  for  the  inferiority  of  liis 
product,  might  well  point  out  that  screening  on  a  2-in.  screen 


Fig.  4 — Tumbler  Tbst  Apparatds 

is  a  more  or  less  empirical  procedure  and  that  his  coke  showed 
less  material  passing  the  0.5-iii.  screen  than  did  Coke  8.  It 
is  therefore  believed  desirable  to  use  a  number  of  screens 
as  indicators  of  the  resistance  to  shattering. 

Table  VII  compares  shatter  test  results  on  four  cokes  where 
the  material  after  the  test  has  been  subjected  to  screen  analy- 
sis. This  table  indicates  the  desirability  of  using  the  four 
screens,  for  it  shows  that  Cokes  8  and  5  differ  little  in  resis- 


TaDLII  VII — COMPASISON  Or  SlIATTlIK  TK9T  RUSULTS  WHEN  PoOl  ScllUKNS 
Am    EMI-kOYSD 

Screen  AoalyaU  alter  Teat,  Cumulative  Per  cent 

CoKil                  On    2-in.                 l.S-in.                1-in.  0.6-ln. 

Alabama  No.  8                  75.8                    88.1                  02.8  gO.2 

Alabama  No.  6                  71.8                    86.0                  04.0  08.0 

Benham                                  59.0                     72.8                   83.7  04.0 

Illinois                               41.6                   62.0                81.2  06.0 

tance  to  shattering,  while  the  Benham  and  Illinois  cokes 
are  more  fragile,  whate\er  screen  is  employed  as  indicator. 

It  is  not  believed  advisable  to  change  the  design  of  the 
present  apparatus,  although  more  reproducible  results  would 
no  doubt  be  obtained  if  a  larger  apparatus  and  correspond- 
ingly larger  sample  of  coke  were  employed.  From  two  to 
five  duplicate  determinations  (the  number  depending  oa 
the  variation  between  duplicate  test  results  with  the  coke 
in  question)  should  be  made. 

We  desire  a  value  from  the  shatter  test  procedure  wliich 
will  show  the  intrinsic  merit  of  the  coke,  a  value  by  which 
cokes  varying  widely  in  physical  characteristics  may  be 
compared.  From  our  data  it  is  evident  that  attention  should 
be  paid  to  the  size  of  coke  pieces  taken.  For  example, 
the  shatter  test  value  on  Coke  8  was  72  per  cent  when  pieces 
half  the  width  of  the  oven  were  used  and  76  per  cent  when 
run-of-oven  coke  was  used.  If  the  run-of-oven  coke  had 
been  handled  more  before  the  test,  this  result  might  have 
been  still  higher. 

The  size  and  number  of  the  large  or  "full  length"  pieces 
vary  considerably  between  different  plants.  The  advis- 
ability of  employing  a  standard  size  should  be  considered. 
For  the  present,  lacking  the  large  amount  of  data  necessary 
to  determine  the  effect  of  sizing  on  the  absolute  and  relative 
value  of  the  shatter  test  result,  it  is  recommended  that 
large  pieces  about  half  the  width  of  the  oven  be  employed. 
With  beehive  coke,  pieces  7  to  10  in.  in  length  should  be  used, 
the  sample  being  obtained  as  recommended  in  the  tentative 
specifications  of  Committee  D-6. 

In  screening  the  coke  after  the  shatter  test,  it  has  been 
found  best  to  put  through  the  screen  all  pieces  which  will 
go  through  in  any  position.  This  procedure  has  given  a 
better  reproducible  value  than  any  method  of  shaking. 

Detailed  Data  of  Tumbler  Test  Determinations 

The  large  samples  of  coke  used  for  shatter  test  deter- 
minations were  employed  in  making  the  tumbler  tests.  In 
the  tentative  specifications  of  the  A.  S.  T.  M.,  coke  for  the 
test  is  sized  to  pass  a  3-in.  and  remain  on  a  2-in.  square  mesh 
screen.  Owing  to  the  difficulty  experienced  with  Coke  8 
in  duplicating  results  when  this  size  coke  was  employed, 
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a  scries  of  tests  wa.s  made  with  various  sizes  of  coke.  A 
number  of  exi)eriments  were  made  to  investigate  the  possi- 
bility of  decreasing  the  time  required  for  the  test. 

Groups  of  five  to  fifteen  samples  were  prepared  at  the 
same  time.  Large  pieces  were  broken  to  pass  the  3-iii.  screen 
and  remain  on  the  screen  chosen  for  the  lower  limit.  The 
sample  was  well  mixed  and  2.5-lb.  portions  were  weighed  out 
for  the  tests. 

TabLB  VIII— St'MMARY  OF  TuMBLER  TEST  DATA 

Av.  Diara- 
No.  of  Scrcpn  Analysis  after  Test,   eter  o(  Coke 

Deter-  Accumulative  Per  cent  on  Pieces 

mina-  Screen  after  Test 

Com         lions        2in.    1..5-in.    1-in.  0.5-in.  0.25-in.     In.          Remarks 


No.  So 
No.  &b 
No.  1' 


No.  5< 

No.  6 

No.  7 

No.  8 

No.  9 

No.  10 

No.  11 
Benham 
ConncUsville 
Illinoi9 
Pitch  coke 


12.7 
10.0 
15.1 
12. S 
12.2 
12.3 
10.6 
18.1 


57.4 
50.5 
51.2 
54.2 


09.9 
71.0 
65.6 
60.1 
72.5 
68.7 
6S.6 
65.7 


1.15 


67.0 
74.7 
72.5 
70.7 
67.6 


43.3     57.7     69  5     71.1      1.24 


16.5-hr.  coke 
16-hi.  coke 
15.5-hr.  coke 
24-hr.  coke, 

in  stock  1 

year 
25-hr.  coke 


14.9 
IS  2 
11.0 
18.1 
2.6 
37.6 


59.4 
59.1 
57.3 
54.0 
61.4 
41.8 
52.8 
33  6 


65.6 
69.2 
68.5 
72.5 


71.1     75   1     75.3 


73.6 
71.4 
73.6 
73.6 
67.9 
73.0 
72.8 
70.6 
77.5 
75.6 


0.99 
1.16 
0.85 
1.16 


CoKB  minations 

Alabama  No.  8  13 

Alabama  No.  5  18 

Benham  5 

Illinois  8 

>  Percentase  of  original 


minations  from  Mean 
Average         Maximum 


Table  IX — Rbphoducidiutv  of  Tumdler  Test  Determinations 

Deviation  of  Single  Deter- 
No.  of  Deter-     Mean  "Hard- 
ness" No.' 
73.5 
70.7 
72.8 
77.5 
raple  remaining 


ikl.2 

0.4 

0.9 

0.6 

1  0.25-in. 


t2.5 
0.9 
2.3 
2.0 


test. 


Table  X— Tt-un 


No. 
SllS  OF  Coke  Ala. 
Through  On     No.  8 


Percentage  of  original 
'  Percentage  of  original 


Tabl*  XI — Effect  of  Dur. 
f 
Time  Rotated — Minutes  15 
On  2  in  : 

Alabama  No.  8 

Alabama  No.  5 


lample  remaining  on  0.2.'>-in.  screen  after  test, 
ample  remaining  on  0.17-in  screen  after  test. 


Table  VIII  summarizes  results  obtained  with  the  standard 
procedure,  using  3-  to  2-in.  coke.  Figures  in  the  column 
headed  "0.2.5-in."  give  the  "hardness  number"  as  usually 
reported.  Table  IX  shows  the  reproducibility  obtainable 
with  duplicate  determinations.  Table  X  summarizes  results 
obtained  when  various  sizes  of  coke  were  employed.  Table 
XI  shows  the  effect  of  the  duration  of  the  test.  The  rotation 
of  the  drum  was  stopped  at  intervals  of  15  min.  over  a  period 
of  120  min.  and  the  usual  screen  analysis  made.  The  entire 
sample  was  put  back  in  the  apparatus  after  each  screening. 

The  tumbler  test  procedure  seems  capable  of  producing 
more  duplicable  results  than  does  the  shatter  test  procedure, 


mil 

1  1.6-io.: 
Alabama  No.  8 
Alabama  No.  6 


46.1 
34.8 

8.8 


66.7 
68.7 
38.6 
On  I-in.: 

Alabama  No.  8  78.4 
Alabama  No.  6  76.9 
Illinoii  M.6 

On  0  .'i  in.; 

Alabama  No.  8  87. 3 
Alabama  No.  6  85.8 
llliixjii  81   5 

On  n  J  .  m 

Alabama  No.  8  88  N 
Alabama  No.  S  87  7 
Illinois  88.3 

Average  site  of  material 
•Iter  teat.  Inchea: 
Alabama  No.  8  1.7.'. 

Alabama  No.  6         1.C4 
1.14 


55.2 
48.8 
19.0 


24.6 
11.8 
1.7 

40.1 
39.4 
12.6 

eo.fi 

87.8 
33.9 


12.2 
2.8 
0.7 


30.2 
32.9 
7.9 


34.5 
26.4 
S.6 

49.8 
46.6 
23.2 

64.2 
60.3 
62.1 


9.9 
2.8 
0.6 

27.8 
18.6 
2.8 


24.7 
16.1 
2.7 


19.4     IS. 8     13.2 


82.3 
81  8 


78.8 
72.9 
76.8 


60.4 
55.0 
67.9 

62  1 

87.7 
63.8 


66.2  52.9 
62.6  49.2 
54.4     61.0 


67.8 
64.4 

60.3 


64.8 
61.0 
56.8 


1.81  1.33  1.17 
1.37  1.18  1.02 
0.96    0.S8    0.74 


1.06  0.00  0.01  0.84 
0.90  0.81  0.76  0.69 
0.68     0.63     0.68     0.56 
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SQU/IKe  HCSH  SCKlfN,  1/1/ 
Fic.  6 — Scrken  Analysis  of  Cokes  after  Tomdler  Barrel  Test 

the  result  probably  of  smaller  and  closer  sizing  of  the  sample 
and  the  duplicable  mechanical  nature  of  the  test. 

As  seen  from  Table  XI  reducing  the  upper  size  limit  (1) 
gives  somewhat  more  reproducible  results  with  Coke  8  but 
does  not  increase  the  reproducibility  with  Coke  5;  (2)  gives 
results  for  the  two  cokes  which  show  a  decreasing  difference 
until  the  0.75-  to  0.25-in.  size  is  reached,  where  results  for 
both  cokes  are  practically  identical;  and  (3)  gives  results 
whose  values  arc  increasingly  higher  as  the  size  of  the  material 
tested  is  diminished. 

Tlie  data  in  Table  XI  suggest  that  two  factors  determine 
the  amount  of  coke  broken  to  pass  the  0.25-in.  screen:  (1) 
impact,  and  (2)  abrasion.  The  smaller  the  size  of  the  coke 
pieces,  the  less  will  be  the  effect  of  impact  and  consequently 
the  higher  will  be  the  "hardness"  number  or  the  percentage 
of  coke  remaining  on  a  0.25-in.  screen  after  the  test.  This 
suggests  further  that  a  coke  which  shatters  easily  and  is 
brokin  into  small  pieces  early  in  the  test  period  may  come 
through  the  test  with  a  very  high  percentage  remaining  on 
the  0.25-in.  screen.  The  crushing  due  to  impact  of  the  large 
pieces  will  have  been  eliminated  early  in  the  procedure 
mthout  necessarily  crushing  a  large  amount  of  the  coke 
sufficiently  fine  to  pass  a  0.25-m.  screen.  This  suggests, 
further,  that  the  tumbler  test,  as  at  present  made,  has  little 
\'aluc  as  a  criterion  for  judging  a  variety  of  cokes. 

Table  VIII  and  Fig.  G  bring  out  this  point  very  clearly. 
If  judged  according  to  the  standard  procedure  for  the  tumbler 
test,  we  should  say  that  the  Illinois  coke  was  extremely  hard 
since  it  shows  77.5  per  cent  remaining  on  the  0.25-in.  screen. 
However,  we  note  that  only  15  per  cent  of  the  Illinois  coke 
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was  larger  tlian  1.5  in.  after  the  test,  as  against  30  to  CO  per 
cent  of  the  other  cokes.  As  shown  by  tlie  interval  tests  in 
Table  XI,  the  Illinois  coke  broke  up  much  more  rapidly 
during  the  first  15  niin.  Tlie  "average  size"  figures  in  Tables 
VIII  and  XI  wore  calculated  for  the  purpose  of  indicating 
by  a  single  value  the  result  of  the  screen  analysis." 

Comparison  with  the  shatter  test  data  makes  it  appear 
doubtful  whether  the  screen  analyses  of  tlie  tumbler  test 

>'  Specimen  calculatton  of  average  size. 


BSHHAU 

Coke 

Per  cent 

on  Screen 

Av 

.  Diameter.  Ir 

2-in. 

11.0 

X 

2.5 

= 

0.28 

1.5-in. 

14.4 

X 

1.7.5 

o 

0.25 

l-in. 

16.4 

X 

1.25 

= 

0.21 

0.5-in. 

27.4 

X 

0.75 

=s 

0.21 

0.25-ln. 

3.6 

X 

0.38 

E3 

0.01 

0.25-in. 

27.2 

X 

0.13 

= 

0.03 

AVBRAGH   DiAM 

ETER 

0.99 

material  show  any  property  of  the  coke  not  indicated  by  tlie 
sliattcr  test.  Certainly  the  test  aa  at  present  made  and 
reported  as  tiic  percentage  remaining  on  the  0.25-in.  screen 
lias  little  meaning  when  applied  to  cokes  of  varied  physical 
properties. 

If  the  abrasive  factor  alone  is  to  be  considered,  it  would 
seem  best  to  use  small-sized  coke,  e.  g.,  0.75-  to  0.2.5-in.,  and 
to  eliminate  tiie  baffles  in  the  apparatus.  The  variation  in 
this  value  between  tiie  cokes  tested  is  not  large,  as  seen  in 
Table  III,  and  it  is  doubtful  whether  it  has  a  meaning  in 
terms  of  blast  furnace  or  other  operation. 
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Sugar  Formation  in  a  Sulfite  Digester"' 

By  E.  C.  Sherrard*  and  C.  F.  Suhm 

Forest  Products  Laboratory.  Departsient  oi>  .\criculture,  Madison.  Wisconsin 


The  results  of  the  following  investigation  indicate  that  the  rate  of 
sugar  formation  is  influenced  chiefly  by  the  temperature  and  con- 
centration of  free  sulfur  dioxide.  Time  is  also  a  factor  since  pro- 
longed cooking  increases  the  sugar  production  but  at  the  expense  of 
the  cellulose. 

IN  A  PREVIOUS  paper^  on  the  manufacture  of  ethyl 
alcohol  from  waste  sulfite  liquor  the  desirability  of  in- 
vestigating the  rate  of  sugar  formation  in  the  digester 
was  pointed  out.  It  is  known  that  in  commercial  practice 
a  marked  fluctuation  occurs  in  the  sugar  content  of  waste  sul- 
fite liquor,  a  condition  that  is  highly  detrimental  to  the 
alcohol  process.  This  variation  seems  to  be  influenced  by 
concentration  of  raw  acid,  the  sugar  content  of  the  liquor 
Viirjang  between  1.94  and  2.80  per  cent  in  ^\-inter,  and  be- 
tween 1.65  and  2.20  per  cent  in  suiniuer.  For  the  ethyl 
alcohol  process  to  be  commercially  profitable  it  is  necessary 
at  all  times  to  obtain  the  ma>dmum  quantity  of  sugar  with  a 
minimum  loss  of  pulp.  Tliis  investigation  was  undertaken 
with  the  idea  of  determining  the  rate  of  formation  of  sugar 
during  the  pulping  process  and  of  determining  the  effect  of 
sugar  formation  upon  the  quality  of  the  pulp.  An  excellent 
opportunity  was  afforded  for  such  a  study  since  the  Section  of 
Pulp  and  Paper  of  the  Forest  Products  Laboratory^was  en- 
gaged in  investigating  the  quality  of  pulp  produced  from 
white  spruce  by  the  MitscherUch  process.  All  data  con- 
tained in  this  paper  relating  to  the  pulp  itself  arc  taken  from  a 
paper  by  Miller  and  Swansen,  which  was  preseuted_before  the 
Technical  Association  of  Pulp  and  Paper  Manufacturers  in 
New  York  City  on  April  10,  1922. 

One  of  the  difficulties  that  such  a  study  has  always  en- 
countered has  been  the  lack  of  accurate  information  concern- 
ing the  volume  of  liquor  contained  in  the  digester,  owing  to 
the  use  of  direct  steam  which  causes  a  dilution  to  occur  dur- 

'  Presented  before  the  Section  of  Cellulose  Chemistry  at  the  63rd  Meet- 
ing of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7,  1922. 

>  From  a  thesis  to  be  submitted  in  partial  fulfillment  of  the  require- 
ments for  the  degree  of  Master  of  Science,  University  of  Wi; 

'  Published  with  permission  of  the  Department  of  Agricultu 

*  Chemist,  Forest  Products  Laboratory,  Madison,  Wis. 

'  Sherrard  and  Blanco,  Pater,  24,  No.  17  vl919),  746. 


ing  the  digestion.  It  has  also  been  difficult  to  obtain  accu- 
rate samples  from  the  blow  pit  because  of  dilution  by  the 
wash  water.  In  this  case  accurate  data  were  obtained  in 
each  cook  as  to  the  dry  weight  of  the  wood  used  and  the  quan- 
tity of  Uquor  in  the  digester  at  the  time  of  sampling.  All 
of  these  cooks  were  carried  out  on  white  spruce  wood  in  an 
experimental  digester  ha\dng  a  capacity  of  50  lbs.  of  pulp. 
Sugar  determinations  were  made  by  means  of  Fehling's  so- 
lution, with  subsequent  electrolytic  deposition  of  the  copper 
at  intervals  of  1  or  2  hrs.,  during  the  progress  of  8  cooks  in 
which  the  conditions  such  as  the  concentration  of  sulfur  diox- 
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ide — total,  free,  and  combined — temperature,  and  pressure 
were  held  as  nearly  constant  as  possible.  These  cooLs  were 
blown  after  different  periods  of  time  in  order  to  study  the 
progress  of  the  reaction  in  respect  to  the  quality  of  the  pulp 
and  the  quantity  of  total  reducing  sugar.  The  average  per 
cent  of  total  reducing  sugar  for  all  cooks  at  a  given  hour  is 
plotted  against  time  in  Fig.  1.  The  total  sugar  is  designated 
as  glucose  (Dj),  since  it  was  determined  in  terms  of  glucose 
by  means  of  Fehling's  solution. 

The  first  sugar  determination  at  the  4th  hr.  indicated  that 
but  little  sugar  forms  before  a  temperature  of  100°  C.  is 
reached.  From  this  point  the  rate  of  sugar  formation  in- 
creased with  the  steam  pressure  to  about  the  7th  hr.  at  wliich 
time  the  rate  of  sugar  formation  rose  more  rapidly.  The 
cook  blown  at  the  7th  hr.  contained  chips  somewhat  lighter 
in  color  than  before  cooking,  but  the  wood  had  not  at  this 
point  lost  its  original  form.  From  the  7th  to  the  9th  hrs.  the 
rate  of  sugar  priKluction  was  even  greater  and  it  was  during 
thi.s  period  that  the  chips  began  to  disintegrate.  The  partly 
pulped  material  was  not  screenable  at  the  9th  hr.  and  re- 
quired beating  before  it  could  be  nm  into  a  sheet.  In  most 
cases  the  sugar  continued  to  increa.<e  at  about  the  same  rate 
until  the  10th  hr.,  after  which  the  reaction  slowed  down 
appreciably,  although  the  trend  was  still  sharply  upward. 
The  l>ci.t  quality  pulp  was  obtained  at  the  11th  hr.,  at  which 
time  the  average  quantity  of  sugar  produced  corresponded 
to  1 1  per  cent  of  the  dry  weight  of  the  original  wood.  Those 
cooks  that  were  carriwl  beyond  the  1 1  th  hr.  produced  pulps 
that  were  of  inferior  quality  both  in  color  and  strength. 
Apparently  con.sidpr:ible  hydrolysis  of  the  cellulose  occurred 
after  the  12th  hr.  since  a  cook  of  IS'A  hrs.  gave  the  lowest 
yield  of  screened  pulp  of  any  of  this  series.  During  the  12th 
and  13th  hrs.  the  rate  of  sugar  profluction  was  much  less, 
although  at  no  time  did  the  per  cent  of  sugar  become  constant. 

It  is  of  interest  to  note  the  rate  at  which  lignin  was  re- 
moved compared  with  the  rate  of  sugar  formation.  As  will 
be  noticed  from  Fig.  1,  these  curves  almost  parallel  each 


other  until  about  the  8th  hr.,  at  which  time  the  removal  of 
the  Ugnin  became  much  more  rapid.  When  the  maximum 
quantity  of  lignin  (about  90  per  cent  of  the  total)  had  been 
removed,  the  quantity  of  sugar  formed  corresponded  to 
about  12  per  cent  of  the  dry  weight  of  the  wood. 

Fig.  2  contains  typical  curves  indicating  variations  in 
temperature,  steam,  and  gage  pressure,  suKur  dioxide  as 
total,  free  and  combined,  and  per  cent  of  sugar  (Dx)  based 
on  the  dry  weight  of  the  wood. 

The  above  cooks  were  carried  out  using  a  concentration 
of  sulfur  dioxide  that  averaged  3.80  per  cent  total,  of  which 
2.39  per  cent  was  free  and  1.41  combined.  A  single  cook  was 
also  carried  out  in  wliich  the  total  sulfur  dioxide  content  was 
5.60  per  cent,  composed  of  4.46  per  cent  free  and  1.14  per  cent 
combined.  The  variables  in  this  cook,  such  as  pressure, 
temperature,  etc.,  are  shown  in  Fig.  3.  Here  again  it  was 
noted  that  but  little  sugar  was  fonned  before  a  temperature 
of  108°  C.  was  reached.  With  the  increased  quantity  of 
sulfur  dioxide  the  rate  of  sugar  formation  was  much  more 
rapid  after  the  4th  hr.  than  in  the  previous  series  and  the  final 
yield  of  total  reducing  sugar  was  16  per  cent  of  the  dry  weight 
of  the  original  wood.  This  increase  of  about  3  per  cent 
sugar  was  ofifset  by  about  a  2  per  cent  loss  in  the  cellulose 
yield.  The  quality  of  pulp  produced  in  this  cook  was  the 
best  obtained  in  any  of  the  experiments  and  compared  favor- 
ably with  the  best  commercial  product.  It  is  our  intention 
to  continue  the  investigation  of  the  effect  of  increased  quanti- 
ties of  sulfur  dioxide  on  the  sugar  formation  in  both  the 
MitschcrUch  and  Ritter-Kellner  jirocesscs. 


An  "Association  of  Manufacturers  of  Non-Corrodible  and 
Anti-Corrosive  Products"  is  being  organized  in  England  by  firms 
making  stainless  steel,  anti-corrosive  paints,  boiler  preservatives, 
and  the  like.  It  is  proposed  that  the  association  shall  act  as  an 
institution  of  anti-corrosion  engineers  and  also  as  a  chamber  of 
commerce  for  firms  making  any  material  or  appliance  connected 
with  the  prevention  of  corrosion.  A  public  exhibition  of 
noncorrodible  and  anti-corrosive  products  is  planned  for  the 
near  future. 


Oct.,  1922 
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The  Chemistry  of  Wood'"' 

IV — The  Abalysis  of  the  Wood  of  Eucalyptus  globulus  and  Pinus  monticola 

By  S.  A.  Mahood  and  D.  E.  Cable 

FoRBST  Products  Laboratorv,  Dspartusnt  oi'  Aqkicdlturu,  Madison,  Wiscohsih 


IN  THIS  article,  which  is  the  fourth  of  a  series  by  the 
Forest  Products  Laboratory  on  the  chemistry  of  wood, 
the  analysis  of  two  new  species  is  reported.  The  method 
of  analysis  employed  in  the  earUer  work  has  been  followed 
closely,  except  for  a  modification  of  the  method  of  preparing 
a  sample  for  analysis  and  the  inclusion  in  the  analysis  of 
methods  for  determining  lignin  and  alpha-,  beta-,  and  gamma- 
cellulose,  which  progress  in  the  subject  seems  to  justify. 

Recent  investigations  in  wood  chemistry  have  been  made 
by  Johnson  and  Hovey'  and  Dore*  in  this  country  and 
Schwalbe  and  Becker'  and  Konig  and  Becker'  in  Europe. 
A  proximate  summative  analysis  of  some  California  woods 
has  been  made  by  Dore.  The  values  obtained,  however, 
are  not  strictly  comparable  with  ours,  on  account  of  differ- 
ences in  the  methods  employed. 

It  is  desirable  to  determine  as  many  well-defined  spUtting 
products  of  wood  as  possible,  but  until  further  progress  is 
made  in  that  direction  the  summation  of  the  values  obtained 
in  an  analysis  appears  to  be  of  secondary  importance.  To 
merge  the  well-defined  methoxy  and  acetyl  groups  into  the 
ill-defined  "proximate  constituents,"  lignin  and  ceUulose, 
would  seem  to  reverse  the  order  of  progress,  unless  these 
"proximate  constituents"  are  further  analyzed,  as  in  the  more 
recent  work  of  Dore.' 

Sampunq 

The  diflaculties  encountered  in  obtaining  wood  in  a  form 
suitable  for  analysis  have  been  pointed  out  in  a  pre\'ious 
paper.*  It  is  believed  that  the  80-  to  100-mesh  ground 
sawdust,  the  preparation  of  which  is  described  there,  fulfils 
the  requirements:  (1)  of  being  a  sufficiently  representative 
sample,  and  (2)  of  affording  material  which  will  be  uniformly 
attacked  by  reagents  and  which  can  be  manipulated  with 
facihty  in  the  course  of  the  analysis. 


For  the  purpose  of  determining  the  variations  in  results 
that  might  be  occasioned  by  this  change  in  the  material  an- 
alyzed, comparable  runs  were  made  on  samples  of  Eucalyptus 
globulus  in  each  form.  The  results,  exclusive  of  the  cellulose 
determinations  which  are  fully  considered  in  the  paper  al- 
ready referred  to,  are  given  in  Table  I. 

It  will  be  noted  that  the  significant  differences  between 
the  results  in  the  two  series  are  found  in  those  determinations 
where  surface  contact  and  hence  the  size  of  particle  comes 
into  play,  i.  e.,  the  solubility  determinations,  while  the 
determinations  involving  partial  or  complete  decomposition 
of  the  wood  give  concordant  results.  The  variations  in  the 
values  for  pentosan  and  methyl  pentosan  are  probably  due  to 
variations  in  the  extraction  of  the  latter. 

The  somewhat  greater  solubility  in  hot  and  cold  water 
of  the  material  which  seemed  in  the  main  the  coarser  of  the 
two  led  us  to  sift  the  40-mesh  sawdust  and  determine  the 
solubiUty  of  the  different  fractions.  The  results  are  given  in 
Table  II. 

Tablb  II — Eppect  of  Sizb  on  Cold  Water-Soucblb  Dbtsrhinatiom 
Soluble  in      Weight  X  Per 
Weight  of  Cold 

Fraction 
Mesh 
40-60 
60-80 
80-100 
100-120 
120 

1 
Weighted  average  solubility 

The  increase  in  solubility  shown  may  be  due:  (1)  to  de- 
crease in  size  of  particle,  or  (2)  to  concentration  of  the  more 
soluble  portions  of  the  wood  in  the  finer  material,  or  both. 
Since  the  analytical  data,  excluding  the  solubility  values,  in 
Table  I  show  the  two  samples  to  be  uniform  in  composition, 


Weight  of                  Cold 

cent  Water- 

Sample                  Water 

Soluble 

Grams                 Per  cent 

Content 

16.40                      S.47 

89.9 

14.60                      5.78 

84.5 

2.55                      6.97 

15.2 

3.55                     5.83 

20.7 

6.59                     8.05 

63.1 

43.69 
ibility  -  IPjI  =  6 .  03  per  cent 

263.4 

Tablb  I — Effect  of  Size  of  Wood  Particle  on  Results  of  Analysis 

ught  of  the  wood) 


Sawdust  passing  a  40-mesh  sieve 


Ash 
0.26 
0.27 
0.27 
0.21 
0.19 
0.20 


Cold 
Water 
6.30 
6.33 
5.32 
6.47 
6.52 
8.60 


Hot 
Water 
8. 36 
8.16 
8.26 
9.78 
9.69 
9.74 


Sodium 
Hydroxide 
1  Per  cent 
17.91 
17.90 
17.90 
18.09 
18.10 
18.10 


Ether 
0.62 
0.58 
0.60 
0.79 
0.77 
0.78 


Acetic 
Acid  by 
Hydrolysis 
1.66 
1.48 
1.52 
1.56 
1.34 
1.45 


Methoxy 
Groups 
(CHjO) 

6!87 
6.87 
6.64 
7.07 
6.83 


17.80 
18.00 
17.90 
17.27 
17.52 
17.39 


2.89 
2.59 
2.74 
3.06 
3.00 
3.03 


To  overcome  possible  objections  to  Schorger's  procedure 
in  using  one  sample  for  the  ceUulose  determinations  and 
another  sample  for  obtaining  the  remaining  values  in  the 
analysis,  material  in  the  same  form,  namely,  SO-  to  100-  mesh 
ground  sawdust,  has  been  employed  for  all  determinations. 

'  Presented  before  the  Section  of  CeUulose  Chemistry  at  the  63rd 
Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3 
to  7,  1922.     Published  with  permission  of  the  Department  of  .-igricultuie. 

'  The  earlier  papers  of  this  series  were  published  in  This  Journal, 
9  (1917),  556,  624,  748,  by  Dr.  A.  W.  Schorger,  whose  work  the  present 
authors  have  continued. 

•  Paper,  21,  No.  23  (1917),  36. 

«  This  Journal,  H  (1919),  556;  12  (1920),  264. 

•  Z.  angcw  Chem.,  32  (1919),  229. 
'lbid.,Z%  (1919),  153. 

'  This  Journal,  U  (1920),  472,  476. 

•  Ibid. ,12  (1920),  873. 


it  is  assumed  that  the  increase  in  solubihty  shown  in  Table  11 
is  due  largely  to  the  effect  of  the  size  of  particle. 

The  data  show  that  either  form  of  material  will  give 
results  that  are  essentially  comparable,  but  since  the  80- 
to  100-mesh  material  has  been  shown  to  be  most  suitable 
for  the  cellulose  determination,  this  material  has  been  used 
through  the  present  investigation. 

LiGXIN 

■^Tien  the  cellulose  in  wood  is  removed  by  hydrolyzing 
it  to  soluble  forms,  a  residue  is  left  which  is  fairly  constant, 
even  through  the  hydrolytic  agent  and  the  conditions  of 
hydrolysis  are  varied  somewhat.'  The  residue  retains  a 
surprising  similarity  to  the  Ugnin  of  the  original  wood, 
considering  the  rather  drastic  treatment  necessary  for  the 
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hydrolysis  of  the  cellulose.  For  example,  the  residue  ob- 
tained by  treating  the  wood  of  E.  globulus  with  72  per  cent 
sulfuric  acid  gave  the  characteristic  color  for  lignin  when 
treated  with  chlorine  and  soflium  sulfite.  The  changes  wliich 
occur  are  apparently  su|)erficial  and  may  involve  the  loss 
to  a  greater  or  less  c.vtent  of  methoxy  and  acetyl  groups  and 
furfural-yielding  constituents.  The  values  obtained,  how- 
ever, appear  to  be  sufficiently  constant  to  warrant  their 
determination  in  an  analysis  of  wood. 

Preliminary  experiments  showed  72  per  cent  sulfuric 
acid,  employed  by  Ost  and  Wilkening*  in  the  hydrolysis  of 
cellulose,  to  be  a  more  efficient  hydrolytic  agent  and  more 
convenient  to  handle  than  hydrochloric  acid.  There  is 
considerable  difficulty  in  filtering  the  lignin  residues,  owing 
to  the  more  or  less  colloidal  nature  of  the  solution.  This 
can  be  largely  overcome  by  boihng  the  solution  after  dilution. 

In  order  to  adopt  a  method  of  procedure,  it  was  necessary 
to  determine  (1)  the  time  of  exposure  to  the  acid  necessary  to 
effect  complete  hydrolysis,  and  (2)  the  effect  of  boiling  the 
.-iolution.  By  varying  the  time  of  exposure  to  sulfuric  acid 
it  was  found  that  a  period  of  16  to  24  hrs.  is  sufficient  for 
(•omi)lete  hydrolysis.  The  values  obtained  for  western  white 
pine,  Pinus  monticola,  calculated  on  the  basis  of  the  oven- 
ilry  wood,  follow: 

Tablb  III — Effect  of  Timb  of   Exposurb  on  Lignin  Dbtermination 
Time  of  Exposure  Lignin  Content 

Hours  Per  cent 

4  27.77 

27.32 
27.09 


24 


27.03 


The  effect  of  boiling  is  to  reduce  slightly  the  yield  of  non- 
cellulose  material,  as  showii  by  the  following  results,  also  on 
western  white  pine. 

Tabu   IV — Effbct  of   Timb   of   Boiling   on   Lignin    Dbtermination 

Time  of  Boiling  Lignin  Content 

Minutes  Per  cent 

Not  l.oiled  28.89 

1.5  27.07 

4.'i  26,82 

120  2B.7fi 

It  will  be  noted  that  a  l.Vmin.  boiling  reduces  the  yield 
approximately  2  per  cent,  and  that  practically  no  further 
loss  takes  place  on  continued  boiling. 

In  view  of  the  above  results,  the  following  procedure 
was  adopted  for  the  determination  of  the  lignin  values 
reported  in  this  paper.  It  is  possible  that  the  conditions 
are  not  the  optimum  for  hardwoods. 

Two  grams  of  air-dried  material  are  extracted  for  4 
hrs.  with  a  miniinuin  boiling-point  mixture  of  alcohol  and 
l)enzcne.  After  removal  of  the  solvent  by  suction  the  sample 
is  treated  with  ten  times  its  weight  of  72  per  cent  sulfuric 
acid.  The  sample  and  acid  are  intimately  mixed  with  a 
stirring  rod,  causing  the  wood  to  become  completely  dis- 
integrated after  a  few  hours.  After  hydrolysis  has  been 
allowed  to  proceed  at  room  temperature  for  16  hrs.,  the  acid 
i.s  diluted  to  a  concentration  of  3  per  cent.  The  solution  is 
then    boiled    under   an    air-cooled    reflux  condenser  for  2 

•  C.  F.  CroM  and  E.  J.  Bev»n,  "Researches  on  Cellulose,"  3  (1005-10), 


hrs.  The  lignin  is  then  filtered  on  a  tared  alundum  crucible 
(previously  treated  with  acid),  washed  free  from  acid  with 
hot  water,  dried  at  105°  C,  and  weighed. 

Cellulose 

The  cellulose  values  obtained  in  the  analysis  of  wood  are 
quite  constant  for  conifers  on  the  one  hand  and  broad- 
leafed  trees  on  the  other.  The  celluloses  from  these  two 
groups  are  differentiated  by  the  amounts  of  pentosan  they 
contain.'  Future  work  will  probably  show  other  differences, 
not  only  between  the  celluloses  from  these  two  groups  but 
also  between  that  from  indi\idual  species  of  each  group. 
It  seemed  desirable,  therefore,  to  introduce  into  the  analysis 
the  mercerization  test'"  as  a  possible  means  of  further  differ- 
entiating the  celluloses  isolated  by  chlorination. 

Results 

The  results  of  the  analysis  of  four  representative  samples 
each  of  western  wliite  pine  and  eucalyjitus  are  given  in 
Table  V.  The  pine  was  grown  in  Bonner  County,  Idaho, 
and  the  eucalyptus  in  Santa  Clara  County,  California. 

Discussion  of  Results 

In  most  cases  the  results  parallel  rather  closely  those  ob- 
tained by  Schorger  for  conifers  and  broad-leafed  trees, 
respectively.  Western  white  pine  is  shown  to  be  very  similar 
in  composition  to  longleaf  pine,  the  most  notable  differ- 
ence between  the  two  being  in  their  relative  solubility  in 
hot  and  cold  water  and  alkaU,  longleaf  pine  being  quite 
appreciably  more  soluble  in  all  three  reagents. 

Eucalyptus  does  not  approach  the  hardwoods  already 
analyzed  in  this  series  as  closely  in  composition  as  western 
white  pine  does  the  conifers.  Among  the  most  notable 
differences  is  the  low-ash  content  of  eucalyptus,  which  cor- 
responds more  nearly  with  that  of  the  conifers.  The  yield 
of  acetic  acid  by  hydrolysis  from  eucalyptus  wood  is  much 
less  than  that  from  the  hardwoods  pre^iously  analyzed. 
It  has  been  shown,  however,  that  eucalyptus  yields  nearly 
as  much  acetic  acid  by  destructive  distillation  as  the  hard- 
woods ordinarily  distilled." 

The  cellulose  isolated  from  the  two  woods  contains  ap- 
proximately the  same  amount  of  alpha-cellulose.  It  is 
interesting  to  note  that  the  remaining  portion  of  the  cel- 
lulose in  the  case  of  eucalyptus  is  almost  entirely  gamma- 
cellulose,  wiiile  in  the  pine  it  is  about  equally  divided  be- 
tween beta-  and  gamma-cellulose.  These  resolution  products 
of  the  celluloses  should  be  studied  further. 

The  lignin  values  are  higher  for  pine  than  for  eucalyptus. 
In  other  words,  the  conifer  appears  to  be  the  more  highly 
lignified,  a  fact  contrary  to  the  usual  botanical  conception 
of  the  relative  lignification  of  these  two  groups  of  plants. 
It  should  be  noted  that  the  cellulose  and  lignin  values  for 
the  individual  samples  comjjensate,  higher  lignin  values  being 
obtained  from  samples  with  a  lower  cellulose  content. 

"  Cross  and  Bcvan,  "Researches  on  Cellulose."  S  (1905-10),  23;  Cross 
and  Bcvan,  "Paper-Making,"  1916,  97;  Scliwalbe,  "Chemie  der  Cellulose," 
1911,  037. 

"  U.  S.  Deft.  Ast.,  Bull.  508. 


TaBLB  V — COHPLBTB  AnALVTICAI,  RESULTS  ON 

(Results  in  percentage  of  oven-dry 
Moisture . Solubility  in .  Acetic    Meth- 


Whitb  Pine  and  Eucalyptus 
(105°  C.)  sample) 


Spiob* 
Wnlern  Wliite  Pint 
(.Piutu  mottticcla) 


Eucaljrptus  (Em- 
talypiui  ttoiutus) 


in  Air 

Sample  Dry  Cold  Hot 

No.    Sample  Ash  Water  Water  Ethei 

1  6.18  0.21  2.60  3. 35  4.00 

2  7.68  0.20  1.73  2.57  4.42 

3  7.00  O.IS  3  92  7.25  3.98 

4  7.15  0.19  4.40  4.78  4.63 
Mean  7.00  0.20  3.16  4.49  4.26 

1  egg  0.23  2.66  4.41  0.54 

2  6. 55  0.20  4.93  6.90  0.62 
X  6  87  0.27  6.31  8.26  0.60 
4  5.90  0.24  5.79  8.27  0.59 

Me^n  6.58  0.24  4  67  6.98  0.56 


1  Per  Acid  by  oxy 
cent   Hydrol-  Groups 

NaOH     ysis  (CH«0) 

1.21  4.38 

0.94  4. ,59 

1.37  4  86 

1.09  4.41 

1.03  4  56 

2.31  7.11 

1.97  6.37 

1.51  6.87 

1.62  6. .56 

1.85  6  73 


13.97 
12.70 
15.92 
16.51 
14.78 
16.67 
18  42 
17.90 
21.40 
18.57 


Pento 
san 
8.75 
7.19 
6.48 
7.46 
6.97 
21.41 
20.66 
17.90 
20.39 
20.09 


Methyl 
Pento-  Cellu- 
san        lose 


■  In  Cbllulosb  - 


3.41 
3.25 
3, 33 
2.90 
3.22 
1.97 
2.14 
2.74 
2.48 
2.33 


58.. 53 
62.29 
59.40 
68.61 
69.71 
59.67 
68.63 
56.45 
66.83 
.57 .  62 


Alpha 
70.68 
64.34 
74.29 
49.27 
64.61 
67.85 
69.75 
68.99 


Beta 
18.16 
10.69 
9.17 
27.27 
16.32 
2.11 
0.00 
0.00 


Gamma 
11.26 
24.97 
16.64 
23.46 
19.06 
31.04 
31.25 
31.01 


68.86       0.70     31.10 


Pento- 
san 
4.47 
6.66 
6.19 
6.96 
6.33 
20.36 
21.62 
20.10 
21.76 
20.96 


1.66 
1.96 
3.92 
2.44 
2.24 
1.26 
2.46 


Lignin 
27.22 
24.15 
27.55 
26.82 
26.44 
24.04 
25.24 
25.07 
26.74 
25.27 
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The  Calorific  Value  of  American  Wood< 

By  S.  W.  Parr  and  C.  N.  Davidson 


University  of  Illinois,  Urbana,  Illinois 


WOOD  as  a  fuol  may  have  war-time  interest  only,  or 
it  may  be  a  matter  of  regional  concern  or  of  signifi- 
cance in  special  industries  where  wood  waste  accu- 
mulates to  a  point  where  it  must  be  disposed  of.  Tiicse  con- 
ditions may  in  themselves  be  a  sufficient  reason  for  desiring 
to  know  the  calorific  value  of  such  material.  There  are 
other  reasons  also  worth  mentioning.  At  the  time  this 
work  was  carried  out  (1016),  at  least,  there  were  no  values 
given  in  the  literature  for  American  woods.  Similarly,  it 
is  not  far  WTong  to  state  that  there  were  no  values  tliat 
were  worth  anything  given  in  the  literature  for  any  woods 
in  any  country.  For  example.  Count  Rumford's  values  are 
frequently  given  in  works  of  reference.'  His  work  was  done 
110  years  ago,'  and  while  he  had  the  correct  idea  as  to  the 
proper  method  of  procedure,  his  results  were  little  better 
than  approximations.  His  sample  was  burned  in  a  current 
of  air  and  the  products  of  combustion  were  conducted  through 
a  copper  coil  surrounded  by  a  known  volume  of  water. 
His  thermometer  he  made  himself,  but  the  chief  elements 
of  error  were  doubtless  the  uncertainty  as  to  the  complete- 
ness of  combustion  and  the  vague  ideas  concerning  the  amount 
or  nature  of  the  moisture  present  in  the  wood.  Again 
Groves  and  Thorp,  in  their  work  on  "Chemical  Technology,"^ 
tabulate  the  heat  values  for  wood  as  derived  by  Berthier, 
Winkler,  and  Schodler  and  Peterson.  These  ^■alues  refer 
to  partially  dry,  well-seasoned  wood,  but  the  real  content  of 
moisture  is  uncertain.  Worse  than  this,  however,  is  the 
fact  that  all  these  values  were  determined  tiy  calculation 
from  the  weight  of  a  lead  button  reduced  from  litharge. 
The  equivalent  of  oxygen  taking  part  in  the  reaction  is  used 
as  a  measure  of  the  amount  of  heat,  accorcUng  to  the  so-called 
Welter  law  wliich  held  that  a  fixed  ratio  existed  between 
oxygen  consumed  and  heat  produced,  no  matter  what  com- 
binations were  involved.  The  results  obtained  do  not 
have  the  value  of  a  good  guess  and  would  need  to  be  increased 
by  about  50  per  cent  to  come  even  approximately  near  the 
true  values.  Berthier's  results  were  published  in  1835. 
This  date,  together  with  the  method  employed,  suggests  the 
absurdity  of  repeating  them  except  as  curiosities.  They 
do  not  have  as  much  merit  as  Rumford's  values  obtained 
some  20  years  previous,  the  errors  being  about  twice  as  great. 
In  other  works  of  reference  as  Poole's  "Calorimetry"  (1903), 
Brame's  text  on  "Fuels"  (1914),  etc.,  the  values  quoted  are 
those  of  Gottlieb.'  These  values  are  more  recent  and  have 
the  advantage  that  they  were  calculated  to  the  oven-dry 
basis.  He  used  a  calorimeter  with  oxj^gen  as  the  medium  of 
combustion,  but  it  was  of  the  constant  pressure  tjTDe,  which 
seems  not  to  have  been  capable  of  as  great  refinement  in 
results  as  should  characterize  the  values  which  are  to  be  used 
continuously  as  a  standard  of  reference.  Results  obtained 
40  years  ago  with  an  apparatus  which  to-day  is  not  recognized 
as  standard  should  at  least  be  worked  over  for  correction 
or  verification.     In  Poole's  tables,  note  should  be  made  of 

'  Presented  before  the  Division  of  Industrial  and  Engineering  Chemistry 
at  the  63rd  Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala., 
AprU  3  to  7,  1922. 

'  Groves  and  Thorp,  "Chemical  Technology.  Vol.  1 — Fuel  and  Its 
Applications,"  1889,  338. 

»  Nicholson's  Journal.  32  (1812),  105:    36  (1813),  93. 

«  "Fuel  and  Its  Applications,"  1  (1889),  360. 

»J.  prakt.  Chem..  28  (1883),  414. 


two  results  by  Maliler,  which  doubtless  are  reliable.  They 
are  given  as  "cinder  and  water  deducted,"  while  the  seven 
values  of  Gottlieb  are  not  indicated  in  Poole  as  to  their 
basis  of  reference.  The  original  article,  however,  shows 
that  they  refer  to  dry  or  "moisture-free"  material.  The 
moisture  factor  was  determined  by  drying  for  12  to  15  hrs. 
in  a  hot  air  bath  maintained  at  115°. 

It  is  evident  from  this  brief  survey  that  the  determination 
of  the  free  moisture  present  is  in  as  much  need  of  review  as 
the  calorific  value.  Indeed,  the  latter  factor  is  of  little 
worth  without  the  former.  Even  greater  ambiguity  is  found 
in  the  use  of  terms  than  is  found  in  the  case  of  coal.  Dry 
wood  is  understood  to  mean  well-seasoned  wood,  and  there 
seems  to  be  a  reluctance  to  recognize  a  sharp  line  of  de- 
marcation between  the  free  moisture  and  the  very  large 
amount  of  hydrogen  and  ox-vgen  chemically  combined  in  the 
H2O  ratio  (C6H,o05)x  of  cellulose. 

Our  experiments  were  first  directed  toward  the  determina- 
tion of  the  "end-point,"  if  there  was  one,  for  the  free  moisture. 
Was  it  obscured  by  uncertain  volatilization  of  sap  constitu- 
ents, or  oxidation  of  unsaturated  compounds  in  the  dr3dng 
process,  or  possibly  an  initial  breaking  down  of  the  cellulose 
molecule,  giving  off  seemingly  free  moisture? 

Six  samples  of  dry,  well-seasoned  wood  were  prepared  in 
the  form  of  fine  sawdust.  Approximately  1-g.  samples  were 
heated  at  105°  each  for  1-,  2-,  3-,  4-,  5-,  6-  and  7-Iir.  periods, 


Hours  or  /-/eo//nff  a/  /OS  °  C.  /n  /i/r 


using  a  new  sample  for  each  period  and  drjring  in  an  atmos- 
phere of  air  and  also  in  carbon  dioxide,  using  a  Freas  oven 
with  electric  heat  control.  All  samples  were  cooled  20  min. 
over  concentrated  sulfuric  acid  before  weighing.  The  entire 
series  was  repeated  at  137°,  using  an  atmosphere  of  air  and 
repeated  with  carbon  dioxide.  The  cmr-es  show  interesting 
results,  but  only  one  of  each  series  is  given  here.  It  is  evident 
from  Fig.  1  that  a  substaiitial  equUibrium  is  established  after 
drying  in  air  at  105°  for  one  hour.  A  small  increase  in  the 
air-dr\ing  loss  is  noted  up  to  the  end  of  the  third  hour.  In 
the  use  of  carbon  dioxide  as  the  atmosphere  of  the  oven 
(not  shown)  the  same  percentage  of  loss  is  reached  at  the 
end  of  3  hrs.,  after  which  the  lines  are  practically  straight. 
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The  conclusion  from  these  cun-es  is  that  by  drying  at  105° 
for  one  hour  in  an  atmosphere  of  air,  the  loss  whatever  it 
is,  has  reached  a  constant  quantity. 


Hours  of  Heof/ng  of  /37°  C  /n  CO^ 
Via.  2 

One  other  set  of  curves  is  worth  noting.  In  Fig.  2  the 
temperature  used  was  137°  and  the  atmosphere  was  carbon 
dioxide  in  order  to  eliminate  possible  oxidation  from  the 
presence  of  free  oxygen.  Here  the  values  are  stabilized  at 
the  end  of  the  first  hour,  but  they  are  in  most  cases  a  trifle 
higher,  usually  about  0.2  to  0.3  per  cent,  though  in  the  case 
of  bircii  and  hickory  the  difference  is  not  appreciable.  The 
conclusion  from  a  comparison  of  these  two  charts  suggests 
the  probability  of  a  slight  loss  of  volatile  constituents  other 
than  water  at  the  higher  temperature.  Tliis  was  verified 
by  repeating  the  drying  on  a  few  samples,  using  the  higher 
temperature  with  an  atmosphere  of  air  and  collecting  and 
weigliing  the  water  discharged.  Tlie  apparatus  used  is 
shown  in  outline  in  Fig.  3.  It  is  a  slight  modification  of  the 
apparatus  described  by  Prof.  John  White.'  The  drying 
chamber  is  maintained  at  135°  to  140°,  it  being  surrounded 
by  xylene  vapor.  The  loss  in  weight  is  consistent  with  the 
loss  as  shown  in  Fig.  2.  The  weight  of  water  absorbed  is 
uniformly  less  than  the  total  decrease  in  weight,  verifying 
the  point  already  noted  that  some  volatile  constituents  of 

the  wood  other  than 
water  are  discharged 
at  135°  to  140°.  This 
material  is  so  small 
at  this  temperature, 
averaging  about  0.3 
per  cent,  that  it  is  con- 
sidered negligible  at 
a  drying  temperature 
of  105°.  It  is,  at  any 
rate,  of  the  same  or- 
der of  difference  be- 
tween water  and  vola- 
tile constituents  as 
the  material  com- 
monly recognized  as 
being  discharged  from 
coal  under  the  same 
conditions  of  drying. 
In  determining  the 
calorific  values,  the  .^ame  samples  were  employed  with 
the  moisture  content  tak'  n  as  shown  after  one  hour's  dry- 
ing as  in  Fig.  1,  the  heat  vjiluoa  being  calculated  to  the  dry 
basis.     The   inatnimrnt    used    was   of   the    Mahler   type, 

•  J.  Frani.  Imt.,  ITS  (1913),  201. 


platinum  lined  and  under  adiabatic  control  by  having 
accessible  both  hot  and  cold  water  for  modifying  the  tempera- 
ture of  the  jacketing  water  to  conform  to  the  inner  system 
containing  the  combustion  bomb.  The  circulation  of  the 
jacketing  water  is  secured  through  the  cover  as  well  as  on  all 
sides  and  bottom  of  the  inner  receptacle.  The  results  are 
given  in  Table  I.  Corrections  were  made  for  the  nitric  acid 
formed  in  the  combustion,  the  fuse  wire,  etc.,  as  prescribed 
by  the  standard  method  adopted  by  the  American  Chemical 
Society.' 


Table 

I 

Wood 

Per  cent  H,0 
at  105°  C.  1  hr. 

B.t.u.  (as 
Reed.) 

B.t.u. 
(Dry  Basis) 

Pine 

8.8S 

8040.0 
8055. S 
8054.0 

..8049.8 

Oak 

S.35 

7829.0 
7855.5 
7840.0 

. .7841.5 

8555  7 

Hickorj 

10.30 

7594.2 
7561.0 
7578.8 

AVBRAGB 

7578.0 

8448.1 

Cherry 

8.85 

7852.0 
7867.7 
7860.0 

Average 

7859.9 

8623.0 

Birch 

10.18 

7607.2 
7593.0 
7592.2 

Average 

7597.4 

8458.4 

Poplar 

10.69 

7709.8 
7725.2 
7712.5 

Average 

7716.1 

8639.6 

A  comparison  with  the  values  as  given  by  Gottlieb  for 
corresponding  varieties  of  wood,  so  far  as  they  were  repre- 
sented in  our  samples,  will  be  of  interest  as  follows: 


Table  II — B.T.U.  Values 


Wood 
Oak 


Gottlieb 
8316 
9153 

8586 


Parr  and 

Davidson  Diffbrshcs 

8555.7  -f239.7 

8836.0  -317.0 

84.58.4  -127.6 


An  inspection  of  the  table  shows  that  the  Gottlieb  results 
have  a  variation  from  our  own  of  ±3  per  cent.  Considering 
the  fact  that  woods,  even  of  the  same  varieties,  grown  in 
different  countries  indicate  no  greater  divergence,  it  is  fair 
to  conclude  tiiat  the  values  obtained  by  Gottlieb  should 
be  accepted  as  reasonably  accurate.  It  must  be  concluded, 
however,  that  considering  the  care  and  type  of  instrument 
employed  in  this  work,  the  values  as  given  in  Table  I  fairly 
represent  the  correct  heat  values  for  the  several  samples 
worked  on  and  may  be  taken  as  representative  values  for 
American  woods. 

'  "Report  on  Sampling  and  Analysis  of  Coal,"  This  Jodrnal,  5  (1913), 


New  Standard  Sample  of  Bureau  of  Standards 

A  new  standard  sample  of  tin-ba,se  bearing  metal  No.  54  is 
now  being  issued  with  a  provisional  certificate.  This  sample  has 
the  approximate  composition:  Tin  88  per  cent,  antimony 
7  per  cent,  and  copper  4  per  cent.  In  addition  it  contains  small 
amounts  of  lead,  iron,  bismuth,  and  arsenic.  The  price  of  this 
sample  is  $2.00  per  140  g.,  prepaid  or  parcel  post  C.  O.  D. 

Benzoic  acid  No.  48a  and  benzoic  acid  No.  39a  have  been 
discontinued.  Benzoic  acid  No.  39?»  replaces  both  of  these  and 
is  issued  for  use  both  in  acidimetric  and  calorimetric  work.  The 
price  of  this  sample  is  $2.00  per  30  g. 
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Studies  on  Rancidity' 

T — ^The  Influence  of  Air,  Light,  and  Metals  on  the  Development  of  Rancidity 

By  James  A.  Emery  and  R.  R.  Henley 

BiociiBHic  Division.  Burbau  o»  Aniuai.  Industry,  Wasiiinoton,  D.  C. 


The  following  paper  records  experiments  on  (he  effect  of  metals 
on  the  deoelopment  of  rancidity  in  fats  and  oils. 

Fats,  eoen  when  kept  in  contact  with  metals,  exposed  to  light  and 
at  summer  temperatures,  did  not  become  rancid  prodded  that  air 
was  excluded.  However,  the  deoelopment  of  rancidity  was  not  pre- 
vented when  fats,  alone  and  in  contact  with  metals,  were  k'pt  in  a 
Novy  Jar  through  which  carbon  dioxide,  presumably  air-free,  was 
passed  continuously. 

Fats  stored,  with  and  without  contact  with  metals,  in  an  atmos- 
phere of  oxygen  developed  rancidity  at  an  earlier  date,  and  the  de- 
velopment of  rancidity  progressed  more  rapidly,  than  when  the  same 
fats  were  held  in  an  atmosphere  of  air,  all  other  conditions  being  the 
same. 

The  development  of  rancidity  was  hastened  when  the  fats  or  oils 
were  in  contact  with  metals,  provided  there  was  free  access  of  air  or 
oxygen.     Some    metals,    however,    acted   more    energetically    than 


others.  The  action  of  the  metal  was  independent  of  the  corrosive 
action  of  the  fat  upon  the  metal.  In  other  words,  metals  hastened 
the  production  of  rancidity  In  fats  even  when  the  melaU  themselves 
were  not  attacked. 

Light  was  necessary  for  the  deoelopment  of  rancidity  tn  fata 
exposed  to  air  and  not  in  contact  with  metals,  but  fats  stored  in  con- 
tact with  metals  developed  rancidity  eoen  when  protected  from  light. 
In  other  words,  light  in  the  absence  of  metals  appeared  to  exert  the 
sa.Tje  effect  as  was  exerted  by  metals  in  the  absence  of  light. 

In  one  test  it  was  indicated  that  the  direct  part  taken  by  moisture 
in  the  devetopmenl  of  rancidity,  at  least  in  comparison  with  the  other 
factors  discussed,  is  negligible. 

It  may  be  concluded  that  air;  oxygen,  alone  or  in  combination; 
light;  and  metals  are  among  the  factors  which  influence  the  develop- 
ment of  rancidity  in  fats  and  oils. 


DURING  an  investigation  of  the  action  of  fats  and  oUs 
upon  metals-  it  was  noted  by  one  of  us  that  rancidity 
developed  more  rapidly  when  these  glycerides  were 
held  in  metallic  containers  or  in  contact  with  metals  than 
when  they  were  held  in  glass  vessels.  Since  a  search  of  the 
literature  did  not  disclose  any  similar  observation  by  others, 
the  experimental  work  presented  in  this  paper  was  conducted. 

The  detection  of  rancidity  through  the  sense  of  smell  or 
of  taste,  especially  in  the  incipient  stage,  is  not  to  be  relied 
upon,  and  therefore  in  all  of  the  work  the  Kreis  test,  which  is 
most  sensitive  to  the  chemical  changes  that  finally  express 
themselves  in  the  form  of  rancidity,  was  applied  at  the  time 
the  odor  was  noted.  In  this  test  2  cc.  of  the  fat  or  oil  under 
examination  are  dissolved  in  2  cc.  of  a  1  per  cent  solution  of 
phloroglucinol  in  ether,  2  cc.  of  commercial  hydrochloric 
acid  are  added,  and  the  whole  is  well  shaken,  the  appearance 
of  any  color  being  noted.  Rancid  fats  cause  the  develop- 
ment of  a  more  or  less  pronounced  pink  shade,  the  degree  of 
change  in  the  fat  being  indicated  by  the  depth  of  color  pro- 
duced.   No  color  is  given  by  freshly  prepared  fats. 

Inasmuch  as  rancidity  was  recognized  as  being  due  to  chem- 
ical changes  in  the  fats,  the  various  factors  which,  during  the 
progress  of  the  investigation,  appeared  to  have  an  influence 
either  in  promoting  or  retarding  its  production,  were  noted, 
with  the  view  of  later  determining  the  part  played  by  each 
in  the  phenomena  produced. 

Effect  of  Metals  and  Light  in  Production 
OF  Rancidity  in  Fats  Exposed  to  Air 

Series  I — The  fat  used  in  all  of  the  experiments  was 
rendered  in  the  laboratory  from  the  leaf  fat  of  a  freshly  killed 
hog  and  in  each  test  60  g.  of  fat  were  employed.  With  but 
two  exceptions  (small  cups  of  tin  and  galvanized  iron)  the 
containers  were  glass  vessels  of  150-cc.  capacity.  The 
metals  used  were  in  sheet  form,  cut  approximately  of  the 
same  size,  and  rolled  into  half  cylindrical  shapes  which,  when 
placed  on  end  in  the  fat  or  oil,  projected  slightly  above  the 
surface. 

'  Received  April  27,  1922.  Published  with  permission  of  the  Depart- 
ment of  Agriculture. 

>  James  A.  Emery,  "The  Use  of  MeUUic  Containers  for  Edible  Fats 
and  Oils,"  U.  S.  Dept.  Agr.,  Bur.  Animal  Ind.,  26th  Annual  Report,  1909. 


Expt.  A — Three  glass  beakers,  one  containing  lard  and  lead, 
one  lard  and  copper,  and  the  third  lard  alone,  covered  to  exclude 
dust,  were  placed  on  a  laboratory  table  exposed  to  light. 

Expt.  B — -A  beaker  containing  lard  and  lead,  and  one  contain- 
ing lard  alone,  also  covered,  were  placed  in  a  dark  closet  situated 
directly  under  the  table  mentioned  in  Expt.  A. 

Expt.  C — Lard  in  a  galvanized  iron  cup,  lard  in  a  tin-plated 
cup,  and  lard  in  a  glass  beaker,  all  containers  being  of  the  same 
diameter  and  also  covered,  were  placed  in  the  light  on  the  table 
above  referred  to. 

On  the  fifth  day  and  at  frequent  intervals  thereafter  the 
odor  of  each  sample  was  noted  and  the  Kreis  test  was  applied, 
with  the  results  shown  in  Table  I. 

It  wOl  be  seen  that  the  fats  in  contact  with  metals  became 
rancid  much  more  rapidly  than  those  in  contact  with  glass 
alone.  The  rancid  odor  became  apparent  in  lard  and  lead 
on  the  seventh  day,  in  lard  and  copper  on  the  sLxth  day,  and 
in  lard  alone  on  the  twenty-sixth  day;  a  positive  Kreis  reac- 
tion appeared  ■nith  lard  and  lead  on  the  si.xth  day,  with  lard 
and  copper  before  the  fifth  day,  and  with  lard  alone  on  the 
twenty-third  day.  In  Tests  4  and  5  the  lard  and  lead  gave 
a  positive  Kreis  reaction  on  the  fifth  day,  and  lard  alone  on 
the  twenty-seventh  day.  The  same  relation  between  the 
rate  of  production  of  rancidity  in  fats  kept  in  metallic  and  in 
glass  containers,  is  maintained  in  Tests  6,  7,  and  8. 

In  regard  to  the  effect  of  light,  there  appeared  to  be  no 
marked  difference  in  the  rate  of  production  of  rancidity  in 
fats  kept  in  the  dark  and  those  kept  in  the  Ught;  however, 
the  evidence  upon  this  point,  in  view  of  the  limited  number 
of  tests,  cannot  be  regarded  as  conclusive. 

Effect  of  Light  on  Production  of  Ranciditt 
Series  IV — The  results  obtained  in  Series  I  were  con- 
sidered inconclusive,  and  since  some  observers'  have  main- 
tained that  light  is  necessary  for  the  production  of  rancidity, 
tests  were  conducted  to  settle  the  question  more  definitely. 
The  samples  were  placed  in  blackened  light-tight  Erlenmeyer 
flasks,  plugged  with  cotton,  and  kept  under  blackened  light- 
tight  beakers.    The  following  are  the  tests  conducted: 

•  Ritsert,  Nalurw.  Wochenschr.,  BerUn,  S  (1890),  331,  354,  364;  Rein- 
mann,  Ctntr.  Bakl.  Parasilenk.,  II  Ahi.,  6  (1900),  131,  166,  209;  Scala, 
Chtm.  Zenlr.,  1896,  520,    Winckel,  Z.  Nahr. -Genus sm.,  9  (1905),  90. 
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4/15 

4/16 

4/17 

4/18 

4/20 

4/23 

4/26 

5/1 

6/3 

8/7 

8/24 
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Darenbss- 


Lard  and 

L«ad 
(Beaker) 
Krcis 


Lard  and 
Copper 
(Beaker) 

Kreis 


+  1 

+  2 
+  2 
+  3 
+3 


Test  Odor 

+2  +1 

+3  +2 

+4  +2 

+4  +3 

+5  +3 

+5  +3 


Test 
+  3 


Lard 
(Beaker) 

Kreis 
Odor         Test 


Lard  and 

Lead 

(Beaker) 

Kreis 

Idor        Test 

+2 

H  +3 

f2  +4 

f2  +4 

f2  +5 

f2  +5 

(-3  +5 


Lard 
(Beaker) 

Kreis 
Odor  Test 


Lard  in 
Tin  Cup 

Kreis 


+  5 
+  5 

+  5 


Lard  in 

Galv.  Iron 

Cup 

Kreis 


Lard 
(Beaker) 

Kreis 
Odor         Test 


+  1 
+  2 
+  2 
+  3 
+  3 


+  1 
+  2 
+  3 
+  3 


+  2 


+  1 
+4 


—  •  Negative;  +« Positive;  suffixed  numerals  used  to  indicate  degree. 

This  set  consisted  of  two  clear  100-cc.  flasks,  one  of  which 
contained  50  cc.  of  lard,  the  other  50  cc.  of  lard  in  which  a  sheet 
of  copper  had  been  placed,  and  of  two  blackened  100-cc.  flasks, 
one  of  which  contained  50  cc.  of  lard  alone,  and  the  other  50  cc. 
of  lard  and  a  sheet  of  copper  (2  in.  by  2  in.). 

These  flasks  were  plugged  with  cotton,  and  placed  upon  the 
table,  the  blackened  flasks  bcin>;  placed  under  blackened  beakers. 

After  16  days  the  first  observations  were  made. 


Odor 

Kreis  Test 

Clbak  Flasz: 

Lard 

Good 

Very  faint 

Lard  +  Cu 

Rancid 

Intense 

B1.ACIC8N80  Flask: 

Lard 

Good 

NcRative 

Lard  +  Cu 

Rancid 

Intense 

As  the  lard  in  the  blackened  flask  showed  no  evidence  of  ran- 
cidity, while  the  lard  in  the  clear  flask  showed  faint  evidences  of 
rancidity,  the  flasks  were  kept  upon  the  table  for  40  days  longer. 


Odor 

Krbis  Test 

Clkar  Flase: 

Lard 

Rancid 

Intense 

Lard  +  Cu 

Very  rancid 

Very  intense 

Blackened  Flask: 

I^rd 

0.  K. 

NcKativc 

Lard  +  Cu 

Very  rancid 

Intense 

The  outstanding  feature  of  these  tests  was  that  the  lard 
alone  in  the  blackened  flask  showed  no  rancidity  after  56 
days,  while  the  lard  in  the  clear  flask  was  strongly  rancid  at 
that  time,  and  probably  faintly  rancid  on  the  sixteenth  day. 
Further,  the  lard  containing  copper  in  the  blackened  flask 
was  not  quite  a.s  rancid  after  oC  days  as  was  the  lard  and  cop- 
per in  the  clear  flask;  the  difference  was  so  very  slight,  how- 
ever, that  it  may  be  said  that  little  or  no  difference  exists  in 
the  rate  of  production  of  rancidity  in  fats  exposed  and  not 
exposed  to  light,  when  these  fats  are  in  contact  with  metals. 
A  larger  number  of  such  tests,  with  observations  made  at 
more  frcfiucnt  intervals,  would  afford  more  interesting  and 
more  conclusive  results  than  were  obtained,  and  would  prob- 
ably yield  valuable  information  regarding  the  chemistry  of 
rancidity. 

Helative  Effect  of  Air,  Carbon  Dioxide,  and 
OxYOEN  IN  Promoting  Rancidity 

Seiues  II — Ritsert,'  who  studied  the  effect  of  air,  carbon 
dioxide,  and  other  ga.ses  on  fats  held  in  glass  containers, 
found  that  next  to  oxygen,  carbon  dioxide  was  the  most  rap- 
idly absorbed.  He  noted,  however,  that,  although  the  fats 
stored  in  carbon  dio.>adc  developed  acidity  and  a  flat  taste, 
they  did  not  become  rancid. 

It  is  generally  believed  that  the  presence  of  air,  or  the  oxy- 
gen of  air,  is  necessary  for  the  production  of  rancidity.    Don- 


ath,*  whose  observations  have  been  confirmed  by  studies  (as 
yet  unpublished)  made  in  tliis  laboratory  demonstrated  that 
as  a  rule  fatty  acids  act  upon  metals  only  in  the  presence  of 
o.xygen.  The  following  tests  were  conducted  concerning  the 
rate  of  production  of  rancidity  in  fats  stored  in  atmospheres 
of  air,  oxygen,  and  carbon  dioxide: 

Fifty  grams  of  freshly  rendered  leaf  lard  were  placed  in  each  of 
nine  100-cc.  beakers.  A  sheet  of  copper  was  placed  in  each  of 
three  of  these,  a  sheet  of  tin  in  each  of  three  others,  while  to  the 
remaining  three  no  metal  was  added.  The  metallic  sheets  were 
of  uniform  size  (1.5  in.  by  1.5  in.).  The  beakers  were  then  di- 
vided into  three  groups,  each  of  which  consisted  of  one  contain- 
ing lard  and  copper,  one  containing  lard  and  tin,  and  one  con- 
taining lard  alone.  One  set  was  placed  on  the  laboratory  table 
under  an  open  bell  jar,  another  was  placed  in  a  Novy  jar,  through 
which  a  stream  of  oxygen  was  allowed  to  flow  constantly;  and 
the  remaining  set  was  placed  in  a  Novy  jar,  through  which  carbon 
dioxide,  obtained  by  the  action  of  sulfuric  acid  on  marble,  was 
continually  being  passed.  Both  the  carbon  dioxide  and  oxygen 
were  dried  by  passing  through  calcium  chloride.  Results  of 
these  tests  are  shown  in  Table  II. 

In  an  atmosphere  of  oxygen,  both  in  the  presence  of  a  metal 
and  when  no  metal  was  in  contact  with  the  fat,  rancidity 
developed  at  an  earlier  date,  and  progressed  more  rapidly, 
than  in  samples  held  in  an  atmos])here  of  carbon  dioxide  or 
in  air.  It  was  also  noted  that  the  fats  held  in  carbon  dioxide 
became  rancid  a  trifle  more  slowly  than  did  those  held  in  air, 
although  this  difference  is  but  slight. 

Carbon  dioxide  had  been  used  in  this  test  solely  for  the 
purpose  of  excluding  oxygen.  The  production  of  rancidity, 
and  its  rather  rapid  development,  in  the  fats  stored  in  an  at- 
mosphere of  carbon  dioxide  was  not  only  not  anticipated,  but 
was  surprising.  While  it  was  believed  that  the  oxygen  of  the 
air  had  been  replaced  by  carbon  dioxide,  in  the  Novy  jar  in 
which  the  fats  were  held,  the  jar  had  been  opened  from  time 
to  time  for  the  purpose  of  extracting  samples  of  fat  for  ex- 
amination, and  an  opportunity  was  thus  afforded  for  the  fat 
to  absorb  oxj'gen.  To  avoid  this  the  test  was  repeated  in 
the  following  manner: 

Into  each  of  three  iJO-cc.  beakers,  all  of  the  same  diameter,  30 
cc.  of  freshly  rendered  leaf  fat  which  had  an  acidity  of  0.22  per 
cent  (calculated  as  oleic  acid)  were  added.  In  one  beaker,  a 
square  of  cojjper  and  in  a  second  a  square  of  tin  was  placed.  A 
third  beaker  contained  the  lard  alone.  The  squares  of  metals 
each  measured  2  in.  by  2  in.  and  were  thoroughly  cleaned  and 
polished  before  being  placed  in  the  fats. 


i  Dingltrs  polyltch.  J..  294  0894),  186. 


Dath 
1912 

s/ao 


8/28 
7/1 

7/a 
7/8 
7/10 
7/ia 

7/18 


Tadlb  II — Rklativb  Eppbct  op  Air,  Carbon  Dioxids,  and 

Air .  OxYOSN — 

Lard  and 
copper. 


OxvcBN  IN  Promoting  Rancidity 


Lard  and 

Lard  and 

Tin 

Copper 

Rreii 

Krdi 

O<lor       Test 

Odor      Test 

+  2 

+3 

+  1          +2 
+  1          +3 

+  1          -f4 

■H         +8 

-a       +4 

+  2         +8 

•  a      -1-6 
-a      +8 

-^2         +i 

H-a         +5 

4a      -f8 

-fa      4  r. 

+1 

+  2 
+2 
+  2 
-t-2 

-t-2 


Kreis 
Test 
■f3 
+  3 
+4 
+  * 
+  8 
+  8 
+  6 


Lard 

Kreis 
Odor       Test 


-1-1 
+  2 
+2 
+  2 
+  2 
+  2 


Test 
-f4 
-fS 
H-S 
+  5 
+  S 
+  6 
H-5 


+  1 
+  1 
+2 
+  2 
+  3 


Kreis 
Test 

+  2 
+2 
-t-2 
+3 
+4 
+4 


ARBON  Dioxide- 
Lard    and 
Copper 
Kreis 


+2 
+2 
+2 
+  2 
+  2 


Test 

+  3 
+  3 
+4 
+4 
+  5 
-t-S 
+  5 


Lard 
Kreis 
Odor       Test 
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A  second  and  third  set  of  beakers,  identical  in  all  details  with 
the  above  described,  were  prepared  at  the  same  time. 

One  set  consistinj,'  of  beakers  containing  lard,  lard  with  tin, 
and  lard  with  copper,  was  placed  on  the  laboratory  table,  pro- 
tected from  dust  but  exposed  to  light  and  air. 

Another  set  was  placed  in  a  Novy  jar  containing  calcium 
chloride,  and  through  the  jar  a  stream  of  o.xygen,  previously 
dried  by  passage  through  calcium  chloride,  was  continuously 
passed.     It  was  placed  on  the  table  beside  the  first  set. 

The  third  set  was  placed  in  a  second  Novy  jar,  which  contained 
calcium  chloride,  and  through  which  a  stream  of  carbon  dioxide 
was  continuously  passed  both  day  and  night.  The  carbon 
dioxide  was  generated  in  a  Kipp  generator  from  marble  and 
sulfuric  acid,  and  was  washed  and  dried  before  entering  the  jar. 
The  stream  of  carbon  dioxide  was  interrupted  only  when  it  was 
necessary  to  recharge  the  Kipj)  generator,  and  on  such  occasions 
the  jar  was  closed  to  prevent  access  of  air.  This  Novy  jar 
remained  unopened  from  October  14  to  November  21.  The 
fats  in  the  first  and  second  sets  were  tested  for  rancidity  on  Octo- 
ber 28  and  November  8.  The  results  of  the  Kreis  test  are  shown 
in  Table  IIo. 

Again  those  fats  held  in  a  Novy  jar  through  which  carbon 
dioxide  was  pas.spd  continuously,  developed  rancidity.    It 


First  Set — Sealed,  no  moisture. 
Lard  alone:   Odor,  good;    Kreis  test,  extremely  faint. 
I.ard  and  copper:    Odor,  good;    Kreis  test,  extremely  faint. 
No  change  in  acidity  was  found.     Copper  had  not  been  at- 
tacked. 

Second  Set — Sealed,  1  per  cent  water. 

Lard  alone:   Odor,  good;   Kreis  test,  negative. 

Lard  and  copper:   Odor,  good;    Kreis  test,  negative. 

Copper  showed  no  evidence  of  having  been  attacked.  The 
acidity  of  the  lard  alone  had  increased  to  0.44  per  cent  and  of 
the  lard  with  copper  to  0.37  per  cent,  calculated  as  oleic  acid. 

Third  .Set — Open  in  air.     No  moisture. 
Lard  alone:   Odor,  rancid;   Kreis  test,  intense. 
Lard  and  copper:   Odor,  rancid;   Kreis  test,  intense. 
The  lard  of  the  lard  and  copper  was  green  in  color,  showing 
that  the  copper  had  been  attacked. 

Fourth  Set — Open  in  air,  1  per  cent  water. 
Lard  alone:   Odor,  rancid;   Kreis  test,  strong. 
Lard  and  copper:   Odor,  rancid;   Kreis  test,  intense. 
The  copper  had  been  attacked,  as  was  evidenced  by  the  green 
color  of  the  fat. 


Table  lla — Relative  Effect  of  Air,, Oxygen,  and  Carbon  Dioxide  in  V 


NG  Rancidity 


Date 
1912 

10/14 

10/2S 
11/8 
11/21 


-Atmosphere  of  Air- 
Lard  and 
Tin 


r . 

Lard  and 
Copper 

. Atmosphere  of  Oxygei 

Lard  and 
Lard                    Tin 
Kreis  Tisl 

Lard  and 
Copper 

. Att 

Lard 

nosphcre    of 

Lard  and 

Tin 

CO. . 

Lard  and 
Copper 

-1-5 
-t-5 
-1-5 

+3                       -f4 
+  5                       -f5 
-1-5                       -H5 

-1-5 
-H5 
+  5 

Kot  tested 
Not  tested 

-1-1 

Not  tested 
Not  tested 

-1-4 

Not  tested 
Not  tested 

-l-S 

is  true  that  the  complete  absence  of  air,  or  oxygen,  was  not 
proved,  but  the  amount  of  residual,  or  adventitious,  air  or 
oxygen  present  must  have  been,  in  comparison  ■R'ith  the 
amount  of  carbon  dioxide,  extremely  small.  These  experi- 
ments certainly  indicate  that  carbon  dioxide  may  promote 
the  production  of  rancidity.  While  this  observation  was 
considered  important  and  interesting,  time  did  not  permit 
of  a  more  extended  investigation. 

Effect  of  Exclusion  of  Air  on  Development 
OF  Rancidity 

Series  III — Since  the  rate  of  development  of  rancidity 
in  fats  stored  in  air  and  carbon  dioxide  appeared  to  be  prac- 
tically the  same,  the  method  which  had  been  planned  of 
securing  exclusion  of  air  by  replacing  it  with  carbon  dioxide, 
both  with  and  'without  contact  with  metals,  was  abandoned. 
Complete  exclusion  of  air  was  obtained  by  completelj'  filling 
the  container  with  the  melted  fat  and  then  forcing  a  cork 
stopper  into  the  flask.  The  fat  which  was  forced  out  was 
removed  by  washing  with  ether,  and  the  cork  was  then 
sealed  with  wax.  The  effect  of  the  presence  of  moisture  on 
the  rate  of  development  of  rancidity  was  included  in  this 
test.     In  detail  the  tests  were  as  follows: 

First  Set — A  20-cc.  bottle  was  filled  with  lard,  and  a  second 
one  with  lard  in  which  three  bright  copper  strips  were  placed. 
The  bottles  were  corked  and  sealed. 

Second  Set — A  20-cc.  bottle  was  filled  with  lard,  and  a  second 
one  with  lard  in  which  three  bright  copper  strips  were  placed; 
0.2  cc.  of  water  was  added  to  each,  and  they  were  sealed  and  well 
shaken. 

Third  Set — A  20-cc.  bottle  was  filled  with  lard  and  a  second 
one  with  lard  in  which  three  strips  of  copper  were  placed;  they 
were  allowed  to  remain  open  and  exposed  to  the  air. 

FoUKTH  Set — A  20-cc.  bottle  was  filled  with  lard  and  a  second 
one  with  lard  in  which  three  copper  strips  were  placed;  0.2  cc. 
of  water  was  added  to  each,  after  which  they  were  well  shaken, 
and  allowed  to  remain  open  and  exposed  to  the  air. 

The  lard  used  in  all  of  the  above  tests  was  freshly  rendered 
from  leaf  fat  and  contained  0.22  per  cent  of  free  fatty  acids 
calculated  as  oleic  acid.  After  filling;  all  bottles  were  placed 
upon  a  laboratory  table  directly  below  a  window  facing  the 
east.  They  remained  upon  this  table  from  June  13  to  Octo- 
ber 1,  when  they  were  examined. 


It  is  clearly  evident  from  the  foregoing  tests  that  oxygen, 
either  free  or  combined,  is  an  essential  in  the  production  of 
rancidity  in  fats,  whether  metals  or  moisture,  or  both,  be 
present.  Further,  direct  sunlight  and  summer  temperatures 
did  not  cause  the  production  of  rancidity  in  fats  which  were 
protected  from  the  access  of  air.  It  will  also  be  noted  that 
of  the  fats  in  the  sealed  containers,  those  in  which  moisture 
was  present  became  rancid  somew^hat  more  slowly. 

Production  of  Rancidity  in  Corn  Oil  and 
Cottonseed  Oil  as  Affected  by  Metals 

Series  V — Corn  oil  and  cottonseed  oil  do  not  become 
rancid  as  rapidly  as  animal  fats,  perhaps  on  account  of  the 
fact  that  they  contain  glycerides  of  the  lesser  saturated  fatty 
acids.  To  determine  the  influence  of  metals  on  the  produc- 
tion of  rancidity  in  these  oils,  the  follo-ning  test  was  con- 
ducted: 

Cottonseed  oil  (20-cc.  samples)  was  placed  in  each  of  seven 
50-cc.  glass  beakers,  and  in  each  of  six  of  these  was  placed  a 
weighed  0.75-in.  square  of  iron,  lead,  tin,  zinc,  copper,  and  alu- 
minium, respectively.  To  the  remaining  beaker  no  metal  was 
added.  They  were  then  allowed  to  remain  for  3  wks.  upon  a 
laboratory  table  exposed  to  light,  when  the  metals  were  removed 
and  the  loss  in  weight  of  each  metal,  the  acidity,  and  the  rancidity 
of  the  oil  were  determined.     The  results  are  shown  in  Table  III. 

At  the  same  time  and  under  identical  conditions,  similar  tests 
were  conducted  with  com  oil  and  lard.  In  the  case  of  lard, 
however,  changes  in  acidity  were  not  determined. 

The  cottonseed  oil  (iodine  value  =  105.36;  acid  value  = 
0.17)  and  the  corn  oil  (iodine  value  =  119.1;  acid  value  = 
0.86)  were  purchased  in  the  open  market  and  represent  a  good 
grade  of  the  commercial  product. 

Rancidity  failed  to  develop  in  any  one  of  the  three  samples 
in  which  no  metal  had  been  placed,  although  the  acidity  of 
both  the  corn  oil  and  cottonseed  oil  was  slightly  diminished. 
Of  the  samples  of  cottonseed  oil  in  contact  with  metals,  those 
in  which  iron,  lead,  and  copper  had  been  placed  showed,  b}' 
the  Kreis  test,  marked  rancidity,  while  the  one  with  zinc 
gave  only  a  slight  positive  reaction.  The  samples  containing 
aluminium  and  tin,  when  subjected  to  this  test,  aJEforded  a  blue 
color,  not  before  noted,  but  which,  nevertheless,  was  regarded 
as  due  to  the  development  of  rancidity,  or  at  least  to  a  similar 
change  in  the  fat.    The  acidity  of  all  the  samples  of  cotton- 
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Tabls  III — Effect  of  Mstai.s  on  Production  of  Rancidity  in  Cottonseed  Oil  and  Corn  On,' 
-Iron .    . Leap  *   * Copper .  ^ Zinc ^    * — Aluiainiuu — '      * 


Pat  or  On. 
CottooMcd 
Corn 
Lard 


"3  S  »      .'S 

o<  --S     < 

0.17  0.0  0.05 

1.86  0.0  1.86 

..  0.0       .. 


I  ThrM-w«k  exposure. 


+4  0.0  0.05 
+  1  3.1  1.18 
+  5     0.0       .. 


+  5       1.4 


+  1  0.0 
-  0.0 
+3     0.0 


<         U!H 
0.05     (Blue) 
2.25        - 

+  4 


0.0 
0.1 
0.3 


(Blue) 
+  3 
+  3 


Table  IV — Effect  of  Coatings  on  Metals  in  Proddction  i 


DATS 

igi2 

8/1 


8/6 
8/8 
8/10 
8/13 
8/lS 
8/17 
8/20 
8/33 
8/24 
8/37 
8/2« 
a/31 


Lard 

(Glass  Cup) 
Kieis 
Odor  Test 


Lard 
CBakelized 
Tin  Cup) 

Kreis 
lor  Test 


+  2 
+3 
+3 
+  3 
+4 


+  2  +2  +5 

ConUined  1.2  mg.  copper  per  50  g.  fat. 


+2 
+  2 
+2 
+  2 
+3 
+  3 
+3 
+  3 
+3 


+  3 
+  4 
+4 
+4 
+  5 
+5 
+6 


Lard 
(Bakelized 
Galv.  Iron 

Cup) 


Lard 

(Galv.  Iron 

Cup) 

Kreis 
Ddor  Test 

+2 
+  2 
+  2 


+  2 
+2 
+2 
+3 
+  3 


+  3 

+3 


Lard  and 
Bakelized 
Copper 
(Glass  Cup) 
Kreis 
Odor  Test 

+  2 
+2 
+  3 
+3 
+  1  +4 

+  1  +5 

+  1  +5 

+  2  +6 

+  3  +5 

(') 


Lard  and 

Copper 

(Glass  Cup) 

Kreis 
dor  Test 

+  2 
+  1  +3 

+  1  +3 

+  2  +4 

+  3  +4 

+  3  +5 

+  3  +5 

+3  +5 


seed  oil  decreased  with  the  exception  of  that  of  the  oil  in  con- 
tact with  lead.  Lead  in  cottonseed  oil  lost  68.3  mg.  in  weight, 
and  zinc  1.4  mg.;  the  other  metals  suffered  no  determinable 
loss.  It  appears  from  this  that  cottonseed  oil  in  contact  with 
metals  develops  rancidity  more  rapidly  than  cottonseed  oil 
stored  in  glass  alone,  even  when  the  metals  suffer  no  apparent 
loss  of  weight. 

Com  oil  was  not  affected  as  much  by  contact  with  metals 
as  was  the  cottonseed  oil ;  only  those  samples  in  contact  with 
lead,  copper,  and  tin  developed  rancidity.  Lead,  copper,  and 
zinc  lost  appreciably  in  weight;  tin,  but  slightly,  while  iron 
and  aluminium  showed  no  loss.  The  original  acidity  of  the 
com  oil  remained  unchanged  in  contact  with  iron,  while  in 
contact  with  lead,  zinc,  tin,  and  copper,  and  even  in  glass 
alone,  decreased  acidities  resulted.  The  oil  in  contact  with 
aluminium,  however,  increased  in  acidity.  It  appears  that 
contact  with  metals  promotes  development  of  rancidity  in 
com  oil.  Some  metals  act  more  energetically  than  others, 
but  in  no  case  is  com  oil  as  greatly  affected  as  cottonseed  oil 
under  similar  conditions. 

All  of  the  lard  samples  in  contact  with  metals  developed 
rancidity  even  when  the  metal  itself  was  apparently  not 
attacked,  while  rancidity  did  not  develop  in  the  lard  not  in 
contact  with  a  metal. 

It  will  be  further  noted  that  the  oils  in  contact  with  copper 
developed  rancidity  more  rapidly  than  those  in  contact  with 
other  metals;  those  in  contact  with  tin  and  aluminium  were 
the  least  affected. 

The  Value  of  Protective  Coatings  on  Metal 
IN  Preve.ntino  Production  of  Rancidity 

Series  VI — As  metallic  containers  for  fats  are  by  far  the 
most  common,  having  been  found  by  experience  to  be  the 
moat  adaptable,  and  a.s  contact  of  metals  with  fats  undoubt- 
edly hastens  the  development  of  rancidity,  an  attempt  was 
made  to  determine  the  influence  of  a  protective  coating  of 
lacquer.  The  lacquer  selected  for  this  [jurpose  was  bakeUte 
and  was  applied  in  the  manner  directed  by  the  manufacturer; 
that  is,  the  thoroughly  cleansed  metal  was  painted  with  the 
lacquer  and,  after  being  dried,  was  heated  while  under  air 
pressure. 

Copper,  tin,  and  galvanized  iron  were  employed  in  the  test. 
Portions  of  lard  (100  g.)  were  placed  in  a  lacquered  tin  cup, 
in  an  untreated  tin  cup,  in  .-i  lacquered  galvanized  iron  cup, 
and  in  an  untreated  galvanized  iron  cup,  all  cups  being  of 
practically  the  same  size.    In  the  test  with  copper  both 


lacquered  and  untreated  copper  strips  of  the  same  size  and 
shape  were  submerged  in  separate  5()-g.  portions  of  lard  con- 
tained in  100-cc.  glass  beakers.  With  50  g.  of  the  lard  in  a 
glass  beaker  as  a  check,  all  of  the  samples  were  placed  upon 
a  laboratory  table  exposed  to  the  light,  portions  being  removed 
from  time  to  time  by  carefully  melting,  stirring,  and  with- 
drawing small  equivalent  amounts  of  the  fat.  The  results 
of  rancidity  tests  are  shown  in  Table  IV. 

It  will  be  noted  that  in  each  case  rancidity  developed  earlier 
in  the  fat  exposed  to  the  unlacquered  metal.  The  difference 
in  the  time  of  appearance  of  rancidity  in  the  fat  exposed  with 
the  protected  and  unprotected  copper  strips  is  very  slight; 
however,  the  lard  containing  the  protected  copper  strip 
showed  at  an  early  date  the  green  color  of  copper  soaps,  and 
on  analysis  was  found  to  contain  2.4  mg.  of  copper  per  100 
g.  of  fat,  showing  that  the  bakelite  coating  upon  the  strips 
was  not  intact.' 

The  greatest  difference  in  the  time  of  the  appearance  of 
rancidity  is  found  in  the  case  of  the  galvanized  iron  cups. 
In  the  unprotected  galvanized  iron  cup,  the  lard  was  faintly 
rancid  by  the  Kreis  test  on  the  sixth  day,  while  the  lard  in  the 
protected  cup  did  not  give  a  faintly  positive  ICreis  test  until 
between  the  twenty-seventh  and  twenty-ninth  days;  and, 
as  the  lard  in  glass  showed  a  very  faint  Kreis  reaction  on  the 
twenty-ninth  day,  the  protective  coating  on  the  galvanized 
iron  cup  was  evidently  efficient. 

In  the  tin  cups,  the  lard  in  the  unprotected  cup  showed  a 
faint  Kreis  test  on  the  sixth  day,  and  in  the  protected  cup, 
between  the  seventeenth  and  twentieth  days. 

These  tests  indicate: 

1 — The  production  of  rancidity  in  fats  is  hastened  by  contact 
with  metals. 

2 — A  continuous  and  unbroken  coating  of  lacquer  upon  a 
metaUic  container  efTectually  prevents  the  effect  of  the  metal  in 
promoting  rapid  production  of  rancidity. 


*  Copper  strips  lacquered  witli  bakelite,  immersed  in  lard,  were  kept 
exposed  to  air  for  several  weeks  at  an  elevated  temperature  of  70"  C.  with 
complete  protection  of  the  metal. 


The  American  Relief  Administration  recently  forwarded  to 
Russia  a  consignment  of  scientific  literature  selected  by  various 
bureaus  of  the  Department  of  Agriculture,  for  the  purpose  of 
supplying  Russian  men  of  science  with  the  results  of  American 
scientific  work  accomplished  since  1914.  Since  that  time  very 
few  scientific  publications  from  America  have  entered  Russia. 
ArranKements  were  made  through  the  American  Committee  to 
Aid  Russian  Scientists  with  Scientific  Literature. 
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The  Determination  of  the  pH  Vahie  of  Commercial 
Glucose  as  a  Substitute  for  the  Candy  Test' 


By  Otto  A.  Sjostrom' 
Corn  Products  RsriNiNo  Co.,  Aroo,  Illinois 


f  In  the  following  paper  a  simple  method  is  gioen  /or  the  accurate 
determination  of  the  actual  acidity  of  glucose  hy  means  of  colori- 
metric  comparison  with  standards  of  l^nown  pH. 

The  difficulties  and  inconveniences  connected  with  the  use  of  the 
candy  test  as  a  measure  of  the  inoerting  power  of  commercial  glucose 
are  pointed  out. 

The  relation  between  the  inverting  effect  of  glucose  as  found  from 
the  candy  test  and  the  pH  value  for  a  definite  concentration  has  been 
determined  and  expressed  in  the  form  of  a  curve. 

COMMERCIAL  glucose  is  used  mainly  for  two  purposes; 
for  the  mi.xing  and  blending  of  table  sirups  and  for 
the  manufacture  of  candy.  Corresponding  to  these 
uses  the  glucose  is  manufactured  and  put  on  the  market  in 
two  brands,  mixing  glucose  and  confectioners',  or  crystal, 
glucose.  The  mixing  glucose  is  lighter,  about  40°  B6.,  the 
gravity  varying  according  to  the  season  of  the  year  and  to  the 
climate  of  the  territory  in  which  the  table  sirup  is  to  be  con- 
sumed. The  crystal  glucose  is  furnished  in  brands  of  defi- 
nite gravity,  from  42°  to  45°  B6.  The  essential  difference 
between  these  two  brands  is  that  of  gra\'ity.  In  one  respect, 
however,  the  standards  of  quality  are  more  definite  for  the 
crystal  than  for  the  mixing  glucose  and  that  is  in  regard  to 
the  acidity  of  the  finished  product. 

As  is  well  known,  dextrose  is  readily  decomposed  by  the 
action  of  even  very  small  amounts  of  alkali  and  a  sUght 
acidity  is  therefore  essential  to  the  keeping  quality  of  glucose. 
This  acidity  is  of  no  detriment  in  the  mixing  glucose  and 
might  even  be  considered  beneficial,  as  it  promotes  the  inver- 
sion of  the  cane  products  with  which  the  glucose  is  blended. 
But  in  the  case  of  crystal  glucose  an  excess  of  acidity,  even  if 
slight,  over  a  certain  limit  established  on  the  basis  of  practi- 
cal experience  is  detrimental  to  the  quality  of  the  product 
from  the  candy-maker's  point  of  view.  When  in  the  manu- 
facture of  candy  glucose  is  boiled  with  cane  sugar,  inversion 
of  the  latter  takes  place  to  an  extent  deternuned  by  the  acidity 
of  the  glucose.  A  small  degree  of  inversion  does  no  harm  and 
is  possibly  desirable  in  some  cases,  but  when  the  formation 
of  invert  sugar  goes  beyond  a  certain  limit  the  quality  of  the 
candy  suffers;  tliis  applies  particularly  to  the  different 
kinds  of  so-called  "hard  candy."  The  candy  becomes  hy- 
groscopic or,  to  speak  with  the  candy-maker,  "sticky"  very 
easily.  This  is  due  to  the  presence  of  levulose,  which  is 
more  hygroscopic  than  the  other  sugars.  Of  course,  under 
certain  conditions  of  temperature  and  humidity  all  candy 
will  become  "sticky."  There  are  no  particular  standards  to 
meet  in  this  respect  but  the  candy-maker  knows  by  expe- 
rience how  much  the  candy  can  be  expected  to  stand  under 
certain  atmospheric  conditions,  and  when  the  candy  is  "out 
of  the  ordinary"  he  lodges  a  complaint  with  the  glucose 
manufacturer. 

The  acidity  of  glucose  is  low,  usually  about  0.01  per  cent 
expressed  as  HCl,  using  phenolphthalein  as  indicator.  This 
acidity  is  due  to  acid  phosphates  and  organic  acids  which  are 
present  in  varying  amounts.     It  is  natural  that  there  should 

'  Presented  before  the  Division  of  Sugar  Chemistry  at  the  63rd  Meeting 
of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7,  1922. 
«  Research  Chemist,  Com  Products  Refining  Company. 


be  certain  fluctuations  in  the  acidity  of  the  finished  batches  of 
glucose,  due  to  varying  conditions  in  the  different  stages  of  a 
rather  complicated  manufacturing  process  and  sometimes  to 
differences  in  the  raw  material  of  manufacture.  The  most 
convenient  way  of  keeping  track  of  the  acidity  would  of 
course  be  to  determine  the  same  for  each  batch  by  titration, 
but  while  this  is  always  done  as  a  matter  of  record  it  has  long 
been  known  that  the  titration  is  not  a  sufficient  or  correct 
index  of  the  suitability  of  glucose  for  the  candy  manufacturer. 
The  practice  has  therefore  been  to  apply  a  test  to  the  glucose 
which  imitates  the  conditions  under  which  the  product  is  to 
be  used.  This  "candy  test"  is  carried  out  in  the  following 
manner: 

Glucose,  cane  sugar,  and  water  in  definite  proportions  are 
heated  in  a  copper  pan  at  such  a  rate  that  the  temperature  of 
the  mixture  reaches  320°  F.  in  25  min.  The  contents  of  the  pan 
are  then  poured  out  on  a  marble  slab  and  left  to  cool.  All 
operations  are  carried  out  according  to  detailed  and  rigid  in- 
structions. A  table  showing  the  relation  between  temperature 
and  time  has  to  be  followed  to  the  second.  After  cooling,  the 
candy  is  broken  up,  an  average  sample  is  taken,  and  from  this 
sample  5  g.  are  weighed  out  and  dissolved  in  a  100-cc.  flask 
which  is  filled  to  the  mark.  In  this  solution  the  reducing  sugar 
is  determined  in  the  ordinary  way  with  Fehling's  solution  by 
titration. 

The  reducing  sugar  foimd  represents  the  sum  of  the  dextrose 
from  the  glucose  used  in  the  test  and  the  invert  sugar  formed 
from  the  cane  sugar  during  the  heating.  For  the  sake  of  sim- 
plicity the  reducing  sugar  is  all  counted  as  dextrose.  The  dex- 
trose from  the  glucose  can  be  calculated  from  the  dry  substance 
of  the  latter,  and  a  table  has  been  worked  out  which  gives  this 
dextrose  as  per  cent  of  the  total  dry  substance  of  the  candy  for 
varying  purities.  In  another  table  the  results  of  the  titration  for 
total  dextrose  are  expressed  as  per  cent  of  total  dry  substance. 
The  difference  between  the  latter  value  and  the  value  found 
from  the  first  table  gives  the  amount  of  invert  sugar  in  the 
candy.  The  permissible  maximum  of  invert  sugar  has  been 
fixed  to  8.5  per  cent,  and  any  batch  of  glucose  which  gives  a 
higher  inversion  is  diverted  to  the  table  sirup  department. 

The  candy  test  gives  also  important  information  about  the 
quality  of  the  glucose  in  other  respects,  when  interpreted  on 
the  basis  of  practical  experience.  It  is  therefore  indispensable 
to  the  glucose  manufactiu-er. 

For  general  information  about  the  quality  of  the  glucose 
occasional  tests  are  sufficient.  But  for  information  about 
acidity  every  batch  has  to  be  tested,  if  the  record  is  to  be 
kept  complete,  and  with  only  this  test  available  the  control 
work  becomes  quite  a  problem  for  the  laboratory,  especially 
if  the  output  of  the  plant  is  large. 

The  test  is  cumbersome  and  time-consuming  and  requires 
the  undivided  attention  of  the  operator,  who  consequently 
can  attend  to  only  one  test  at  the  time.  The  least  careless- 
ness on  the  operator's  part  results  in  incorrect  data  on  the 
acidity  effect,  as  the  degree  of  inversion  is  very  sensitive  to 
any  de\'iation  from  the  time-temperature  schedule  and  the 
anal5rtical  part  has  to  be  carried  out  accurately  to  give  re- 
liable results. 

Htdrogen-Ion  Me.^urements 

It  occurred  to  the  writer  that  sufficient  information  about 
the  inverting  power  of  glucose  could  be  gained  in  a  much 
more  simple  and  rapid  way  by  applying  some  of  the  prin- 
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ciples  of  physical  cliemistry  to  this  problem.  The  varying 
quantities  of  organic  and  inorganic  acids  in  the  glucose  de- 
termine the  degree  of  inversion  by  virtue  of  the  concentra- 
tion of  the  hydrogen  ion  to  which  they  give  rise.  The 
methods  for  the  determination  of  this  concentration  have 
been  worked  out  carefully  and  are  finding  widespread  in- 
dustrial application.  The  investigation  was  therefore  a 
matter  of  determining  the  pH  values  of  a  number  of  glucose 
samples,  the  inversion  figures  of  which  were  known  from  the 
candy  tests,  and  expressing  the  connection  between  these 
values  in  the  form  of  a  curve. 

Both  the  colorimetric  and  the  electrometric  method  have 
been  used.  The  latter,  of  course,  has  its  place  in  an  investi- 
gation of  this  nature;  but  for  routine  work  the  colorimetric 
method  is  the  only  one  to  be  considered.  It  is  simple, 
rapid,  quite  accurate,  if  carried  out  with  due  attention  to 
details,  and — last  but  not  least — almost  foolproof. 

The  pH  values  of  glucose  solutions,  under  the  conditions  of 
test  which  will  be  spoken  of  later,  range  between  3.5  and  5.5 
pH.  For  standard  solutions  covering  this  range  either  the 
Sorensen  citrate  mixtures  or  the  more  recently  suggested 
phthalate  mixtures  can  be  used.  The  writer  from  long 
familiarity  prefers  the  former  and  cannot  find  that  the  latter 
offer  any  advantages,  in  spite  of  claims  for  greater  conve- 
nience in  preparation.  Besides,  citric  acid  is  cheap  and  can 
easily  be  obtained  in  sufficiently  pure  quality. 

The  composition  of  the  citrate  mixtures  for  different  pH 
values  is  given  in  Clark's  well-known  treatise.'  However, 
the  intervals  of  pH  in  Clark's  table  are  quite  irregular  and 
considerable  interjwlation  is  necessary  to  find  the  relations  for 
increments  of  0.1  pH.  The  WTiter  has  therefore  used  the 
excellent  diagram  found  in  Miciiaelis's  book,*  from  which  a 
table  can  be  made  up  co\'cring  the  desired  range. 

The  indicator  which  covers  most  closely  the  range  in  this 
work  is  methyl  red.  For  acidities  in  the  vicinity  of  and 
above  4.0  pH  bromophenol  blue  would  be  more  convenient, 
as  in  this  part  of  the  range  the  color  changes  of  the  latter  arc 
much  more  marked  than  tiiosc  of  methyl  red.  Besides, 
bromophenol  blue  is  very  [lermanent,  whereas  the  methyl-red 
colors  fade  rather  rapidly  and  can  be  used  only  for  immediate 
readings,  within  half  an  hour  after  addition.  The  great 
didiculty  with  bromophenol  blue  is,  however,  that  the  color 
which  it  imparts  to  glucose  .solutions  is  of  a  different  quality 
from  that  of  a  standard  solution  of  the  same  pH.  The 
main  difference  seems  to  be  tliat  the  red  is  more  strongly 
absorbed  in  a  glucose  solution,  so  that  the  latter  in  daylight 
appears  blue,  whereas  a  standard  solution  is  purplish  blue  or 
violet.  Clark,  in  the  chapter  on  "Optic;vl  .\spects,"  discusses 
this  phenomenon  as  observed  in  turbid  solutions  with  bromo- 
phenol blue  and  suggests  the  use  of  a  light  screen  of  a  certain 
quality  in  order  approximately  to  equalize  the  colors.  Ac- 
cordingly, various  screens  were  tried,  but  in  the  case  of 
glucose  the  difference  in  color  character  is  so  great  that  it 
wa.s  not  possible  to  devise  an  arrangement  for  tlie  equalizing 
of  the  colors  without  at  the  same  time  reducing  the  sensi- 
tiveness of  the  method  too  far  for  accurate  color  comparison. 
It  miglit  be  mentioned  that  by  working  with  electrometrical 
mea.surcments  as  a  guide  the  eye  can  be  trained  to  these  pe- 
culiarities, so  that  after  some  practice  very  close  guesses  of 
pll  values  can  be  made.  Methyl  red,  however,  gives  prac- 
tically the  same  hue  of  color  with  glucose  solutions  a-s  with 
the  standards  and  the  color  changes  are  sufficiently  marked 
to  allow  d.'terminations  to  0.1  pH,  although  in  the  more  acid 
part  of  the  range  the  changes  are  of  course  in  the  color  value 
rather  than  in  the  hue. 

For  the  color  comparison  a  simple  comparator  on  the  Wal- 

•  "The  Determination  of  tht  Hydrogen  Ions,"  p.  82, 

•  MIclwcUs,  "Die  WaucrstofT  loneu  Concentration,"  p.  173. 


pole  principle,  such  as  the  one  recommended  by  Clark, 
answers  all  purposes.  The  comparisons  are  facilitated  by 
the  fact  that  glucose  solutions  are  clear  and  not  at  all  or  very 
slightly  colored.  The  work  should  be  done  in  daylight  and 
it  is  very  essential  to  accuracy  that  the  light  be  uniform. 
An  excellent  illumination  for  observations  is  the  reflected 
light  from  a  large  plate  of  white  enamel  glasS;  of  the  kind  com- 
monly used  for  sanitary  table  tops,  which  is  laid  on  a  table 
close  to  a  window.  In  this  light  all  irregularities  due  to 
clouds  in  the  sky  are  eliminated. 

In  this  connection  some  points  concerning  the  physiological 
side  of  color  comparison  should  be  mentioned  which  apply 
more  or  less  to  all  colorimetric  work.  All  indi\ndual  color 
comparison  is  eminently  a  matter  of  rapid  and  concentrated 
action,  especially  when  judging  different  values  of  the  same 
color.  It  is  in  tlie  first  moment  of  \'ision  that  the  eye  per- 
ceives most  sharply  the  difference  between  values.  Pro- 
longed observation  only  lowers  the  power  of  discrimination. 
The  best  way  to  observe  is  therefore  to  "flash"  the  colors. 
The  comparator  block  is  held  in  a  tilted  position  with  the 
field  dark,  and  by  a  uniform  angular  movement  of  the  hand 
the  color  disks  are  made  to  appear  and  disappear  in  the  same 
manner  as  if  a  screen  were  raised  and  lowered  over  the  ob- 
servation holes.  The  operation  is  repeated  as  many  times  as 
necessary.  By  working  in  this  way  the  eye  also  gets  a  short 
rest  between  each  observation,  and  color  values  can  be  read 
with  great  accuracy  and  with  very  little  tiring  effect  on  the 
eye.  Color  fatigue  from  prolonged  observation  manifests 
itself  in  a  peculiar  way.  At  first  there  is  a  decrea.se  in  the 
power  of  discrimination ;  then  a  rather  sudden  change  takes 
place  into  a  gross  irregularity  of  perception  and  the  observa- 
tions become  entirely  unreliable.  Fortunately  the  ej-e  re- 
covers very  quickly  from  a  fatigue  of  this  kind  but  in  the  mean- 
time mistakes  might  easily  have  been  made.  It  is  therefore 
advisable  to  guard  against  errors  from  this  source  by  making 
the  observations  in  the  manner  suggested,  by  "flashing," 
especially  in  the  range  close  to  4.0  pH. 

Colorimetric  Test  of  Glucose 

The  colorimetric  test  of  finished  glucose  batches  is  made 
as  follows:  The  samples  are  first  diluted  to  22°  B6.  This 
arbitrary  concentration  has  been  chosen  as  a  compromise, 
in  consideration  of  the  facts  that  on  one  hand  the  pH  value 
is  less  influenced  by  other  factors  and  consequently  more  rep- 
resentative the  less  the  sample  is  diluted,  and  that  on  the 
other  hand  dilution  is  necessary  in  order  to  handle  the  sam- 
ples in  test  tubes  and  get  a  uniform  mixture  with  the  indicator. 
A  practical  point  of  advantage  in  regard  to  dilution  is  that 
the  gi'avity  docs  not  have  to  be  exactly  the  same  for  every 
sample.  The  effect  on  the  pH  value  of  a  variation  of  a  few 
tenths  on  either  side  of  22°  136.  is  so  small  that  it  can  be  neg- 
lected. 

The  comparisons  are  made  on  10-cc.  samples  of  glucose 
solutions  and  standards,  to  each  of  which  exactly  0.2  cc. 
of  a  0.02  per  cent  alcoholic  solution  of  methyl  red  has  been 
added.  This  amount  of  indicator  was  determined  by  ex- 
periment. When  rather  exact  information  on  pH  values  is 
needed,  as  in  this  case,  it  is  essential  to  establish  as  closely 
as  possible  that  strength  of  color  which  will  give  the  maximum 
of  color  differences  for  variations  of  pH.  It  was  found  that 
with  tiie  above  amount  a  maximum  of  sensitiveness  was 
attained.  The  strength  of  color  for  a  given  proportion  be- 
tween indicator  and  volume  of  solution  depends  of  course 
upon  tiie  lumen  of  the  test  tubes  used. 

By  carrying  out  the  color  comparisons  in  the  maimer  de- 
scribed the  pH  values  can  be  determined  to  0.1  pH  in  the 
upper,  more  acid  part  of  the  series,  and  to  0.05  pH  in  the  lower 
part.  For  ordinary  routine  work  the  standards  are  made  up 
in  increments  of  0.2  pH  and  the  pH  values  estimated  to  0. 1  pH. 
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COMPAMSON  W'ITU  CaNDY  TeST  RESULTS 

The  numerical  relation  between  tlie  inversion  figures  from 
the  candy  tests  and  the  pH  values  for  glucose  diluted  to  22° 
B6.  is  showii  in  Fig.  1.  Tlie  samples  were  selected  according 
to  candy  tests  already  made  and  the  figure  represents  the 
original  data  upon  which  the  relation  was  based.  From 
the  dilTerence  in  inversion  results  for  the  sani(>  pi  I  \-aIuc  it 
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can  be  seen  that  the  candy  test  is  far  from  reliable  when  made 
under  conditions  wliich  require  a  comparatively  large  number 
of  tests  to  be  completed  within  a  limited  time.  It  is  interesting 
to  note  that  the  points  are  grouped  so  as  to  form  a  sort  of 
lane  and  are  about  equally  distributed  on  both  sides  of  this 
lane.  The  curve  was  therefore  dra-mi  through  this  lane  and 
represents  in  an  approximate  way  the  average  of  these  values. 
From  a  great  number  of  additional  comparisons  in  which  the 
candy  tests  were  made  with  particular  care  the  relation  be- 
tween the  values  has  been  found  to  correspond  fairly  well  to 
tliis  cur^■e,  except  in  occasionally  occurring  batches  of  very 
high  or  low  pH.  Such  batches  give  irregular  inversion 
results.  It  happens  occasionally  that  the  candy  test  gives 
an  inversion  figure  quite  inconsistent  with  the  pH  value, 
but  careful  repetition  of  the  test  has  shown  e\'ery  time  that 
the  fii-st  result  was  incorrect  and  due  to  an  error  of  some  kind 
in  the  work. 

Table  I — Relation  between  pH  Value  and  Inversion 
Invert  Sugar 
pH  Per  cent 

3  6  16-30  (irregular) 

3.7  13 

3.S  U 

3.9  10  ^ 

4.0  9.3 

4.1  S.7 

4.2  8.1 

4.3  7.5 

4.4  6-9 


4..T 
4.6 
4.7 
4.8 
4.9 


6.0 
5.6 
5.2 

4.S 
4.5 


4.1  and  4.2.  In  order  to  be  on  the  safe  aide  we  have  made 
it  a  rule  to  consider  4.3  fis  the  upper  limit  of  acidity.  A 
glucose  of  4.3  or  higher  numerical  value  is  pjis.sod  without 
further  test.  If  the  value  is  4.2,  a  careful  candy  test  i.s  made 
and  the  batch  is  passed  or  not,  according  to  the  result  of  this 
test.  The  general  run  of  pH  values  is  in  the  range  between 
4.5  and  4.9. 

The  relation  which  has  thus  been  established  between  pll 
value  and  inversion  may  not  hold  in  the  same  numerical  way 
under  all  conditions,  that  is,  with  gluco.se  of  less  uniform 
purity  tiian  the  product  manufactured  at  the  plant  where 
this  investigation  was  carried  out,  or  with  glucose  made 
under  different  manufacturing  conditions.  It  is  not  likely, 
however,  that  the  difference  would  be  great,  and  it  would  at 
any  rate  be  a  comparatively  easy  matter  to  find  the  prop<!r 
relation  with  the  aid  of  the  information  given  in  this  paper. 


Note  on  the  Use  of  the  Mohr  Pipet' 

By  Wayne  D.  Her 

Kentucky   Aoriculturai,    Experiment   St.^tion, 
Lbxinoton,  KENTucry 

Ha\'ing  frequent  occasion  to  use  the  Mohr  pipet  for  small 
titrations,  the  writer  has  found  the  following  device  of  great 
assistance,  and  as  he  has  no  recollection  of  having  seen  this 
particular  apphcation  of  an  old  device  described  in  print, 
it  is  here  given  for  what  it  may  be  worth. 

A  piece  of  rubber  tubing  about  4  cm.  in  length  is  slipped 
over  the  top  of  the  pipet;  a  glass  bead  is  placed  in  the  tube, 
and  a  short,  glass  mouth-piece  is  fitted  into  the  other  end 
of  the  tube.  A  sUght  pressure  over  the  glass  bead  with  the 
thumb  and  forefinger  allows  the  pipet  to  be  filled  or  emptied, 
and  it  is  readily  cleaned  after  slipping  the  whole  device  off 
the  pipet. 

This  device  has  the  foUomng  advantages: 

(1)  It  prevents  the  fatigue  induced  by  holding  the  finger 
tightly  over  the  top  of  the  pipet. 

(2)  It  makes  no  difference  whether  the  fingers  be  wet  or  dry, 
whereas,  in  the  ordinary  manner  of  using  the  pipet,  the  finger 
and  the  top  of  the  pipet  must  be  reasonably  dry. 

(3)  It  makes  possible  a  greater  degree  of  accuracy  in  titrations, 
as  the  liquid  is  automatically  held  in  the  pipet  until  released  by 
pressure  on  the  rubber  tube,  and  this  pressure  can  be  so  regulated 
as  to  "split  drops"  with  great  ease. 

(4)  It  is  possible  to  make  a  series  of  small  titrations  with  one 
filling  of  the  pipet.  as  the  pipet  can  be  transferred  from  one  hand 
to  the  other,  or  placed  in  a  clamp-stand  while  recording  results. 

(5)  In  case  the  top  of  the  pipet  becomes  broken  or  nicked, 
it  is  still  possible  to  use  it  by  means  of  this  device. 

To  obtain  satisfactory  results,  the  bead  must  fit  the  rubber 
tube  fairly  tightly,  and  it  may  be  found  necessary  to  renew 
the  tube  frequently,  but  the  wiiter  has  found  the  device 
verj'  satisfactory,  and  well  worth  the  small  amount  of  trouble 
involved  in  keeping  it  in  order. 

1  Received  June  1,  1922. 


The  average  relation  between  pH  value  and  in\ersion,  as 
taken  from  the  curve,  is  shown  in  Table  I. 

It  has  already  been  mentioned  that  the  limit  for  invert 
sugar  is  set  to  8.5  per  cent  of  the  total  dry  substance  candy. 
According  to  Table  I  this  corresponds  to  a  pH  value  between 


Cactus  as  a  Fodder 

In  those  parts  of  the  country  where,  in  the  neighborhood  of 
sugar  factories,  wide  areas  of  land  overgrown  with  cactus  are 
available,  the  slicing  machine  and  the  pulp  drier  at  the  sugar 
works  may  be  used  for  converting  the  cactus  mto  a  fodder. 

The  cactus  is  exposed  to  a  torch  to  bum  the  thorns  away 
and  then  carried  to  the  slicing  machine  with  specially  formed 
knives  These  slices  are  then  dried,  and  if  desired  they  may  be 
ground  to  a  coarse  powder.  During  the  slicmg  part  of  the 
juice  is  pressed  out  and  may  be  collected  separately.  It  can 
be  converted  to  a  substitute  of  gum  arable,  which  is  probably 
a  salt  of  the  meta-arabic  acid.  The  >-ield  of  dr>-  material  is 
about  11  per  cent  of  the  raw  cactus. 
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Sugar  Purity  Determinations' 


By  W.  D.  Home 

175  Park  AvS.,  Yonkbrs,  N.  Y. 


The  following  paper  describes  a  method  of  making  sugar  purity 
determinations  which  can  be  carried  through  in  not  over  60  per  cent 
of  the  time  required  for  the  wet  lead  method. 

The  paper  describes  a  special  spindle  for  making  Brix  determina- 
tions in  which  temperature  corrections  can  be  read  directly  from  the 
trutrument.  Clarification  is  accomplished  with  a  specially  pre- 
pared dry  lead  powder,  eliminating  the  measurement  of  exactly  100 
cc.  and  dilution  to  exactly  110  cc.  The  paper  ends  with  the  de- 
scription of  a  table  for  reading  sugar  purities,  knowing  Brix  value 
and  polarization.  The  method  eliminates  several  common  sources 
of  error,  thus  improving  quality  as  well  as  quantity  of  the  work 
done  in  the  sugar  laboratory. 

IN  8UGAR  manufacture  and  refining  no  analytical  deter- 
mination is  of  such  importance  as  that  of  the  purity.  All 
masseouites  are  adjusted  in  purity  to  the  proper  degree 
60  that  the  desired  quality  of  sugar  may  result,  the  proper 
yield  be  obtained,  and  the  treated  material  fit  in  as  it  should 
with  what  precedes  and  what  follows  it.  Sirups  or  molasses 
must  be  tested  for  purity  to  determine  that  the  proper  ratio 
exists  between  them  and  the  massecuites  from  which  they 
spring. 

A  useful  factor  is  the  concentration  of  impurities  in 
airup  as  compared  with  that  in  the  massecuite.  Of  course, 
(100  — purity)  gives  the  impurities,  and  it  will  be  im- 
mediately apparent  that  the  ratio  of  the  impurities  in  the 
massecuite  to  the  impurities  in  the  sirup  is  a  fairly  constant 
factor  for  similar  grades  of  massecuites.  Since  these  factors 
progressively  lessen  as  the  piuity  of  the  massecuite  goes 
down,  it  will  be  found  a  very  useful  aid  in  calculating  the 
steps  and  yields  in  any  proposed  procedure  in  purification 
by  crystallization. 

Liquors  from  boneblack  filters  must  be  watched  carefully 
afi  to  purity  to  allow  of  proper  segregation.  So  must  sweet 
waters  from  bags,  presses,  char  filters,  or  other  source,  in 
order  to  control  operations  and  distribution.  Raw  sugar 
aflination  must  also  be  very  closely  checked  by  purity  de- 
terminations in  order  to  insure  sufficient,  and  to  prevent 
excessive,  washing  in  tlie  centrifugals. 

In  a  large  plant,  purity  determinations  form  the  main 
guide  for  chemical  control  and  mount  into  the  hundreds 
daily.  The  tests  mu.st  be  made  quickly  and  with  such 
accuracy  as  is  compatible  with  speed.  The  procedure  must 
be  made  a.s  simple  as  poasible. 

Calculation  of  Pdrity 

The  two  requisites  to  calculate  the  purity  of  a  sample  are 
its  percentage  of  solids  and  its  percentage  of  sugar.  When 
the  solids  are  drtennined  by  evaiioration  and  the  sucrose 
by  double  polarization,  tlie  purity  obtained  is  known  as  the 
true  purity;  when  the  solids  are  detennincd  by  the  gravity 
of  the  solution,  whether  through  the  pycnometer,  the  hy- 
drometer, the  Wostphal  balance,  or  the  refractometer,  and 
the  sugar  by  single  polarization,  the  result  is  called  the 
spparenl  purity.  This  is  the  usual  test  and  there  are  several 
ways  of  ptrforming  it.  By  Schmidt's  method,  largely  used 
in  European  beet  practice,  the  density  of  the  solution  is 
determined  by  a  IJrix  hylrometer,  the  temperature  corrcc- 

■  rrfMdted  btfort  the  Division  of  Sugar  Chemistry  at  the  63rd  Meeting 
of  the  American  Chemical  Society.  Birmingham,  Ala.,  April  3  to  7,  1922. 


tion  noted,  a  portion  of  the  solution  clarified  with  subacetate 
of  lead  solution  and  polarized,  and  the  sugar  determined 
from  a  table  giving  the  percentages  of  sugar  for  the  various 
degrees  Brix  and  the  various  polarizations.  The  ordinary 
polarization  thus  found  is  divided  by  the  Brix,  uncorrected 
for  temperature,  to  find  the  apparent  purity. 

In  Casamajor's  method  the  calculation  is  modified  so  as 
to  give  the  apparent  purity  directly  without  the  intermediate 
finding  of  the  percentage  of  sugar  in  the  solution,  for  in 
ordinary  house  control  the  purity  is  the  figure  needed. 
Casamajor  developed  the  formula: 


26.048 


Degree  Brix  X  specific  gravity 


Factor 


This  factor,  multiplied  by  the  polarization,  gives  the  ap- 
parent purity.  Such  factors,  calculated  for  the  various 
degrees  Brix  and  the  intermediate  tenths,  are  arranged  in  a 
table  for  ready  use,  and  a  further  develop- 
ment consists  in  a  table  or  set  of  tables 
giving  the  corresponding  apparent  purity  for 
every  tenth  of  a  degree  Brix  and  each  tenth 
of  a  degree  polarization. 

Some  operators  take  the  time  and  trouble 
to  bring  the  solution  being  tested  to  the 
normal  temperature  before  determining  the 
degree  Brix.  If  such  a  solution  is  also  polar- 
ized at  the  same  temperature,  no  error  due  to 
effects  of  changing  temperature  upon  density 
and  specific  rotation  can  creep  in.  As  the 
errors  in  polarization  are  very  small  for  a 
slight  temperature  range,  they  are  generally 
neglected,  on  account  to  the  great  inconve- 
nience and  loss  of  time  incurred  in  bringing 
solutions  exactly  to  a  normal  temperature. 

The  usual  manner  of  determining  the  ap- 
parent purity  is  to  find  the  degree  Brix  with 
a  hydrometer  in  a  tall  glass  cylinder,  to  ob- 
serve the  temperature  of  the  solution,  to  clar- 
ify the  solution  with  subacetate  of  lead,  filter 
and  polarize,  and  to  calculate  the  purity 
from  the  corrected  Brix  and  the  observed 
polarization. 


Rapid  Determination  of  Purity 


The  following   method  developed  by   the 
writer  for  obtaining  results  rapidly  and  simply    ^ 
may  be  of  use  to  others. 

Density — For  rapid  Brix  determinations  a 
specially  con.structed  spindle,  which  combines 
several  novel  features,  has  been  evolved. 
The  spindle  is  about  30  cm.  over  all,  with 
a  stem  about  15  cm.  long.  Tliis  contains  a 
scale  of  about  11  cm.,  covering  8  full  degrees 
divided  into  tentlis,  each  of  which  is  just 
about  equal  to  the  depth  of  the  meniscus  of 
the  solution.  The  lower  part  of  the  spindle 
is  made  almost  plainly  conical  to  give 
greater  strength  in  resistance   to  breakage, 
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(Factor) . 
Pol. 
25.0 
25.1 
25.2 
25.3 
25.4 
25.6 
25.6 
25.7 
25.8 
25.9 
26.0 
26.1 


40.55 
40.71 
40.87 
41.04 
41.20 
41.36 
41.52 
41.60 
4 1 .  85 
42.01 
42.17 
42.33 


1.U108 

40.27 
40.43 
40.59 
40.76 
40.91 
41.08 
41.24 
41.40 
41.66 
41.72 
41.88 
42.04 


1 . 3996 

39.99 
40.15 
40.31 
40.47 
40.03 
40.79 
40.95 
41.11 
41.27 
41.43 
41.59 
41.75 


1 .  .'5887 

39.72 
39.88 
40.04 
40.19 
40.3.1 
40.. 1 1 
40.117 


Tadlb  op  Suoak  PuRiTins 
15.6  18.0 

1  3777  1 . 5070 


39.44 
39.60 
39.76 
39.92 
40.07 
40 .  23 
40.39 
40.55 
40.70 
40.86 
41,02 
41.18 


to  increase  the  area  of  the  thermometer  bulb,  so  a.s  to 
quicken  its  action,  and  to  give  ease  in  washing  and  wiping 
this  part  of  the  instrument.  A  new  departure  has  been 
made  in  the  scale  of  this  thermometer.  Centigrade  degrees 
are  showTi  from  10°  to  35°,  with  20°  taken  as  the  normal 
temperature,  so  as  to  cover  all  iiractical  ranges,  but  these  de- 
grees are  marked  off  well  to  one  side.  Immcdiatelj'  adjacent 
to  the  mercurial  column  are  two  direct  temperature  correc- 
tion scales,  showing  in  tenths  of  a  degree  Brix  the  tempera- 
ture corrections  to  be  added  to  or  subtracted  from  the  direct 
readings  on  the  Brix  scale.  On  one  side  of  the  mercury 
column  are  the  temperature  corrections  applicable  for  den- 
sity at  the  top  of  the  Brix  scale;  on  the  other  side  are  the 
corrections  for  readings  at  the  bottom  of  the  Brix  scale. 
These  corrections  differ  quite  materially,  so  that  a  single 
temperature  correction  scale  is  very  deceptive  and  leads  to 
considerable  errors  in  purity  determinations.  An  inter- 
esting thing  about  this  "Complete  Temperature  Correction 
Scale"  is  its  rapid  visibility,  for  just  as  one  measures  at  a 
glance  the  relative  position  of  the  level  of  the  liquid  between 
the  top  and  bottom  of  the  Brix  scale,  so  he  intuitively  arrives 
at  the  corresponding  point  between  the  maximum  and 
minimum  temperature  corrections,  which  is  to  be  taken  and 
applied  to  the  particular  density  reading  obtained.  In 
practice  the  matter  is  very  simple,  for  usuaDy  the  Brix  is 
made  up  arbitrarily  to  lie  quite  near  one  end  of  the  scale. 
An  8  to  16  Brix  spindle  is  used  for  the  general  run  of  solu- 
tions that  are  rather  dark  and  readings  are  taken  between 
15  and  16  Brix,  while  for  lighter  colored  solutions  a  16  to  24 
spindle  is  frequently  employed,  and  solutions  are  prepared 
to  be  read  at  the  end  representing  the  greater  density. 

Eeadings  are  always  made  to  the  closest  half-tenth,  and 
where  unusual  accuracy  is  desired  the  readings  can  be  made 
to  about  a  hundredth  of  a  degree  by  interpolation.  Equally 
close  readings  can  be  made  on  the  temperature  correction 
scales. 

Clarification — The  density  having  been  obtained,  the 
next  operation,  that  of  clarifying  the  solution  for  polariza- 
tion, is  greatly  expedited  by  the  use  of  the  author's  "dry 
lead"  method,  in  wliich  specially  prepared  anhydrous  lead 
subacetate  is  employed  in  place  of  basic  lead  acetate  solution. 
As  this  dry  powder  effects  the  same  clarification  without 
producing  any  alteration  in  the  concentration  of  the  sugar 
solution,  the  tedious  and  frequently  inaccurate  method 
previously  followed  can  be  greatly  simplified.  Instead  of 
measuring  off  100  cc.  of  the  solution,  adding  lead  solution 
and  making  up  to  110  cc.  with  water  before  filtering,  one 
simply  throws  out  aU  but  about  100  cc.  of  the  sugar  solution 
from  the  Brixing  cyUnder,  adds  with  a  little  scoop  a  small 
amount  of  the  "dry  lead"  powder,  sufficient  to  cause  floccula- 
tion  (each  0.1  cc.  of  the  dry  lead  is  equivalent  to  2  cc.  of  a  28° 
Brix  solution  of  the  subacetate),  turns  the  cylinder  over  two 
or  three  times,  and  pours  aU  directly  upon  a  filter  paper. 

Since  no  correction  need  be  added  to  the  polarization,  as 
was  formerly  the  case  to  compensate  for  the  dilution  of  the 
solution,  a  source  of  frequent  error  is  eliminated. 

Polarization — For  polarizing,  a  continuous  tube  is  a 
convenience  and  saves  time,  and  is  good  if   the   solutions 


39.18 
39.33 
39.49 
39.06 
39.80 
30.96 
40.12 
40.27 
40.43 
40.69 
40.74 
40.90 


.38.91 
39.07 
39.22 
39.38 
39.53 
39.69 
39.84 
40.00 
40.10 
40.31 
40.47 
40  62 


38.63 
38.80 
38.9.'. 


39.67 
.19.73 
39 .  88 
40.04 
40.19 
40  35 


.38.39 
38.64 
.38.69 
38.85 
39.00 
39.16 
39.31 
39.46 
39.62 
39.77 
39.92 
40  08 


38.13 
38.29 
38  44 

38.. 'ig 

38.74 
38  90 
39.05 
39.20 
39.35 
39.51 
.39.66 
39.81 
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37.88 
:d.03 
38.18 
38.33 
38.49 
38 .  64 
38.78 
38.04 
30.00 
39.24 
30.40 
30.56 


are  of  nearly  the  same  density,  but  when  the  densities  of 
successive  solutions  change  as  radically  as  they  do  in  refinery 
practice,  the  intermittent  tube  is  safer.  Covering  ends  that 
slide  on,  however,  are  to  l)e  preferred  to  those  which  have  to 
be  screwed  on. 

Calculation  —There  remains  only  the  calculation,  either 
by  multiplying  the  polarization  by  the  factor  corresponding 
to  the  Brix,  or  by  determining  the  product  in  some  easier 
way.  Various  tables  and  a  number  of  mechanical  devHces 
have  been  constructed  for  aiding  in  this  operation.  The 
one  which  the  witer  has  found  most  convenient  for  the  great 
niajority  of  solutions  tested  is  a  long  narrow  table  of  figures 
giving  all  the  purities  corresponding  to  the  different  tenths 
of  a  degree  Brix  between  15  and  16  Brix  or  between  any 
other  two  consecutive  degrees,  and  the  different  tenths  of  a 
degree  by  the  polariscope.  The  Brix  readings  head  the 
vertical  columns,  while  the  polariscopic  readings  stand  oppo- 
site the  horizontal  rows  of  figures.  Such  a  table  is  about 
25  cm.  wide  and  nearly  a  meter  and  a  half  long.  This  would 
be  quite  unwieldy  if  it  had  to  be  used  fully  extended,  and 
it  would  be  a  little  inconvenient  and  subject  to  excessive 
wear  if  it  were  divided  into  pages  in  book  form. 

A  very  convenient  arrangement  which  was  devised  many 
years  ago,  however,  has  proved  fully  satisfactory.  The 
long  paper  strip  is  mounted  on  two  wooden  cylinders  about 
10  cm.  in  diameter  and  a  little  longer  than  the  width  of  the 
paper  strip.  An  end  of  the  paper  is  tacked  to  each  cylinder, 
and  the  cylinders  are  rolled  until  about  half  of  the  strip  is 
wound  upon  each  cyUnder  and  a  plane  20-  to  22-cm.  stretch 
of  paper  stands  between  the  two.  In  this  position  the  whole 
is  mounted  in  a  glass-fronted  box  and  set  up  in  a  convenient 
position  for  the  operator  to  use.  Prior  to  assembling,  each 
cylinder  is  bored  out  longitudinally  and  a  Hartshorn 
spring  shade  roller  inserted  in  each,  in  opposite  directions 
and  with  ratchets  removed.  Each  sjjring  is  given  a  fairly 
good  tension,  so  that  they  tend  to  pull  the  two  ends  of  the 
panoramic  roU  away  from  each  other,  and  the  whole  system 
remains  in  practical  equilibrium,  no  matter  to  which  position 
the  paper  sheet  may  be  brought.  A  small  windlass  handle 
protrudes  from  the  center  of  the  end  of  one  of  the  cylinders 
through  the  side  of  the  encasing  box,  so  that  the  operator 
easOy  gives  it  a  turn  or  two  so  as  to  expose  whatever  part 
of  the  table  he  wishes  to  bring  into  view. 

This  device  gives  great  satisfaction  to  the  operators  and 
appears  to  have  suffered  no  appreciable  deterioration  after 
long  years  of  constant  use.  A  part  of  the  table  of  sugar 
purities  is  shown  herewith. 


According  to  Drug  and  Chemical  Markets,  the  British  dye- 
stuffs  licensing  committee  proposes  to  support  the  domestic  dye 
industry  by  refusing  import  licenses  when  domestic  dyes  are 
available  in  adequate  quantities  and  at  reasonable  prices.  Rea- 
sonable prices  are  considered  to  be  three  times  the  pre-war 
prices  of  dyes  in  general.  With  regard  to  vat  dyes,  reasonable 
prices  for  indigo  dyes  will  be  two  and  one-half  times  and  for 
other  vat  dyes,  five  times  pre-war  prices. 
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The  Precipitate  Formed  in  Sugarhouse  Sirups' 

By  J.  F.  Brewster  and  W.  G.  Raines,  Jr. 
Louisiana  Sugar  Experiment  Station,  New  Orleans,  Louisiana 


COATES  and  Slater^  in  1916  published  a  studj'  of  the  pre- 
cipitate that  forms  when  clarified  cano  juice  has  been 
evaporated  to  sirup  and  allowed  to  stand.  These  au- 
thors examined  two  lots  of  precipitate  obtained  from  two 
different  Louisiana  sugarhouses,  where  plantation  white  sugar 
was  being  manufactured  by  the  sulfitation  process.  Of  the 
organic  constituents  of  their  precipitates  Coates  and  Slater 
isolated  cane  wax  and  found  to  be  present  a  levorotatory  sub- 
stance wliich  was  not  sugar.  The  percentages  of  ash  in  their 
precipitates  were  58.0  and  7.5.6,  respectively.  The  constit- 
uents of  the  ash  reported  were  copper,  oxides  of  iron,  alu- 
minium, Ciilciuni  and  magnesium,  silica,  sulfur  trioxide,  and 
phospiiorus  [icntoxide.  Coates  and  Slater  conclude  that, 
although  the  precipitate  is  made  up  of  substances  insoluble  in 
the  ordinary  sense,  it  is  held  in  colloidal  solution  by  the 
hea\'y  sirup,  from  which  it  flocculates  on  standing,  particu- 
larly when  kept  hot. 

Ijist  year  the  present  wTiters'  analyzed  a  sirup  precipitate 
resulting  after  cane  juice  had  been  treated  with  Filter-Cel 
and  Norit.  The  ash  analysis  showed  the  presence  of  man- 
ganese in  addition  to  the  constituents  found  by  Coates  and 
Slater.  A  thorough  study  of  a  similar  precipitate  has  been 
published  very  recently  by  Birckner,*  who  reported  the 
l)rescnce  of  zinc  in  addition  to  the  ash  constituents  enumer- 
ated above. 

The  fact  that  precipitation  invariably  occurs  in  sirup  from 
cane,  no  matter  liow  brilliant  the  clarified  juice  may  appeal- 
before  evaporation,  and  the  fact  that  it  is  impossible  to  ob- 
tain high-grade  white  sugar  unless  the  precipitate  is  removed, 
thus  forming  a  distinct  step  in  the  process,  makes  its  study 
important. 

The  source  of  the  inorganic  part  of  the  precipitate-forming 
substances  seems  to  be  an  open  question.  Coates  and 
Slater  conclude  that  the  character  of  the  precipitate  varied 


possible  to  remove  precipitate-forming  substances  or  to  re- 
duce the  amount  of  precipitate  formed.  Cane  juice  in 
10-liter  lots  was  clarified,  filtered  by  means  of  the  laboratory 
press,  and  evaporated  in  vacuo  to  30°  B6.  while  warm.  The 
sirup  was  allowed  to  stand,  and  when  the  precipitate  had 
settled  the  clear  sirup  was  drawn  off  by  suction  and  the 
residue  stirred  with  water  and  centrifuged.  The  precipitate 
was  washed  three  times  by  centrifuging  with  water,  then 
thrown  upon  a  filter  and  washed  in  the  ordinary  way  until 
free  from  soluble  matter.  It  was  then  dried  at  100°  and 
analyzed.  As  the  methods  of  clarification  differed,  no  re- 
finements in  analytical  methods  were  attempted.  The 
dried  samples  were  ashed  and  after  obtaining  the  weight  of 
ash  the  latter  was  fused  with  sodium  carbonate  and  the 
methods  of  silicate  analysis  applied.  No  attempt  was 
made  to  separate  the  constituents  of  the  ammonia  precipi- 
tate, which  may  have  contained  some  phosphates  and  mem- 
bers of  the  alkali  earth  groups.  The  results  for  determina- 
tion of  total  precipitate  and  ash  are  sho^\'n  in  the  following 
table. 

The  methods  of  clarification  in  the  first  column  should  be 
be  explained.  Under  the  head  ".^ulfur-limc"  in  Expt.  1,  is 
meant  that  the  raw  juice  was  treated  'with  sulfur  dioxide  to  an 
acidity  of  5.0  cc.  and  limed  back  to  neutrality  against  phenol 
red.  The  mixture  was  heated  to  the  boiling  point  and  fil- 
tered. The  brilliantly  clear  filtrate  was  immediately  evap- 
orated. In  Expt.  2  filter-paper  pulp  was  nuxed  with  the 
juice,  heated,  and  pumped  through  the  press.  The  paper 
proved  to  be  a  poor  filtering  medium  when  used  in  this 
way,  the  filtrate  being  cloudy.  Norit  alone  was  used  in 
Expt.  3,  giving  a  slightly  cloudy  filtrate.  In  Expt.  4,  2  per 
cent  of  freshly  precipitated  and  thoroughly  washed  calcium 
carbonate  was  mixed  with  the  juice,  heated  as  in  the  other 
experiments,  and  filtered.    The  filtrate  was  brilliant  and  it 


Precipitates  prom  Sirup 


Cl.-iri6cation 
Method 

Ppt. 
G. 

G. 

Ash ■ 

Per  cent 

SiOi 

Ammonia 

—A. 
Ppt. 

nalysis  of  Ash 
CaO 

,  Per  cent — 
MgO 

SOi 

PiO. 

4 . 1936 

3.7121 

87.32 

23.23 

l.U 

32.02 

None 

42.00 

0.4K 

P.ptr 

3  491K 

2.2161 

63.46 

9.99 

4.13 

38.28 

None 

34.09 

0.73 

Norit 

0.S808 

26.12 

35.97 

14.94 

1.92 

1.67 

12.71 

CaCOi 

0.0838 

53.58 

0,24 

40.. i7 

None 

6.67 

3.34 

Umf  Filtrr-Cd 

0.3370 

0.1B27 

48.28 

37.95 

25.47 

26.35 

None 

1.63 

None 

Lime 

0.8243 

0.5315 

64.48 

60.82 

8.10 

Kiltcr-Ccl-Norit 

1   .ills 

1.1260 

74.47 

43.47 

2.94 

22.72 

None 

27.48 

None 

according  to  the  method  of  clarification.  Birckner  believes 
this  to  be  true  to  a  certain  extent,  particularly  in  those 
methods  of  clarification  in  which  lime  is  used.  The  latter 
author,  however,  beUevcs  that  in  view  of  the  occurrence 
of  the  precipitate  in  sirujw  resulting  from  treatment  of  juice 
with  kicselguhr  and  Norit,  that  is,  from  treatment  without 
the  use  of  chemicals,  it  is  doubtful  whether  the  precipitate 
can  bo  attributed,  in  its  main  features,  to  factors  not  inherent 
in  the  cane  juice  itself. 

In    making    .some   small  scale   clarification   experiments, 
we  h.-jd  as  one  oljject  to  determine  whether  it  would  be 

'  Pre.wnted  l>rforc  the  Division  of  Sugar  Chemutry  at  the  63rd  Meeting 
of  the  Amcrlcnn  Chemical  Society.  Birmingham,  Ala.,  April  3  to  7,  1922. 
'  Tins  JuvRNAi.    8  (lOlO).  789. 

>  Ibid.,  U  (1921).  923. 

>  Loniliana  Planltr.  U  (1922),  286. 


was  found  that  the  acidity  of  the  juice  had  been  reduced 
about  50  per  cent.  Calcium  carbonate  is  an  excellent  filter- 
ing medium  and  can  be  used  in  much  less  quantity  than  we 
employed  here.  Its  use  was  suggested  to  us  by  Dr.  Sauer, 
of  the  Norit  Co.,  who  had  tried  it  previously  as  a  possibility 
for  direct  manufacture  of  white  sugar  in  conjunction  with 
Norit.  Expt.  o  was  limed  to  neutrahty  (phenol  red),  0.5 
per  cent  of  Filter-Cel  added,  heated,  and  filtered.  The 
filtrate  was  clear.  Expt.  6  rei^rcsents  juice  limed  to  neu- 
fr.ality,  heated,  and  filtered.  In  spite  of  difficulty  in  filter- 
ing, this  mixture  was  all  put  tlirough  the  press,  although  the 
filtrate  was  slightly  cloudy.  Expt.  7  was  a  precipitate 
obtained  from  the  sugarhouse  sirup  tanks.  This  juice  had 
been  clarified  with  Filter-Cel,  then  decolorized  with  Norit 
in  the  presence  of  a  small  amount  of  added  phosphoric  acid 
which  was  neutralized  with  lime  just  before  filtering.    It 
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is  to  be  noted  l!i;U  no  ])lii)si>horic  Mcid  \v;is  found  in  tiiis  pre- 
cipitate. 

The  cane  used  in  the  first  six  experiments  iiad  Ijeen  wind- 
rowed  under  several  inches  of  earth  to  preserve  it.  In 
Expta.  1,  2,  and  3,  the  cane  wiis  unwashed  and  a  considerable 
amount  of  adherini;  soil  went  into  the  juice.  In  Expts. 
4,  5,  and  G,  the  mud  had  been  thorouKhly  removed  by  wash- 
ing. Although  the  figures  of  tiie  table  are  incomplete  vnth 
regard  to  dry  matter  of  precipitates  in  3  and  4,  it  is  easy 
to  draw  conclusions  from  the  figures  for  (juantity  of  ash. 
The  outstanding  feature  seems  to  us  to  be  the  differences 
to  be  noted  in  total  dry  matter  and  ash  in  the  washed  and 
unwashed  cane. 

Attention  sliould  be  drawn  to  the  ash  content  of  Expt.  3, 
where  Norit  was  used  on  unwashed  cane,  and  the  ash  content 
of  Expt.  6,  where  hme  only  was  used  upon  unwashed  cane. 
Norit  was  an  excellent  adsorbent,  wliilc  the  quantity  of 
lime  used  was  too  small  to  tie  considered  of  much  aid  in 
filtering.  The  balance  is  still  slightly  in  favor  of  the  washed 
cane.  The  washing  of  cane  before  crushing  is  practiced  at 
many  Louisiana  sugar  factories.  One  factory,  at  which  this 
practice  had  been  in  force  for  4  or  5  yrs.,  reported  in  1919' 
that  the  volume  of  filter-jiress  mud  had  been  reduced  25 
per  cent.  Filter-press  mud  carries  away  as  much  as  6  per 
cent  of  sucrose.  No  mention  is  made  in  this  report  of  the 
influence  of  cane  washing  upon  tlie  amount  of  suaip  precipi- 
tate. The  question  of  sirup  settling,  liowever,  is  discussed 
and  the  difficulty  of  filtering  sirup  is  mentioned.  There 
can  be  little  doubt  in  xiew  of  our  results  that  the  presence 
of  adherent  soil  upon  cane  would  have  a  great  influence  upon 
the  quantity  of  sirup  precipitate  formed.  This  is  not  sur- 
prising when  it  is  considered  that  soU  may  contain  much 
matter,  both  organic  and  inorganic,  in  the  colloidal  state 
which  could  readily  escape  removal  by  our  present  clari- 
fication methods,  including  those  in  which  highly  adsorbent 
carbons  are  emploj'ed.  It  is  e^^dent  that  the  formation  of 
precipitate  may  be  attributed  to  three  possible  sources— 
namely,  from  materials  used  in  clarification,  particularly 
in  clarification  by  means  of  chemicals  as  suggested  in  the 
article  of  Coates  and  Slater,  from  substances  present  in  cane 
juice  itself,  as  suggested  by  Birckner  and  as  substantiated 
by  our  results  with  washed  cane,  and  finally  from  soU  adher- 
ing to  the  cane  at  the  time  of  crushing. 

The  amount  of  precipitate  that  one  may  obtain  from  sirap 
caimot  be  predicted  from  the  appearance  of  the  filtered  juice 
or  sirup.  The  filtrates  and  sirups  in  Expts.  1,  4.  and  5  were 
clear.  Those  in  Expt.  2  were  ^ery  turbid,  while  in  Expts. 
3  and  6  the  liquids  were  slightlj'  cloudy.  In  some  cases  the 
precipitate  had  a  tendericy  to  fall  readily  after  e-\-aporation 
and  in  others  there  was  no  precipitation  untfl  the  sirup  had 
been  heated  to  nearly  100°  C. 

As  pointed  out  by  Coates  and  Slater,  filtration  of  the  sirup 
for  the  remoA"a!  of  turbidity  or  precipitate  would  be  too  costly 
and  troublesome,  and  settling  appears  to  be  the  most  feasible 
method  of  handling  such  sharp.  It  should  be  added  that 
even  when  decolorization  with  carbon  is  performed  at  the 
sirup  stage,  a  precipitate  is  to  be  found  in  the  decolorized 
product.  The  precipitate  analyzed  by  us  last  year  resulted 
from  such  treatment.  There  is  the  possibility,  of  course, 
that  to  some  extent  precipitate-forming  substances  may  be 
derived  in  the  colloidal  state  from  the  so-caUed  inert  filtering 
media.  With  settling  as  the  most  feasible  means  of  dealing 
with  sirup  precipitate,  it  becomes  ob\'ious  that  two  condi- 
tions are  to  be  sought.  These  are  rapidity  of  settling  and 
compactness  of  sediment.  This  suggests  that  the  addition 
to  the  sirup,  after  it  has  been  run  to  the  settling  tanks,  of 
some  adsorbent  liea\y  enough  to  quickly  subside  and  carry 

»  Louisiana  Plantar.  62  (1919),  1S7. 


suspended  matter  with  it,  might  answer  the  purpose.  Fuller's 
earth,  precipitated  chalk,  and  calcium  phosphate  are  sub- 
stances we  have  tried  and  which  sliow  promise  in  this  con- 
nection. 


A  Prescription  for  Hale,  Hearty  Life 

By  H.  W.  Jordan 

13.1  STotP  Ave.,  Svracusk.  N.  Y. 

Kach  October  we  arc  confronted  by  the  choice  of  wasting  the 
year's  two  hundred  long,  cool  evenings  in  aimless,  casual  enter- 
tainment, or  of  devoting  them  to  wholesome  recreation,  balanced 
by  sound  reading  and  study.  Repeatedly  we  see  men  past  fifty, 
retired  from  active  business  by  choice  or  circumstance,  who 
mysteriously  fade  and  soon  die.  Investigation  usually  discloses 
the  fact  that  the  victim  had  no  impelling  mental  interest  outside 
of  business  routine.  Like  all  complex  apparatus  shut  down  or 
thrown  on  the  scrap  heap,  he  quickly  disintegrated.  Psycholo- 
gists have  proved  that  we  must  grow  or  go.  Post-mortem 
examination  of  our  friend's  mind  reveals  the  reason  of  his  going. 
He  had  ceased  to  grow.  He  knew  only  one  subject,  his  daily 
vocation. 

Among  ways  of  attaining  active  age  none  is  better  than  to 
hold  oneself  rigidly  to  an  annual  program  of  reading,  designed  to 
impel  creative  thought.  Not  the  habit  of  nightly  wading  through 
thirty-two  pages  of  the  metropolitan  daily,  an  action  interspersed 
with  naps  and  subconsciousness,  barely  aware  that  we  are 
momentarily  hibernating  until  aroused  by  a  tearful  voice, 
"Mercy,  it's  twelve  o'clock.  Aren't  you  ever  coming  up,  dearie?" 
Instead,  a  program  of  three  to  ten  hours  weekly  devoted  to 
earnest  study  of  a  group  of  subjects  wholly  outside  personal 
business — history,  travel,  science,  art,  or  music — to  educate, 
to  draw  us  out  of  and  beyond  our  technical  horizon. 

If  one  seeks  examples  of  such  use  of  spare  time  he  only  need 
scan  the  biography  and  books  of  Theodore  Roosevelt  or  Lord 
James  Bryce  to  learn  the  unbelievable  extent  to  which  busy, 
practical  men  can  carry  systematic  reading,  and  the  value  of 
the  knowledge  they  thus  acquire. 

This  century  is  destined  to  be  characterized  by  enormously 
increased,  practical  understanding  of  the  human  mind,  just  as 
the  nineteenth  century  was  by  colossal  applied  knowledge  of  ma- 
terial forces.  Exceptional  profit  and  marked  individual  success 
is  to  be  won  in  commerce  and  engineering  industry  by  correct 
application  of  laws  which  govern  the  human  mind,  as  inexorably 
as  gravitation  and  atomic  weight  rule  material  action.  The 
Rockefellers  and  Camegies  of  1950-75  will  be  industrial  execu- 
tives who  have  correctly  applied  this  new  knowledge  of  man's 
mind  to  the  greatest  good  of  the  greatest  number. 

A  new,  extensive  literature  has  sprung  up  as  a  result  of  the  war. 
It  is  devoted  to  the  psychology  of  industrial  social  life,  to  a  new 
interpretation  of  the  Golden  Rule  which  is  the  law  of  equal  ac- 
tion and  reaction,  to  the  biology  and  evolution  of  states  and  na- 
tions, to  mathematical  analysis  of  conservative  investment, 
and  to  the  ebb  and  flow  of  mass  mind  in  the  seething  action  of 
industry  and  government.  Among  its  authors  are  Edwin 
Grant  Conklin,  IMadison  Grant,  Lothrop  Stoddard,  \\'alter 
Lippmann.  Raymond  Pearl,  James  Harvey  Robinson.  Arthur 
Pound,  Xorraan  AngeU,  Glenn  Frank,  Roger  W.  Babsou,  Dr. 
Coue,  the  French  medical  psychologist,  Anatole  France,  Walther 
Rathenau,  Guglielmo  Ferrero,  and  John  M.  Keynes.  Their 
books  and  their  articles  in  our  current  magazines  need  be  in- 
corporated in  our  chemical  and  engineering  subconsciousness. 
If  you  would  be  hale  and  hearty,  devote  the  winter  evenings  of 
1922-23  to  the  works  of  these  writers. 
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Ethyl  Alcohol  from  Western  harch—Larix occidentalis,N uttalV 

By  E.  C.  Sherrard 
Forest  Products  Laboratory,  Department  op  Agriculture,  Madison,  Wisconsin 


.4  method  is  gioen  for  the  fermenlation  of  70  to  80  per  cent  of  the 
total  sugar  resulting  from  the  acid  hydrolysis  of  western  larch. 
This  method  is  equally  satisfactory  for  the  fermentation  of  galactose 
alone. 

Alcohol  yields  are  gicen  both  for  the  water  extract  and  for  the 
solution  obtained  by  the  hydrolysis  of  the  wood. 

IN  1916  Schorgcr'  called  attention  to  the  presence  of 
a  water-soluble  substance,  galactan,  in  western  larch. 
This  material  constitutes  from  8  to  17  per  cent  of  the 
wood  and  upon  treatment  with  dilute  acid  hydrolyzes 
to  give  galactose.  Schorger  established  its  identity  by  several 
means  but  was  unable  to  obtain  a  satisfactory  fermentation; 
the  best  results  obtained  indicated  a  yield  of  about  40  per 
cent  of  alcohol  when  "S.  Carlsbad  I"  yeast  was  used. 

Because  of  the  large  quantity  of  hexose  sugar  preexistent 
in  the  wood,  Krcssman'  concluded  that  western  larch  would 
be  one  of  the  most  valuable  raw  materials  for  the  production 
of  ethyl  alcohol.  He  hydrolyzed  the  wood  and  obtained 
yields  of  total  reducing  sugar  that  corresponded  to  26.21 
to  30.52  per  cent  of  the  original  material.  His  fermentation 
experiments  showed,  however,  that,  while  the  sugars  resulting 
from  the  hydrolysis  of  the  cellulose  were  removed,  the  galac- 
tose remained  practically  unchanged. 

A  means  of  completely  fermenting  galactose  is  highly 
desirable,  not  only  because  of  the  high  content  of  hexose 
sugar  in  western  larch,  but  also  because  of  the  large  quan- 


in  addition  to  that  contained  in  the  galactan  this  wood  should 
be  an  excellent  source  of  ethyl  alcohol. 

Experimental 

In  order  to  study  the  fermentation  of  these  sugars  more 
readily  the  work  was  divided  into  three  parts.  In  the  first 
case  the  galactan  was  extracted  from  the  wood  with  hot 
water,  and  then  hydrolyzed  by  boiling  for  4  hrs.  after  the 
addition  of  a  sufficient  quantity  of  sulfuric  acid  to  make  a 

4  per  cent  solution.  The  galactose  solution  was  then  neutral- 
ized with  calcium  hydroxide  and  evaporated  under  reduced 
pressure  until  a  solution  was  obtained  that  contained  about 

5  per  cent  total  reducing  sugar.  This  solution  was  then 
fermented  as  described  below. 

In  the  second  experiment  the  residue  remaining  after  the 
water  extraction  was  hydrolyzed  in  the  usual  way,  i.  e., 
it  was  digested  in  an  autoclave  for  15  min,  at  115  lbs.'  steam 
pressure  with  a  quantity  of  sulfuric  acid  corresponding  to 
1.8  to  2.5  per  cent  of  the  dry  weight  of  the  wood.  The  wood 
was  moistened  with  one  and  a  quarter  parts  of  water  in  order 
to  insure  a  complete  reaction.  The  resulting  sugars  were 
then  extracted  with  water,  the  sulfuric  acid  neutralized 
with  calcium  hydroxide,  and  evaporated  as  before  after 
the  removal  of  the  calcium  sulfate  by  filtration. 

In  the  tliird  experiment  the  unleaehed  larch  was  hydrolyzed 
under  the  same  conditions  as  stated  above,  and  the  sugars 
extracted  and  prepared  for  fermentation  in  the  same  way 


Sugar  and  Alcohol  Yields 


Trsatubnt 


Total 
Water -soluble  portion  A 
Water-soluble  portion  B 
Watcr-solul>k-  portion  C 
Water-soluble  portion  D 

AVHRAOB 

Autoclavcd  residue  A 
Autoclaved  residue  B 

AVSRAOB 

Original  wood  autoclaved  A 
Original  wood  auloclaved  B 

AVSRAOB 


Total 

Reducing 

Sugar 

Per  cent 

Toul 

Sugar  Fer- 

menuble 

Per  cent 

Theoretical 

Alcohol 
Per  cent  of 
Dry  Wood 

Actual 
Alcohol 
Per  cent 

Fermeti- 

Effici'e°n''cy 
Per  cent 

Alcohol 

Calcd. 

95  Per  cent 

per  Ton  of 

Dry  Wood 

Sulfuric 

Acid 

Per  cent 

"Hydrolysis" 
Time 

10.11 
19.64 

79 
69 

4.08 
5.66 

4.10 
6.15 

100.5 
108.7 

12.7 
19.0 

4 

1.8 

4 
15 

29.75 

^74 

10.25 

31.7 

12.37 
12.37 
12.37 
12.37 

75.4 
76.66 
80.. TO 
78.53 

4.76 
4.84 
5.09 
4.96 

4.69 
4.84 
5  09 

5.40 

98.5 
100.0 
100.0 
109.0 

14.75 
15.0 
15.8 
16.7 

4 
4 
4 

4 

4 

4 
4 

4 

12.37 

77.77 

4.91 

5.00 

101.9 

16.56 

18.00 
23.07 

70.51 
70.02 

6.58 
8.25 

6.80 
8.99 

105,0 
109,0 

21.0 
26.2 

1.8 
2.5 

15 
15 

20.53 

70.26 

7.36 

7.89 

107.0 

23,6 

28.66 
29.3.'-, 

73.6 
72.0 

10.78 
10.78 

10.51 
10.78 

97.5 
100.0 

32.6 
33,4 

1.8 
2.5 

15 
15 

29.00 

72.8 

10.78 

10.65 

98.7 

33.0 

titie.i  of  available  waste.  In  addition  to  mill  waste,  such 
as  iiawdust,  shredded  slabs  and  edgings,  a  certain  logging 
waste  is  encountered  in  the  woods,  owing  to  the  fact  that  the 
butt  logs  produre  an  inferior  grade  of  lumber  and  are  so 
hea\'y  that  they  prevent  rafting.  As  a  consequence,  many 
of  thi\-ir  logs  of  high  galactan  content  are  left  in  the  woods. 
Since  the  butt  logs  contain  the  greatest  amount  of  galactan 
(10  to  J.'i  per  cent)  found  in  the  tree,  they  constitute  one  of 
the  lie.-t  .-iource.-i  of  this  material.  Other  species  of  coniferous 
wood.s  yield  an  average  of  22  per  cent  total  reducing  sugar 
upon  hydrolysis  with  dilute  acid,  so  it  is  evident  that  if  a 
fimilar  quantity  of  sugar  is  obtainable  from  larch  cellulose 

'  Prciented  before  the  Section  of  Cellulose  Chemistry  at  the  63rd 
Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to 
7,  1921'       Published  niih  pcrmi  sion  of  the   Department  of  Agriculture. 

■  Tata  Journal,  t  (1916),  494 

'  U.  S.  Dtpl.  Ap.,  Bull.  tM, 


as  before.  The  sugar  yields  and  fermentation  data  are  set 
forth  in  the  accompanying  table. 

Experiment  I  was  a  preliminary  run  to  determine  the 
most  suitable  conditions  for  carrying  out  the  reaction. 
The  sugar  yields  in  all  experiments  are  given  as  total  reducing 
sugar  in  terms  of  glucose  and  were  obtained  by  means  of 
Fehling's  solution  with  subsequent  (■lectrolji,ic  deposition 
of  the  copper  oxide.  In  Expt.  II  four  check  fermentations 
(A,  B,  C,  and  D)  were  carried  out  on  the  galactose  solution. 
The  yeast  used  in  II-D  had  previously  been  used  to  ferment 
II-C  which  had,  in  turn,  been  obtained  from  the  fermentation 
of  II-B.  With  these  exceptions,  the  experiments  listed  in  the 
table  were  carried  out  with  fresh  yeast  that  had  been  propa- 
gated on  malt  mort. 

The  yeast  used  for  the  actual  fermentation  was  a  pure 
strain  culture  of  a  Hungarian  beer  yeast,  Saccharomyces 
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cerevisiae,  which  has  been  in  use  at  the  Forest  Products 
Laboratory  for  several  years  and  has  proved  very  efficient  in 
the  fermentation  of  sugars  resulting  from  the  hydrolysis 
of  wood. 

The  sugar  solutions  were  prepared  for  fermentation  by 
evaporating  to  a  suitable  concentration  and  then  adding  a 
sufficient  quantity  of  10  per  cent  solution  of  autolyzed  yeast 
to  make  the  whole  correspond  to  a  2  per  cent  yeast  solution. 
The  yeast  water  was  prepared  according  to  tlie  method 
of  Fred  and  Peterson  by  boihng  autolyzed  yeast  with  dis- 
tilled water  for  one  hour  and  filtering  while  hot.  The  solution 
was  then  again  boiled,  filtered,  and  finally  sterilized  in  an 
Arnold  steam  sterilizer. 

Discussion  of  Results 

In  the  fermentation  of  the  sugars  resulting  from  the 
autoclave  cooks  of  the  extracted  residue  no  precautions  are 
necessary  other  than  those  already  described.'  In  order 
to  obtain  a  satisfactory  fermentation  of  the  solutions  contain- 
ing galactose,  however,  it  is  imperative  that  the  temperature 
and  acidity  be  carefully  regulated.  The  temperature  nuist 
be  held  between  85°  and  90°  F.,  and  the  initial  acidity  of  the 
solution  not  greater  than  5°.  If  the  acidity  is  greater  httle 
or  no  fermentation  takes  place.  When  the  galactose  solution 
is  fermented  alone,  but  very  httle  increase  in  acidity  occurs 
as  the  fermentation  progresses,  but  when  the  solution  re- 


sulting from  the  hydrolyzed  wood  is  fermented,  an  increase 
of  4°  acidity  is  quite  common. 

In  view  of  the  dilFicully  formerly  encountered  in  the  fer- 
mentation of  galactose,  it  is  quite  surprising  that  such  good 
results  are  obtainable  under  the  conditions  outlined  in  this 
paper.  In  all  Ciwses  the  fermentation  took  place  better  in 
the  galactose  solution  than  in  the  liquor  containing  the 
mixed  sugars.  In  Mxpt.  II  the  minimum  total  yield  was 
35.95  gal.  of  95  per  cent  ethyl  alcohol  per  ton  of  dry  wood, 
while  the  maximum  was  42.9  gal.  The  average  yield  from 
this  was  39.9  gal.,  by  far  the  largest  yield  of  alcohol  obtained 
from  any  wood.  In  Expt.  Ill,  in  which  the  mixture  sugars 
were  used,  the  average  yield  was  33  gal.  of  95  per  cent  ethyl 
alcohol  per  ton  of  dry  wood.  This  lower  yield  is  no  doubt 
due  to  the  greater  acid-forming  tendency  of  the  sugars 
other  than  galactose,  with  a  consequent  inhibition  of  the 
yeast  in  the  fermentation  of  the  latter  sugar.  Even  in  this 
case  the  yield  was  almost  10  gal.  greater  than  from  any  of  the 
woods  previously  studied. 

The  fact  that  galactose  from  western  larch  can  be  fermented 
readily  -with  the  production  of  ethyl  alcohol  is  particularly 
interesting  from  the  standpoint  of  the  paper-maker,  since 
by  an  extraction  of  his  chips  with  water  before  pulping  a 
quantity  of  sugar  is  obtainable  that  is  easily  convertible  into 
ethyl  alcohol. 


Radioactivity  of  Miscellaneous  Waters  Examined  in  the 
Bureau  of  Chemistry" 


By  W.  W.  Skinner  and  J.  W.  Sale 


Beverage  Laboratory,  Bureau  of  Chemistry,  Dbpa 


■  OF  Ai;kicuutuke.  Washint-ton.  D.  C. 


I 


From  the  experience  of  the  Bureau  of  Chemistry,  in  analyzing 
commercial  bottled  waters  of  natural  origin,  and  from  published 
data,  it  may  be  concluded  that  shippers  of  these  products  are  not 
Justified  in  mailing  any  statements  on  the  labels  which  will  induce 
prospective  consumers  to  purchase  the  articles  because  of  their 
radioactioity. 

THE  ENFORCEMENT  of  the  Federal  Food  and  Drugs 
Act  of  1906  necessitates  the  examination  of  mineral 
waters  and  other  products  for  content  of  radioacti^^ty. 
Consequently  the  Water  and  Beverage  Laboratory  was 
equipped  with  three  electroscopes  of  the  emanation  type, 
an  alpha-ray  electroscope,  the  apparatus  designed  by  Bolt- 
wood'  for  separating  and  collecting  emanation,  and  other 
apparatus  necessary  for  making  analyses  of  the  radioactivity 
of  various  products.  This  equipment,  the  methods  used  in 
caUbrating  the  electroscopes,  determining  the  radioactivity 
of  samples,  and  reporting  results  have  been  described  in  a 
pre\'ious  communication*  from  this  laboratory. 

Foreign  and  domestic  bottled  mineral  waters,  pads,  oint- 
ments, capsules,  sediments,  and  other  products  classified  as 
drugs,  coming  within  the  jurisdiction  of  the  Act,  are  examined, 
if  their  labels  bear  statements  relating  to  radioactivity. 
In  addition  to  official  samples  of  this  nature,  the  laboratory 

'  Presented  before  the  Division  of  Water,  Sewage,  and  Sanitation  at  the 
61st  Meeting  of  the  American  Chemical  Society,  Rochester,  N.  Y.,  April 
26  to  29,   1921. 

'  Published  with  permission  of  the  Department  of  Agriculture. 

>  Phil.  Mag.,  [6)  9  (1905),  599;  Am.  J.  Set.,  14)  18  (1904).  378. 

•"Determination  of  Radioactivity,"  J.  Assoc.  Official  Agr.  Chem.,  2 
(1915-17),    116. 


has  examined  a  few  spring,  river,  lake,  and  ocean  waters 
collected  by  Bureau  representatives  for  the  purpose  of  ob- 
taining data  for  use  in  litigation. 

In  the  examination  of  bottled  waters,  it  is  usually  sufficient 
to  determine  the  activity  as  received,  in  which  case  before 
removing  the  stopper  the  sample  is  chilled,  opened,  the  con- 
tents acidified,  and  poured  carefully  into  the  boiHng-out  flask. 
Agitation  of  the  water  is  avoided  after  the  sample  is  received 
in  the  laboratory.  Ordinarily,  no  attempt  is  made  to  de- 
termine the  activity  of  the  gas  in  the  neck  of  the  bottle,  since 
only  the  emanation  or  radium  salt,  dissolved  or  suspended 
in  the  water,  is  consumed.  As  we  have  usually  no  knowledge 
of  the  exact  time  when  the  water  is  bottled,  it  is  obviously 
impracticable  to  calculate  the  initial  activity  of  the  water  at 
source  by  using  the  accepted  formula  which  represents  the 
rate  of  decay  of  emanation.  We  do  make  this  calculation, 
however,  on  samples  collected  from  source  for  investigation 
purposes  when  adequate  precautions  are  taken.  It  is 
desirable  sometimes  to  determine  whether  or  not  activity  is 
due  to  the  presence  of  radium  salts  dissolved  or  suspended  in 
the  water,  in  which  ca.se  the  permanent  activity  is  determined 
in  the  ordinary  manner. 

In  the  accompanying  table,  the  results  have  been  expressed 
in  grams  of  radium  X  10"'  per  Uter,  corresponding  to  activity 
found.  This  unit  is  known  also  as  millimicrogram,  and  is  one 
billionth  of  a  gram.  The  letter  I  in  the  column  of  results 
means  that  the  time  of  collection  of  the  sample  was  known 
and  the  initial  activity,  I,  of  the  sample  has  been  calculated; 
R  indicates  that  the  value  in  the  table  represents  the  activity 
of  the  sample  as  received  in  the  laboratory,  which  may  or 
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TVPB 


1  Cold  >priac 

2  Cotd  spring 

3  Cold  spring 

4  Cold  -spring 

5  Cold  spring 

6  Hot  spring 

7  Hot  spring 

8  Hot  spring 

9  Cold  spring 

10  Cold  spring 

11  Cold 'pring 


12  PhiUdclphia  lap  water 

13  Washington  tap  water 

14  Reading  tap  water 
18  Lancaster  taji  wuter 

16  Mississippi  River 

17  Lake  Michigan 

18  Atlantic  Ocean 

19  Lake  Erie 


20  Cold  %pring' 

21  Cold  spring' 

22  Warm  spring' 

23  Cold  spring' 

24  Warm  spring' 

25  Warm  spring' 

26  Deep  well' 

27  Cold  spring' 

28  C<dd  spring' 

29  Cold  spring' 

30  Cold  spring' 

31  Cold  spring' 

32  Cold  spring* 

33  Cold  spring'-' 

34  Deeo  well'-' 


34     Deep  well'' 


35  Cold 

36  Cold 

37  Cold 

38  Cold 

39  Cold 

40  Cold 


spring' 
spring' 
spring' 
spring' 
spring' 
spring' 

11  Cold  spring' 

12  Cold  spring' 

13  Cold  spring' 

14  Cold  spring* 
ta  Cold  spring* 
16     Cold  spring* 

I  Analyst  \V.  D.  Collii 


Radioactivity  of  Miscellaneous  Waters 

Quantity  of 
Water  Used 
<  Date  of  Examination  Liters 

ll<i/<Tj  coIUclfJ  al  sour.e  by  a  Bureau  represenlalive' 


Misteltanrous  waters  colUiled  al  source  by  a  Bureau  represenlatire' 


Pennsylvania 

June  1917 

2.3 

Potomac  R..  n.  C. 

June  1917 

2.3 

Maiden  Cr  .  Pa 

May  1917 

2.3 

Pennsylvania 

May  1917 

2.3 

St.  Louis.  Mo.,  unfiltered 

May  1917 

2.3 

Chicago,  lU. 

May  1917 

2.3 

4  mi.  off  Atlantic  City.  N.  J. 

Tune  1917 

2.3 

4  mi.  from  BufTalo,  X.  Y. 

June  1917 

2.3 

Domest 

c  bottled  waters 

Wisconsin 

Sept.  1912 

2.4 

Wisconsin 

Sept.  1912 

2.4 

Massachusetts 

July  1914 

2.4 

Massachusetts 

July  1914 

2.4 

Massachusetts 

June  1915 

2.4 

Arkansas 

June  1916 

1.0 

Ohio 

June  1916 

0.1 

Arkansas 

May  1917 

2  3 

Arkansas 

May  1917 

2.3 

Arkansas 

Oct.  1917 

2.2 

Wisconsin 

Nov.  1917 

1.0 

Mississippi 

Jan.  1918 

1.0 

.^kansa5 

May  1920 

in 

Mississippi 

Oct.  1920 

10 

(Dup.  of  No.  26)  Ohio 

Nov.  1920 

1.0 

Imported  bottled  waters 

Trance 

May  1914 

1.0 

Spain 

July  1914 

2.4 

Spain 

Jan. 1915 

1.0 

Japan 

Jan. 1915 

1.0 

Italy 

Feb.  1915 

1.0 

Norway 

June  1917 

0.5 

Spain 

Aug.  1917 

0,25 

France 

Aug.  1917 

0.25 

Spain 

Feb.  1918 

0.25 

.Austria 

Jan.  1921 

1.0 

Italy 

Jan.  1921 

1.0 

Portugal 

Apr.  1921 

0.19 

lyst  F.  B.  Furlier.             '  Analyst  J. 

W.  Sale.                  '  Ana 

yst  W.  E.  Sh 

Grams  Radium  X  10"'  per  Liter 
Corresponding  to  Activity  Found 

0.023  R;0.0SI 
0.062  R;0.21  I 
0.171  R;  0.21  I 
0.062  R;  0.09  I 
0.052  R;  0.06  I 
0.232  R;  0.33  I 
0.754  R;  1.10  I 
0.167  R;  0.28  I 
O.COS  R;  0.007  I 
0.04.3  R;  0.06  I 
0.758  R;  0.93  I 

None  or  not  more  than  0 ,  002  R 
Not  more  than  0 .  002  R 
0.006  R:  0.002  P 
None  or  not  more  than  0,002  R 
None  or  not  more  than  0  002  R 
None  or  not  more  than  0  U02  R 
None  or  not  more  than  0 .  002  R 
None  or  not  more  than  0.002  R 


0.037  R;  0.063  I 

O.O.Sg  R;  0.076  I 

n.lSS  R;  0.070  I;  0.002  P 

0.042  R;  0.183  I;  0.002  P 


None 

or  not 

more 

than 

0,002  P 

None 

or  not 

more 

than  0.005  R 

None 

or  not 

more 

than  0.0.50  R 

None 

or  not 

more 

thar 

0,016  P 

None 

or  not 

more 

than  0,004  P 

None 

or  not 

more 

thar 

0,002  R 

None 

or  not 

more 

thar 

0  005  R 

None 

or  not 

more 

thar 

0 , 009  R 

None 

or  not 

more 

thar 

0  005  R 

None 

oi  not 

more 

than  0  00.5  R 

None 

or  not 

more 

thar 

0.270  P 

None 

or  not 

more 

than  0,003  R 

0.079  R  (0.031  P 

None 

or  not 

more 

thar 

0.005  P 

None 

or  not 

more 

thar 

0.005  P 

None 

or  not 

more 

thar 

0.00.)  P 

None 

or  not 

morL 

thar 

O.OIO  R 

None 

or  not 

more 

thar 

0 . 020  P 

None 

or  not 

more 

thar 

0.020  P 

None 

or  not 

more 

thai 

0.020  P 

None 

or  not 

more 

than 

0.005  R 

None 

or  not 

more 

than 

11  005  R 

None 

or  not 

more 

thai 

n    11  R 

>  F.ither  2.0  or  2.4  lii 


may  not  bo  due  to  radium  salt  contained  in  the  sample. 
P  indicntps  permanent  activity,  due  wholly  to  radium  salt 
contained  in  the  sample. 

The  electroscopes  have  a  limit  of  sensibility  corresponding 
to  0.00.")  X  lO"'  g.  of  radium.  It  is  desirable  to  boil  out 
emanation  from  about  2  1.  of  water,  in  which  case  as  little 
as  0.002  X  10"'  g.  of  radium  per  liter  can  be  measured. 
Sometimes,  however,  especially  in  the  case  of  foreign  waters, 
we  have  available  for  this  determination  only  about  200  cc, 
in  which  event  the  least  quantity  that  can  be  measured  is 
0.025  X  10 -»  g.  radium  per  liter. 

The  aignificanee  of  the  data  depends  on  the  fact  that  we 
have  never  found  in  any  commercial  bottled  water  of  natural 
origin  sufficient  radioactivitj",  either  temporarj-  or  permanent, 
to  warrant  its  purchase  by  consumers  because  of  its  content 
of  radioacti\"ity. 

The  largest  fiuantity  of  radioacti\'ity  of  a  temporar\'  nature 
which  we  have  found  in  any  commercial  foreign  or  domestic 
bottled  water  of  natural  origin  corresponds  to  0.188  X  10  "  g. 
radium  per  liter.  This  sample  came  from  a  warm  spring  in 
Ma.ssarhusetts. 

The  largest  quantity  of  radioactivity  of  a  permanent  nature 
which  we  have  foutifl  in  any  commercial  foreign  or  domestic 
bottled  water  of  natural  origin  corresponds  to  0.270  X  10 '»  g. 
(millimicrogrami  radium  per  liter  (Sample  34  in  table). 
The  activity  of  this  sample  as  received  was  not  determined. 
This  sample  eaiiw  frnin  a  deep  well  in  northern  Ohio. 

IjOt  us  eomiider  tin-  ^iirnificance  of  the  two  maximum  figure.? 
just  mentioned,  O.lss  :iiid  0.270,  from  a  therapeutic  stand- 
point. In  "New  and  Nonoflficial  Remedies"  of  1921,  page 
2.>1,  it  is  stated  that  the  ( 'ouncil  on  Pharmacy  and  Chemistry 
of  the  .'\merican  Medical  .•\s.sociation  will  not  accept  any 


radium  solution  for  internal  use,  the  dosage  of  which  is  less      ' 
than  2  micrograms  each  day,  or  any  radium  emanation  gener- 
ator which  yields  less  than  2  microcuries  of  emanation  during 
each  24  hrs.     It  is  obvious,  therefore,  that  to  obtain  the 
minimum  daily  dose  of  emanation  from  Sami^le  22  it  would  be 

(2000 
,-——-7 — .,  _,. 
I). loo  X  •i.ioo 

of  radium 

salt  from  Sample  34  it  would  be  necessary  to  consume  19-57 

(2000  \ 

=  19.57.0  ) .   It  may  be  men- 
0.2/0  X  -3./ 00  / 

tioned   in  this  connection  that  Sample  34  is  very  highly 

mineralized,  and  the  dose  is  measured  lay  the  teaspoonful. 


j.eY 


=  2810.6  1,  and  to  obtain  the  minimum  daily 


Mellon  Institute  Bibliographic  Series,  Bulletin  1 

The  Mellon  Institute  of  Industrial  Research  has  commemo- 
rated the  tenth  anniversary  of  the  use  of  the  Industrial  I'ellow- 
ship  System  of  the  University  of  Pittsburgh  by  issuing  Bulletin 
1  entitled  "A  List  of  the  Books,  Bulletins,  Journal  Cimtribu- 
tions,  and  Patents  by  Members  of  Mellon  Institute  of  Industrial 
Research,  1911-1922."  This  is  the  first  bulletin  of  the  kind 
issued  by  the  Institute  and  is  the  beginning  of  a  bibliographic 
series  which  it  is  planned  to  publish.  One  of  the  provi- 
sions under  which  the  Institute  was  founded  is  the  dissemination 
of  information  concerning  investigations  carried  out  under  its 
auspices,  and  this  bulletin  represents  the  published  contributions 
of  the  Institute  to  scientific  and  technical  literature  from  the 
inauguration  of  the  system  on  March  1,  1911,  to  January   1,  1922. 

The  compilation  was  made  by  Mrs.  Clara  Guppy  Statler,  and 
the  style  is  that  usually  followed  in  bibliography.  In  listing 
periodicals  the  abbreviations  of  the  American  Chemic.m.  So- 
ciety have  been  followed  throughout. 
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Studies  in  Rubber  Vulcanization' 

The  Relation  between   Chemical  and  Physical  State  of  Cure  of  Rubber  \ul(anizccl  in  the 
Presence  of  Certain  Organic  Accelerators 


By  Norman  A.  Shepard  and  Stanley  Krall 


RK5RAKC1I    LaiiORA 


nNi!  TiRH  &  RrnnnR  Co..  Akron,  Oiiii 


Hexamelhylenetelramine.  p-nitrosodimethylaniline.  aldehyde  am- 
monia, and  the  thiocarbanilide,  respectively,  have  been  introduced 
in  such  quantities  in  a  mixing  consisting  of  48  parts  of  first  latex 
crepe.  48  parts  of  zinc  oxide,  and  3  parts  of  sulfur,  that  equivalerj 
physical  states  of  cure  {as  gaged  by  the  stress-strain  relations)  haoe 
been  obtained  when  vulcanized  for  60  min.  at  287°  F.  {141.7°  C). 

The  amounts  of  these  accelerators  required  to  give  equivalent 
physical  states  of  cure  were  0.5  part  hexamethyleneletraminc.  0.25 
part  of  paranitrosodimethylaniline,  0.75  part  aldehyde  ammonia, 
and  1.5  parts  of  thiocarbanilide.  respectively. 

The  vulcanization  coefficients  on  these  matched  60-min.  cures, 
which  were  0.87.  1 .03.  0.98.  and  1.38,  respectively,  showed  no  uni- 
formity in  amount  of  combined  sulfur.  In  only  one  case,  that  of 
the  p-nitrosodimethylaniline  and  aldehyde  ammonia,  did  the  coeffi- 
cients fall  closely  together.  In  this  case  the  difference  was  only  about 
5  per  cent.  In  all  the  other  cases,  there  was  a  wide  variation  in  the 
coefficients:  with  the  p-nitrosodimethylaniline  the  coefficient  was 
18.4  per  cent  greater,  with  the  aldehyde  ammonia  12.6  per  cent 
greater,  and  with  the  thiocarbanilide  58.6  per  cent  greater  than  with 
the  hexamethylenetetramine .  In  other  words,  the  chemical  state  of 
cure  was  no  index  to  the  physical  state  of  cure. 

These  four  organic  accelerators,  though  all  reacting  with  sulfur 
during  vulcanization,  do  not,  when  heated  in  xylene  under  similar 
conditions,  form  insoluble  reaction  products  which  seriously  inter- 
fere with  the  determination  of  combined  sulfur. 

THE  RELATIVE  merit.?  of  the  stress-strain  relations  and 
coefficient  of  vulcanization  as  measures  of  state  of  cure 
have  been  the  subject  of  lively  discussion  for  many 
years.  As  far  back  as  1902,  Weber^  stated  that  the  fact 
that  two  different  specimens  of  %-ulcanizcd  rubber,  even  when 
produced  from  the  same  batch  of  crude  rubber,  possessed 
equal  coefficients  of  vulcanization,  by  no  means  implied  that 
the  two  specimens  also  possessed  the  same  physical  constants. 
It  was  his  \dewpoint  that  variations  in  the  amount  of  work- 
ing which  a  sample  of  rubber  received  and  differences  in  the 
temperature  and  duration  of  the  vulcanization  period  in- 
fluenced the  physical  result  of  the  \Tjlcanization  process, 
without  exerting  a  corresponding  influence  upon  the  chemical 
result.  Axelrod'  has  presented  figures  wliich  support  Weber's 
view  that  the  temperature  of  the  \'ulcanization  largely 
affects  the  physical  properties.  Upon  \'ulcanizing  to  the 
same  vulcanization  coefficient,  but  at  two  different  tempera- 
tures, Axeh-od  found  marked  differences  in  the  load  required 
to  produce  a  given  elongation  in  the  two  ^•ulcanizates. 
Schidrowitz,^  in  working  out  a  systematic  method  for 
testing  rubber  and  placing  the  "optimum  cure"  by  means  of 
"slope,"  came  to  the  conclusion  that  the  progress  of  \-ulcani- 
zation  can  be  accurately  expressed  by  a  series  of  stress- 
strain    ciu-ves,  and  the  state  of  cure   of    a   given  mixing 

'  Presented  before  the  Division  of  Rubber  Chemistry  at  the  63rd  Meet- 
ing of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7,  1922. 
=  "The  Chemistry  of  India  Rubber,"  p.  93. 

J  Cummi-Ztg..  24  (1909),  352:   J.  Soc.  Chem.  Ind.,  29  (1910).  34. 
<  Rubber  Industry  (London) .  1914,  212;  cf.  J.  Soc.  Chem.  InJ..  34  (191.5) 


at  a  given  time  by  the  corresponding  curve.  Stevens,' 
(III  the  other  hand,  while  admitting  that  the  coefficient  of 
\ulcanization  can  be  taken  only  as  an  approximate  guide  to 
the  condition  or  degree  of  vulcanization,  favors  this  factor, 
rather  than  the  physical  properties,  a.s  a  measure  of  state  of 
cure,  since  the  tensile  properties  of  a  vulcanized  rubber  are 
not  constant,  but  vary  with  the  age  of  the  specimen,  while 
the  coefficient  of  vulcanization  suffers  little  change  under 
similar  conditions;  furthermore,  according  to  Stevens,  the 
coefficient  of  vulcanization  is  an  index  to  the  stability  of  the 
[jln'sical  properties.  Spence*  takes  a  similar  stand  as  regards 
the  value  of  the  coefficient.  Eaton  and  Grantham'  utilize 
the  physical  properties  almost  exclusively  in  their  work  on  the 
variabiUty  of  plantation  rubber,  though  their  figures"  for 
combined  sulfur  show  a  very  marked  relationship  between 
physical  and  chemical  properties.  De  Vries,'  though  not 
finding  such  large  differences  as  do  Schidrowitz  and  Golds- 
brough,"  agrees  with  the  latter  that  the  chemical  process  of 
the  combination  of  rubber  and  sulfur  is  in  itself  quite  inde- 
pendent of  the  physical  process  which  determines  the  position 
of  the  stress-strain  curve.  De  ^'ries'  arguments  are  based  on 
a  series  of  age  tests  conducted  at  7.5°  C.  from  which  he  con- 
cludes that  it  is  possible  to  bring  the  rubber  to  the  "correct" 
or  any  chosen  standard  of  cure  (as  judged  by  the  cun-e) 
with  other  and  quite  arbitrary  coefficients  of  vulcanization. 
He,  therefore,  is  of  the  opinion  that  the  mechanical  properties 
are  the  more  important,  and  that  the  curve  is  a  better  gage 
for  judging  the  properties  than  is  the  chemical  condition  as 
expressed  by  the  coefficient  of  \'ulcanization.  Stevens" 
aptly  replies  to  this  that  De  Vries  has  only  showTQ  that 
under  different  conditions  different  coefficients  of  vulcaniza- 
tion may  be  obtained  for  the  same  rubber,  gi^^ng  the  same 
stress-strain  curve.  Stevens  is  willing  to  admit  the  value  of 
an  arbitrary  "standard  cur\e"  in  placing  state  of  cure, 
provided  the  results  can  be  correlated  to  rubber  correctly 
cured  in  the  manufacturing  sense,  and  "it  is  here  that  the 
coefficient  is  of  great  value." 

From  this  review  of  the  literature  it  appears  that  there  is 
considerable  confusion  concerning  the  term  "state  of  cure." 
It  is  the  opinion  of  the  -nTiters  that  to  cure  two  samples  of 
rubber  to  the  same  chemical  state  of  cure  is  one  thing,  while 
to  vulcanize  to  equivalent  physical  state  of  cure  may  be  quite 
another.  The  phijsical  state  of  cure  is  \'ital  for  the  perform- 
ance of  vulcanized  rubber  in  ser^■ice,  pro\-ided  of  course  that 
the  stabihtj'  of  the  physical  condition  is  certain.  It  is  here 
that  the  chemical  state  of  cure  unquestionably  pla}'s  a  major 
part.  It  would  appear,  from  what  has  already  been  pub- 
lished, that  only  under  standardized  conditions  of  mixing, 
curing,  and  testing  is  there  a  close  relationship  between  the 
chemical  and  physical  states  of  cure. 

5  J.  Soe.  Chem.  Ind..  36  (1916),  872. 
i  India  Rubber  J..  62  (1916),  S61. 
'  J.  Soc.  Chem.  Ind..  34  <.\9lo>.  989;   36  (1916),  715. 
«  .Isr.  Bull.  Federated  Malay  Slates.  27  (191S),  1.39. 
'India  Rubber  J..  63  (1917),  101. 
"Ibid.,  61  (1916),  505. 
"  Ibid.,  63  (1917),  220. 
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With  the  advent  of  organic  accelerators  tlie  relationsliip 
between  the  viilcanization  coefficient  and  physical  properties 
came  to  be  more  and  more  questioned.  Cranor,"  in  curing 
smoked  sheet  compounded  with  6  per  cent  of  sulfur  and  1 
per  cent  zinc  o.vide,  without  accelerator  and  in  the  presence 
of  hexamethylenetetramine  and  of  dimethylamraonium 
dimcthyl-dithiocarbamate,  respectively,  found  that  when 
cured  to  practically  the  same  coefficient  of  vulcanization 
(2.85,  2.83,  and  2.68,  respectively),  the  loads  required 
to  produce  an  elongation  of  700  per  cent  were  700,  2070,  and 
2910,  respectively.  The  periods  of  ciu-e  in  these  cases  were 
all  of  difTerent  length:  130  min.  at  292°  F.,  50  min.  at 
292°  F.,  and  5  min.  at  295°  F.,  respectively.  Furthermore, 
in  spite  of  the  moderate  coefficient  obtained  in  each  case, 
Cranor  stated  that  the  50-min.  "hexa"  cure  was  somewhat 
ovcrvulcanized  and  that  the  5-min.  "carbamate"  cure  was 
much  overcured.  Similar  results  have  been  obtained  when 
vulcanizing  samples  to  the  same  coefficients  with  p-nitroso- 
dimethylaniline." 

Viewing  his  results  from  the  standpoint  of  constant  phj's- 
ical  properties,  Cranor  lia.s  shown  that  when  the  three  stocks 
mentioned  above  were  cured  to  the  jx)int  where  a  load  of 
1000  lbs.  per  sq.  in.  was  required  to  produce  an  elongation  of 
700  per  cent,  the  respective  coefficients  were  approximately 
4.9  for  the  unuccelerated  stock,  1.8  for  the  hexamethylene- 
tetramine stock,  and  0.9  for  the  stock  containing  the  di- 
methylamine  addition  product.  The  coefficients  of  \-ulcani- 
ZRtion  were  thus  no  index  to  the  physical  state  of  cure  in 
this  ca.-ie. 

In  onlcr  to  throw  further  light  upon  the  relation  between  the 
chemical  and  physical  states  of  cure  in  the  case  of  accelerated 
8tock.i,  the  WTiters  have  in^'estigated  the  behavior  of  liexa- 
methylenetclramine,  p-nitrosodimethylaniline,  aldehyde  am- 
monia, and  thiocarbanilide,  when  introduced  in  such  quan- 
tities tli:it  cqui\alcnt  physical  states  of  cure  are  obtained 
when  cured  for  the  name  length  of  time  at  the  same  tempera- 
ture. In  this  way  each  stock  was  subjected  to  identical  heat 
condifion.s,  which,  from  the  above  review  of  the  work  of  pre- 

"  Inita  Rubin  Watli,  (1  (1919).  137. 

!■  Van    Rouem,'  "Communicotions   of    tht    Nclhcrland    Govt.    Inst 
(DeUt)."  Part  Vr.  p.  iU 


vious  investigators,  appears  to  be  of  ]}arainount  importance 
if  a  fair  comparison  of  stress-strain  data  and  vulcanization 
coefficients  is  to  be  made.  In  matching  the  physical  states 
of  cure  of  these  stocks,  no  attempt  was  made  to  work  wth 
the  so-called  "optimum  cure."  The  core  selected  was 
somewhat  below  that  of  maximum  tensile  strength  (cf.  the 
control  stock  A,  Fig.  5)  and  was  judged  to  be  a  good  commer- 
cial cure. 

Experimental  Procedure 

Compounding — A  selected  batch  of  massed  first  latex 
crepe  was  used  throughout  the  work  and  the  mixing  consisted 
of  48  parts  of  rubber,  48  parts  of  zinc  oxide,  and  3  parts  of 
sulfur,  to  wliich  was  added  the  required  amount  of  acceler- 
ator necessary  to  give,  when  cured  for  60  min.  at  287°  F. 
(141.7°  C),  a  XTilcanizatc  ha\'ing  stress-strain  relations 
which  would  match  those  produced  by  using  0.5  part  of 
hexamethylenetetramine  (sec  Curve  A-60,  Fig.  1). 

The  selection  of  a  formula  with  so  high  a  percentage  of 
zinc  oxide  (48  per  cent  by  weight,  14  per  cent  by  volume) 
may  appear  an  unfortunate  choice.  The  writers  selected  this 
for  two  reasons.  In  the  first  place,  it  was  essential  to  work 
in  the  presence  of  zinc  oxide,  in  order  to  bring  out  the  full 
activity  of  at  least  two  of  the  accelerators  under  considera- 
tion. In  the  second  place,  from  the  standpoint  of  comparing 
the  results  with  certain  actual  compounds  used  in  factory  prac- 
tice, it  was  desired  to  use  a  somewhat  highly  compounded 
stock.  The  wTiters  are  aware  that  this  procedure,  by 
flattening  out  the  stress-strain  curves  and  bringing  thf)se 
for  successive  cures  nearer  together,  made  the  selec- 
tion of  identical  stress-strain  curves  more  difficult,  at  the 
same  time  complicating  the  analysis  for  combined  sulfur. 

The  organic  accelerators  were  all  carefully  tested  for  purity. 
The  hexamethylenetetramine  was  the  chemically  pure  ma- 
terial; the  p-nitrosodimethylaniline  melted  atS3°  to84°C.;'* 
the  aldehyde  ammonia,  melting  at  93°  to  95°  C,"  was  so 
free  from  the  resinous  decomposition  products  with  which 
it  is  commonly  contaminated  that  it  was  easily  ground  to  a 

"  Schraube  Rives  melting  point  of  pure  material  as  85°  C. 
"  Melting  point  variously  given  in  the  literature:  Beilstein,  70°  to  80°; 
Aschan,  96*  to  98°  C. 
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fine  powder;  and  the  thiocarbanilide  was  twice  recrystallized 
from  alcohol  and  melted  at  149°  to  150°  C.'« 

Three  trial  experiments  were  made  before  the  amounts  of 
these  tliree  accelerators  were  arrived  at,  which  were  neces- 
sary to  give  the  same  stress-strain  curve  in  60  min.  at  287°  F. 
as  0.5  part  of  he.xamethylenetetramine. 

The  complete  Hst  of  compounds  investigated  is  given  in 
Table  I. 

Table  I 
Control         Expt.  1  ExM.  2  Expt.  3 


48       48       48 
48       48      48 


First  latex  crepe....    48         48       48       48  48 

Zinc  oxide 48         48       48       48  48 

Sulfur 3            333  Z  o           ooo 

Hexamethylene  -  te- 

tramine 0.5          •-  •■          " '   n  ts 

Aldehyde  ammonia.      ..        0.5                  ..  0.7  .             ..0.75 

Thiocarbanilide 1.0        ..  ..  1.25          ..        ..      1.6 

<>-Nitro50dimethyl-                                    „  „„  .  „, 

aniUne 0.22  ..  ..     0.25       ..        .. 

Mixing — The  stocks  were  mixed  on  a  small  experimental 
mill.  After  milling  for  10  min.  to  break  down  the  rubber,  the 
mixture  of  zinc  oxide,  sulfur,  and  accelerator  was  incorpor- 
ated during  the  course  of  4  min.  and  the  mixing  was  continued 
for  an  additional  8  min.  in  order  to  obtain  a  uniform  product. 
The  mill  rolls  were  cooled  to  approximately  the  same  tem- 
perature before  mixing  each  batch  and  kept  the  same  distance 
apart  for  all  mixes.  Mter  mixing,  the  stocks  passed  di- 
rectly to  a  small  calender  where  they  were  calendered  to  a 
thickness  of  approximately  0.1  in. 


bath.  This  procedure  was  necessary  to  prevent  reducing  the 
temperature  of  the  curing  bath  when  inserting  molds.  After 
vulcanization,  the  molds  were  immediately  plunged  into  a 
tank  of  cold  water.  The  slabs  produced  were  approxi- 
mately 0.07  in.  tliick. 

Physical  Testing— Dumb-bell  strips  were  cut  from  the 
\'ulcanized  slabs  0.25  in.  wide  at  their  central  portion.  The 
stress-strain  data  were  obtained  on  the  Scott  testing  machine 
by  two  observers.  Strips  of  this  thickness  permitted  the 
employment  of  the  inner  scale  on  the  machine  so  that  the 
load  could  be  easily  read  to  0.4  lb.  Two  strips  of  each  cure 
were  broken  except  where  otherwise  stated. 

Analttical  Method — The  combined-sulfur  figures  and 
vulcanization  coefficients  were  determined  in  the  following 
manner:  l-g-  samples,  creped  on  a  tight  cold  mill,  were  ex- 
tracted with  acetone  for  16  hrs.  in  an  Underwriters  extrac- 
tion apparatus.  After  air-drying  for  about  15  min.,  the 
acetone-extracted  samples  were  digested  for  8  hrs.  in  a 
5  per  cent  alcohohc  potash  solution,  followed  by  a  16-hr.  ex- 
traction \^ith  alcohol.  After  another  air-drjing,  the  samples 
were  covered  in  a  small  flask  with  a  mixture  of  20  cc.  ether 
and  20  cc.  concentrated  (aqueous)  hydrochloric  acid  and  al- 
lowed to  stand  at  ordinary  temperature  for  1  hr.  with  oc- 
casional shaking.  After  a  washing  with  hot  water  a  final 
extraction  was  made  with  boiling  water  for  4  hrs.  This 
procedure  is  similar  to  that  of  Kelly,"  the  ether-hydrochloric 
acid   treatment   being   that   proposed   by   Stevens."    The 


200 
300 
400 
500 
600 
Break 


235 
470 
825 
1410 
2240 
(637)  2770 


B  C 
4S-Min.  Curt 

166  213 

302  467 

510  790 

865  1300 

1375  2080 

(675)  1840  (620)  2310 


Table  II 
-Load — Lbs.  per  Sq.  In  - 


D 

205 
465 
810 
1340 
2060 
(650)  2460 


A 


324 
605 

inio 

1720 

2680 

(656)  3380 


212 
392 
670 
1110 
1770 
(640)  2180 


7i«.  Cttre 

254 
508 
845 
1380 
2120 
(637)  2460 


290 
610 
1025 
1620 
2600 


CxJRiN<3 — The  curing  was  conducted  at  287°  F.  (141.7°  C.) 
in  a  paraffin  bath  regulated  to  within  0.5°  F.  The  molds 
were  allowed  to  remain  in  a  preheating  bath  at  approximately 
320°  F.  for  exactly  1  min.  before  they  were  placed  in  the  curmg 

"  LeUman,  150.5°  C;    Bamburger,  153°  C. 


sulfur  was  determined  in  the  extracted  samples  by  the  method 
of  Waters  and  Tuttle,"  by  oxidizing  with  nitric  acid-bromine 
mixture  and  fusing  with  potassium  nitrate-sodium  carbonate 


"This  Jodrnal,  14  (1922),  196. 
it  India  Rubber  J.,  60  (1915),  187. 
'•  Bur.  Standards,  Reprint  174. 
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inLxture.    It  was  precipitated  and  weighed  as  barium  sulfate 
in  the  usual  manner. 

Results 

The  stress-strain  curves  obtained  in  the  three  trial  experi- 
ments are  sliown  in  Fips.  1,  2,  and  3,  and  the  data  given  in 
Tables  II,  III,  and  IV.  Figs.  1  and  2  show  that  the  amounts 
of  the  tlu-ee  accelerators  in  these  cases  were  insufficient, 
while  Fig.  3  shows  that  the  proportions  used  in  Expt.  3  pro- 
duce almost  identical  stress-strain  relations  when  the  stocks 
are  cured  for  60  min.  at  287°  F.  (141.7°  C). 


Table  III 

Sq 

NCATION 

A 

o.vo 

E 

F 

60- 

Min.  Cu 

re 

200 

372 

30S 

340 

300 

602 

540 

S.iO 

400 

1005 

900 

850 

SOD 

1660 

1520 

1380 

60O 

2620 

2380 

2180 

Break 

(662) 

3300 

(675) 

3080 

(650) 

2580 

In  order  to  check  up  the  results  plotted  in  Fig.  3,  new 
batches  of  stocks  A,  G,  II,  and  I  were  mixed  and  a  sufficient 
number  of  the  60-min.  slabs  cured  so  that  four  test  strips 
could  be  cut.     By  averaging  the  four  individual  results,  the 


used  in  Fig.  4  were  run  in  triplicate.  The  results,  which  are 
given  in  Table  VII,  show  that  these  triplicates  in  everj' 
case  checked  to  \\-ithin  0.03  per  cent  of  combined  sulfur. 


TABtH   VII 

Combined  Sulfur 

Per  cent 

Sample 
1          2         3       Av. 

Coefficient  of 
Vulcanization 

Increase  in  Co- 
efficient over  That 
of  .\ 
Actual    Per  cent 

0 
0 
0 

44  0.41  0.41  0.42 
50  0.51  0.49  0.50 
47  0.48  0.47  0.47 

0.87 
1.03 
0.98 

oiie        is!* 

O.ll           12.6 

I  0.66  0.65  0.66  0.60  1.38  0.51  58.6 

Since  it  has  been  repeatedly  observed,  both  in  this  labora- 
tory and  elsewhere,'^"  that  the  organic  accelerators  used  in 
these  experiments  react  quite  readily  with  sulfur  at  or  below 
the  temp)erature  here  employed  for  vulcanization,  it  was  nec- 
essary to  determine  whether  such  reaction  products  are  com- 
pletely dissolved  during  the  extractions  with  acetone,  alco- 
holic potash,  and  ether-hydrocliloric  acid,  which  precede  the 
determination  of  true  combined  sulfur.  Kelly"  believes  that 
part  of  these  reaction  products  are  removed  Ijy  the  alcoholic 
potash  solution  and  the  remainder  by  the  ether-hydrochloric 
acid;  however,  he  submits  no  proof  of  this,  and  later  quali- 
fies the  above  assertion  by  stating  that,  in  the  case  of  some 
accelerators,  it  is  not  at  all  certain  that  the  sulfur  reaction 
products  can  be  entirely  removed  in  this  way.     In  order  to 


PSaCKNTAGB 

A 

G                            H 

I 

A 

G 

H 

I 

45-Min.  Cure 

200 

248 

263                         266 

302 

330 

386 

315 

332 

300 

455 

560                        464 

605 

620 

685 

652 

400 

788 

960                        805 

1030 

1070 

11.30 

1010 

1070 

SOO 

1325 

1535                       1420 

1670 

1820 

1870 

1740 

1750 

600 

2090 

2360                     2170 

2650 

2740 

2660 

2590 

2580 

Break 

(637 

)    2480 

(600) 

2360          (650)    2720 

(637) 

3080 

(606) 

2840 

(605) 

2720 

(644) 

(625)       . . 

stress-strain   curves 
were  obtained. 


plotted    in   Fig.  4  (data  in  Table  V) 


-Loao^Lbs.  pbr  So.  Im.- 


200 
300 
400 
SOO 
600 
Brcmk 


290 
610 
1020 


iOMi 

320 

855 
1100 
1780 
2760 
3000 


298 
560 

ess 

1610 

2480 

(630)  2940   (630) 


298 
675 
975 
1580 
2.540 


The  strcss-.itrain  data  for  these  four  stocks,  over  a  range  of 
cures  from  30  to  120  min.  (see  Table  VI),  are  plotted  in  Figs. 
5,  6,  7,  and  8.  These  are  introduced  in  this  report  merely 
to  give  a  more  complete  picture  of  the  general  characteristics 
of  these  stocks. 

The  combined  .sulfur  determinations  on  the  fiO-min.  cures 


tlirow  some  light  on  this  point  in  the  case  of  the  four  accelera- 
tors under  consideration,  they  were  heated  with  sulfur  and 
zinc  oxide  under  conditions  approaching  as  closely  as  possible 
those  employed  during  the  actual  vulcanization.  The  same 
proportions  of  zinc  oxide,  sulfur,  and  accelerator,  as  employed 
in  compounding  the  above  stocks  (A,  G,  H,  and  I),  with 
xylene"  (boiling  point  141°  C.)  replacing  the  rubber,  were 
heated  for  60  min.  at  287°  F.  (the  time  and  temperature 
actually  employed  in  the  vulcanization).  At  the  end  of 
this  time,  the  xylene  was  distilled  off  under  reduced  pressure 

"  Peachey,  Brit.  Patent  113,570  (1918);  Dubosc.  India  Rubber  World, 
69  (1919),  248:  Bedford  and  Scott,  This  Journal,  IS  (1920).  33;  13(1821), 
1034. 

>>  The  writers  arc  aware  that,  in  changing  from  a  colloidal  medium 
(rubber)  to  a  noncolloidal  medium  (xylene),  the  amounts  of  the  various 
reaction  products  obtained  from  any  given  accelerator  and  sulfur  may  be 
diffcrcully  proportioned.  It  would  hardly  be  expected,  however,  that  the 
nature  of  the  reaction  products  would  be  changed. 


Tablb  VI 

3AD— LBb 

.  perSq.  In. - 

L. 

PkrcknTagr 

A 

G 

H 

I 

A 

G 

H 

r 

Elongation 

JO-UiH.  Cure 

75-Mm.  Cure 

200 

244 

170 

342 

450 

338 

347 

ano 

400 

428 

410 

607 

765 

822 

038 

750 

400 

682 

714 

680 

1040 

1290 

1340 

1110 

1210 

SOO 

IISO 

1130 

1125 

1680 

2135 

2140 

1780 

1940 

600 

1820 

1785 

1800 

2590 

2750 

3100 

Break 

(637) 

2180 

(637) 

2070 

(637)    2050 

(644) 

(620) 

(562) 

2740 

(625)    3100 

(612) 

IS-iliti  Curt 

»0-Min.  Cure 

200 

2-4 

292 

270 

290 

418 

565 

321 

.-JOO 

525 

eio 

520 

695 

865 

950 

670 

400 

89.'. 

1030 

89S 

1160 

1390 

1490 

1100 

500 

1460 

1620 

1470 

1860 

2210 

2310 

1800 

600 

23S0 

2340 

2730 

Break 

(637) 

2790 

(675) 

2230 

(610)    2500 

(631) 

f«00) 

(575) 

(612)    2880 

fOUin.  Curt 

120-Min.  Cure 

300 

31 S 

342 

293 

299 

487 

625 

430 

470 

300 

nos 

730 

697 

684 

920 

1020 

765 

865 

400 

103.'. 

1100 

1000 

1168 

1460 

1630 

1210 

1350 

SOO 

1800 

1870 

1610 

1860 

2300 

2600 

1920 

2160 

600 

2900 

2900 

Break 

(637. 

1587) 

(631)   : '. 

(637) 

(581) 

(525) 

(000)        '.  '. 

(600) 
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and  the  resulting  mass  given  the  same  extraction  treatment  as 
I  ho  rubber  stocks,  i.  e.,  with  acetone,  alcoholic  potash,  and 
(■lh('r-hydrocl\loric  acid.  The  insoluble  residue  at  the  end  of 
this  treatment  was  collected  on  a  Gooch  crucible,  washed 
liiorouuihly  with  hot  water,  and  dried  at  50°  C.  to  constant 
wiMiilit.  A  blank  was  also  run  to  determine  the  hydrochloric 
acid-in.solublc  in  the  zinc  oxide. 

The  percentages  of  insoluble  residue,  after  correcting  for 
the  zinc  o.xide-insoluble,  are  given  in  Column  1  of  Table  VIII, 
together  with  the  figures  showing  what  this  insoluble  material 
would  amount  to  in  the  actual  vulcanizates  (Colunm  3). 


.■\CCE1.KRATUR 

Hexametliylenetetramin 
/>-Nitrosodimethylanilin 

.\ldehyde  ammonia 

Thiocarbaiiilide 


Insoluble 

Residue 

Formed 

Per  cent 

4.3 

11.0 

5.S 

2.0 


.Accelerator 
in  Stock 
Per  cent 
0.5 
0.25 
0.75 
1.5 


Insoluble' 
in  Stock 

Per  cent  Stock 

0,02  A 

0.03  G 

0.04  H 

0.03  I 


1  Owing  to  the  small  amounts  obtained  in  each  case,  the  presence  of 
sulfur  was  only  proved  qualitatively;  the  figures  cannot,  therefore,  be  used 
as  correction  factors  for  the  vulcanization  coefficients;  but  since  the  amounts 
present  in  each  stock  are  so  small  and  so  nearly  identical,  the  effect  on  the 
coefficient  is  almost  negligible. 


Discussion  of  Results 

The  results  for  combined  sulfur  recorded  in  Table  VH  in- 
dicate that  for  accelerated  stocks,  even  when  the  quantity  of 
accelerator  is  so  chosen  that  equivalent  stress-strain  relations 
are  obtained  in  the  same  time  of  cure,  the  vulcanization  coeffi- 
cients show  no  corresponding  uniformity.  This  lack  of  uni- 
formity in  the  coefficients  cannot  be  ascribed  to  sulfur  re- 
tained in  chemical  combination  by  the  respective  accelerators, 
as  the  figures  in  Table  VIII  show.  In  other  words,  then,  the 
\ulcanization  coefficient  of  an  accelerated  stock  is  no  cri- 
terion of  the  physical  state  of  cure.  It  is  interesting  in  this 
connection  to  note  the  comments  of  Twiss"  along  this  line: 

The  chemical  action  of  sulfur  on  the  rubber  induces  the  physi- 
cal alterations  which  constitute  the  advantage  to  be  gained  by 
vulcanization,  but  the  chemical  and  physical  processes  are  not 
necessarily  strictly  proportionate  and  some  accelerators  influence 
one  more  than  the  other.  In  the  presence  of  certain  accelera- 
tors the  physical  or  mechanical  alteration  is  disproportionately 
rapid,  and  the  tensile  strength  attains  its  maximum  at  a  coeffi- 
cient of  vulcanization  well  below  the  normal  value. 

The  coefficients  recorded  in  Table  VII  are  all  remarkably 
low.  Other  investigators,  however,  ha\'e  recorded  similar 
results.^'  Kelly  has  given  figures  for  a  thiocarbanilide  stock, 
having  a  combined  sulfur  content  of  only  0.84  and  a  coeffi- 
cient of  0.99;  the  physical  properties  of  this  stock,  however, 
are  not  recorded.  Cranor  found  a  stock  to  have  satisfactory 
physical  properties  with  a  \'ulcanization  coefficient  of  1.09; 
he  was  working,  however,  with  the  very  active  dimethylam- 
monium  dimethyl-dithiocarbamate,  and  the  curing  time  was 
only  3  min. 

Looking  at  the  results  from  another  angle,  they  indicate 
that  an  accelerator  has  a  specific  action  in  \-ulcanization,  aside 
from  its  influence  on  the  chemical  combination  between  rubber 
and  sulfur.  Many  of  the  published  figures  on  the  properties 
of  accelerated  stocks  show  abnormally  liigh  tensile  properties 
for  low  coeflScients  of  vulcanization.  However,  in  most  cases, 
it  is  difficult  to  di-aw  any  conclusion  as  to  any  specific  effect 
of  the  accelerator  on  the  vulcanization  process,  since  the 
duration  of  the  curing  period  has  been  so  variable.  Many 
have   ascribed   these   abnormal   properties   entirely   to   the 

"  J.  Soi.  Chem.  hid..  39  (1920),  I25T. 

"  Cranor,  Z.oc.  ((/.,■  UTiitby  and  Smith,  paper  presented  before  the 
Section  of  Rubber  Chemistry  at  the  62nd  Meeting  of  the  American  Chemical 
Society,  New  York,  N.  Y.,  September  6  to  10,  1921;  Kelly,  Loc.  cit. 


shortening  of  the  curing  period  through  the  influence  of  the 
accelerator.  By  the  tabulation  of  Gottlob's**  results  oIjt 
tained  with  Vulkazit,"  Heidi"  has  shown  that  the  shorter  the 
time  of  vulcanization,  the  higher  the  teasile  strength  corre- 
sponding to  a  definite  combined  sulfur  content.  Seidl  states 
that,  parallel  with  the  strengthening  of  tiie  rubber  through 
the  taking  up  of  sulfur,  a  depolymerization  of  the  rubber  takes 
place  under  the  influence  of  the  heat  which  exerts  its  harmful 
effect  to  a  lesser  extent,  the  shorter  the  time  of  heating. 

Aside  from  a  tlieoretical  interest,  the  results  recorded  in 
the  present  paper  liave  a  practical  application,  since  for 
several  commercially  applicable  accelerators,  the  quantities 
necessary  for  the  production  of  equivalent  physical  states  of 
cure  have  been  derived.  The  problem  of  matching  the 
physical  properties  of  a  stock  in  the  presence  of  different 
accelerators,  but  under  identical  temperature  conditions  and 
duration  of  curing  period,  is  one  often  confronting  the  rubber 
technologist,  for  shortening  of  the  period  of  cure  is  far  from 
the  only  consideration  in  connection  with  organic  accelera- 
tors. Toxicity,  volatility,  miscibility,  effect  on  range  of 
cure,  influence  on  aging  properties,^'  and  tendency  to  pro- 
duce "scorching,"  all  have  an  important  bearing  in  the  se- 
lection of  accelerators  for  specific  purposes.  Furthermore, 
where  a  given  stock,  of  definite  stress-strain  relations,  has 
proved  tlirough  years  of  experience  in  service  its  applicability 
for  a  specific  purpose,  the  introduction  of  a  new  accelerator 
should  not  disturb  these  stress-strain  relations  unless  ex- 
haustive practical  tests  have  proved  the  desirability  of  mak- 
ing such  a  change  in  these  factors.  Hence  the  value,  in 
making  comparative  studies  of  accelerators,  of  matching 
physical  "state  of  cure"  and  studying  the  relative  behavior 
of  stocks  which  contain  equivalent  accelerating  quantities 
of  accelerator. 

The  equivalent  (juantities  which  have  been  determined  in 
the  course  of  tliis  work  indicate  that  1  part  of  hexamethylene- 
tetramine  is  equivalent  in  accelerating  power  to  1..5  parts  of 
aldehyde  ammonia,  3  parts  of  tliiocarbarulide,  and  0..5  part  of 
p-nitrosodimethylaniline,  respectively,  in  the  type  of  stock 
here  tested.  It  does  not  follow,  for  example,  that  these  exact 
relationships  will  hold  for  a  stock  in  which  the  sulfur  content 
is  sharply  reduced.  As  Twiss-'  has  remarked,  "the  possi- 
bihty  must  always  be  borne  in  mind  that  the  activity  of  an 
accelerator  may  possibly  be  influenced  by  the  proportion  of 
free  sulfur  simultaneously  present."  Recent  publications  on 
the  mechaiusm  of  the  action  of  organic  accelerators^'  would 
indicate  that  the  concentration  of  sulfur  is  an  important  factor 
in  their  activation.  Furthermore,  it  must  not  be  understood 
that  these  equi\-alent  quantities  have  been  worked  out  to 
the  limit  of  accuracy.  Averaged  stress-strain  data  indicate 
that  the  errors  in  curing  and  testing  run  upwards  to  5  per  cent, 
while  the  deviations  of  the  three  00-min.  stress-strain  curves 
from  the  control  (the  60-min.  hexamethylenetetramine  curve) 
average  7  per  cent  (cf.  Fig.  4  and  Table  V).  Further  re- 
finements of  the  equivalent  quantities,  though  desirable  from  a 
theoretical  standpoint,  have  not  j^et  been  made;  from  the 
standpoint  of  practical  application,  the  above  results  are 
sufficiently  accurate. 

In  a  recent  article  entitled  "The  Relative  Acti\'ity  of  Cer- 
tain Accelerators  in  the  "S'ulcanization  of  Rubber,"  Endres'" 
arrived  at  somewliat  dilYerent  conclusions  regarding  the  rela- 
tive equi\'alent  accelerating  quantities  of  some  of  these  same 

"  Cummi-Zlg.,  30  (1916),  303. 

=*  Probably  aldehyde  ammonia. 

M  Cummi-Zlg..  34  (1920),  797. 

n  Ditmar,  Z.  angau.  Chem.,  34,  AutsaUteil  (1921),  465;  C.  .4.,  16 
(1922),  174. 

a  J.  Soc.  Chem.  Ind.,  39  (1920),  12ST. 

»  Bedford  and  Sebrell,  This  Journal,  IS  (1921),  1034;  Bruni  and 
Romani,  India  Rubber  J.,  62  (1921),  63. 

"  Caoutchouc  &•  gulla-percha.  18  (1921),  11089. 
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accelerators.  The  acti\-ity  of  1  per  cent  of  liexamethylene- 
tetramine,  for  example,  was  stated  to  be  equivalent  to  that 
of  2.5  per  cent  of  thiocarbaiiilide.  It  is  interesting  to  note  how 
he  arrived  at  these  figures.  Discarding  without  any  experi- 
mental e\idence  the  coefficient  of  vulcanization  as  a  measure 
of  state  of  cure,  since  it  "presents  considerable  variations," 
Endres  uses  the  maximum  physical  properties  as  the  criterion 
of  correct  cure,  i.  e.,  the  maximum  teasile  strength  (or  ten- 
sile product)  at  break.  He  states  tliat  he  uses  the  stress- 
strain  curves  to  obtain  supplementary  information.  In  the 
case  cited  above  this  latter  was  apparently  overlooked,  as  the 
following  figures  for  the  equivalent  cures  wll  indicate: 


Elongation  145°  C.  Load  in  Lbs./Sq.  In. 

100  185 

200  333 

300  556 

400  964 

500  1700 

600  2800     (brealc) 
675 


2,5  Per  cent  Thioc 
banilide  50-Min.  Ci 
at  I-IS"  C.  Load  i 
Lbs./Sq.  In. 
114 
228 
458 
725 
1140 
1980 
2660    (brei 


Endres'  results  are  further  invalidated  by  the  fact  that  the 
hexamethylenetetramine  stock  (above)  contains  6  per  cent  of 
sulfur  (to  the  rubber),  whOe  the  thiocarbanilide  stock  con- 
tains 8  per  cent.  It  is  difficult  to  understand  how  a  logical 
comparison  can  be  dra^ni  under  such  circumstances. 


Quantitative  Determination  of  Anthraquinone"' 

By  O.  A.  Nelson  and  C.  £.  Senseman 

Color  Laboratory.  Bureau  of  Chemistry.  Washinoton,  D.  C 


A  method  has  been  deoelofied  by  which  anthraquinone  may  be  de- 
termined quantitalioety  in  mixtures  containing  also  phenanthraqui- 
none,  anthracene,  phenanthrene.  phthalic  anhydride,  phthalic  acid, 
or  other  oxidation  products  of  anthracene  or  phenanthrene. 

The  method  consists  essentially  of  reducing  the  anthraquinone  to 
the  red  oxanthranol  using  zinc  powder  and  5  per  cent  solution  of 
sodium  hydroxide.  The  red  solution  is  filtered  in  vacuum  and 
titrated  with  standard  potassium  permanganate. 

A  detailed  outline  for  carrying  out  the  analysis  is  gioen.  together 
with  seoeral  representallce  results  showing  the  accuracy  of  the 
method. 

IN  A  PAPER  from  the  Color  Laboratory  by  II.  F.  Lcwi.s^ 
a  method  is  described  by  which  anthraquinone  may  be 
determined  quantitatively  and  with  a  fairly  high  degree 
of  accuracy.  While  this  method  seems  to  be  theoretically 
good,  the  authors  have  found  it  vcrj'  troublesome  because  of 
the  great  length  of  time  consumed  in  filtering  and  thoroughly 
washing  tiie  finely  divided  anthraquinone. 

Grabe  and  Licbermann*  found  that  by  the  reduction  of 
anthra(iuinone  with  zinc  dust  and  dilute  sodium  hydroxide, 
a  red  compound  to  which  they  gave  the  name  of  oxanthranol, 
or  anthrahydroquinone,  was  formed.  This  compound,  which 
is  soluble  in  the  solution  of  sodium  hydroxide,  is  very  readily 
reoxidized  to  anthraquinone.  Since  the  reduction  to  oxan- 
thranol and  the  subsequent  oxidation  back  to  anthraquinone 
are  quantitative,  these  reactions  fonned  the  basis  for  Lews's 
method  of  determining  anthraquinone.  Lewis's  method  as 
outlined  consists  ess(>ntially  of  first  reducing  the  anthra- 
quinone with  zinc  and  a  5  per  cent  solution  of  sodium  hydrox- 
ide to  the  red  oxanthranol,  then  reo.xidizing  it  by  shaking  in 
air  and  weighing  the  anthraquinone  recovered. 

As  already  stated,  the  chief  difficulty  encountered  in  this 
proces.s  was  the  filtering  of  the  recovered  anthraquinone  from 
the  alkaline  solution  because  the  finely  divided  precipitate 
invariably  clogged  the  pores  in  the  asbestos  mat  of  the 
Gooch  crui'iblc.  In  several  of  our  experiments  the  time  re- 
quired for  filtering  alone  was  nearly  a  day. 

'  Rectivcd  May  31,  1022 

>  Contribution  No  62  troiii  the  Color  Laboratory.     Published  with  the 
pcrniiMion  of  the  Department  of  Acriculture. 

•  This  JotrRNAL,  10  (191S).  12". 

•  Ann  ,  1(0  (1871),  126. 


In  the  modified  method  this  filtering  is  eliminated  and  the 
red  solution  of  oxanthranol  is  titrated  wth  standard  potassium 
permanganate,  thus  determining  the  anthraquinone  volumet- 
rically  instead  of  gravimetrically  as  in  the  older  methods. 
But  as  the  oxanthranol  solution  is  readilj'  oxidized  in  air,  the 
titration  mth  potassium  pemianganate  must  be  done  in  a 
vacuum  or  in  the  presence  of  an  indifferent  gas  or  vapor.  It 
was  therefore  necessary  to  design  a  special  apparatus  for  this 
purpose.  The  filtering  tube,  a  somewhat  magnified  diagram 
of  the  construction  of  which  is  shown  in  Fig.  1a,  was  approxi- 
mately 3.5  cm  inside  diameter  and  24  cm.  long,  and  drawn 
down  to  a  diameter  of  about  5  mm.  On  the  bottom  of  this 
tube  were  placed  an  ordinary  Witte  filter  plate,  A,  ground 
down  to  fit  inside  the  glass  tube,  and  an  asbestos  mat,  B,  '/i»  in. 
thick,  which  was  held  in  [)lace  by  a  lOO-mesh  brass  gauze,  C. 
Several  dents  were  made  in  the  wall  of  the  tube  just  above  the 
brass  gauze  to  keep  it  in  place,  when  the  stirrer  was  set  in 
motion.  As  brass  is  affected  very  little  by  alkali,  one  gauze 
would  last  through  a  largo  number  of  runs.  The  reducing 
and  filtering  tube  was  made  of  heavy  pyrex  glass. 

The  following  procedure  for  making  an  analysis  has  given 
very  satisfactory  results,  and  it  can  be  completed  in  about  a 
half  hour: 

Weigh  out  0.5000  g.  of  a  very  finely  ground  sample  and  mix 
this  with  3  or  4  g.  of  zinc  dust.  The  finer  the  sample  and  the 
more  thoroughly  it  is  mixed  with  the  zinc  dust,  the  more  readily 
reduction  takes  place.  A  good  way  is  to  mix  the  sainjjlc  and  the 
zinc  dust  in  an  agate  mortar,  and  stir  the  mixture  until  no  yellow 
particles  or  streaks  of  anthraquinone  are  visible. 

From  the  mortar,  if  one  is  used,  transfer  the  dry  mixture  to  a 
small  beaker  (150  to  200  cc).  Pour  in  about  100  cc.  of  boiling 
5  per  cent  solution  of  sodium  hydroxide  and  allow  the  solution  to 
stand  with  occasional  stirring  for  about  5  rain.  The  tempera- 
ture of  this  solution  should  be  a  trifle  below  the  boiling  point  of 
the  mixture,  and  the  heating  should  not  be  continued  too  long. 
Too  long  heating  results  in  the  formation  of  some  anthranol' 
which  contains  one  oxygen  atom  less  than  does  the  oxanthranol. 

Rmi  through  the  filter  enough  water  that  has  previously  been 
boiled  and  allowed  to  cool  somewhat  to  form  a  layer  about  an 
inch  deep  in  the  bottom  of  the  suction  flask.  Evacuate  the  suc- 
tion llask  until  the  air  has  been  completely  displaced  by  water 
vapor.  The  purpose  of  this  is  to  sweep  out  all  the  air  from  the 
apparatus,  thus  obviating  any  oxidation  of  the  red  solution  by 
oxygen  other  than  that  obtained  from  the  potassium  permanganate. 


•  l.icbennann  and  Gimel,  Btr.,  SO  (1887),  1S54. 
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Pour  the  red  solution,  together  with  the  zinc  dust  and  unchanged 
anthraquinone,  into  the  reducing  and  filtering  tube  (I-'ig.  1,  C), 
which  should  be  kept  hot  by  means  of  the  electric  heater  D. 
If  a  rheostat  is  placed  in  the  circuit  the  temperature  of  the  heater 
can  be  kept  very  constant  at  about  90°  to  95°  C,  which  is  about 
right  for  the  best  results. 


FigI 


A — KMnOi  Bottle  ?■ 

B — Buret 

C — Reducing  and  Filtering  Tube 


D — Electric  He.«er 

E — Stirrer 

F — Suction  Fl.^sk 


In  filtering,  care  must  be  taken  that  no  air  is  drawn  into  the 
filter  flask.  This  is  best  accomplished  by  always  leaving  a  small 
quantity  of  the  solution  in  the  filter  tube.  In  order  that  the 
surface  of  the  solution  might  be  seen  while  filtering,  the  electric 
heater  was  held  in  place  by  a  clamp  fastened  to  a  ring  stand,  and 
could  thus  be  raised  or  lowered  at  will. 

If  care  is  exercised  during  filtration,  two  layers  will  form  in 
the  suction  flask.  This  is  highly '  desirable,  inasmuch  as  the 
water  already  in  the  flask,  which  forms  the  upper  layer,  has  been 
boiled  free  from  dissolved  air.  thus  protecting  the  red  solution 
from  any  action  of  atmospheric  oxygen. 

Usually  three  or  four  reductions  are  sufficient,  although  unless 
the  sample  is  very  finely  powdered  six  or  eight  may  be  necessary. 
The  reduction  must  be  continued  until  no  more  red  solution 
is  formed  in  the  reducing  tube  after  heating  and  stirring  for  about 
o  min. 

When  the  reduction  has  completed,  fill  the  reducing  and  fil- 
tering tube  approximately  half  full  with  the  hot  sodium  hydroxide 
solution.  After  each  increment  of  the  titrating  solution  has  been 
drawn  into  the  filter  flask,  turn  the  two-way  stopcock  so  as  to 
admit  some  of  this  alkaline  solution  to  wash  out  the  potassium 
permanganate  solution  lodged  in  the  tube  between  the  stopcock 
and  the  solution  in  the  flask. 


Tho  i)otii.s.siuni  ponnanKaiiatc  usmI  wu.s  prppnred  by  dis- 
solvinir  :i.H  g.  per  lilor  and  allowint;  the  Kolution  to  stand  for 
scvpral  (lays.  Tlu^  standaniizalioii  of  tlii.s  solution  was  ac- 
complished by  siindiuK  ()..'j()00  g.  of  pure  anthrafiuinoiif;  to 
an  impalpable  powder  and  thoroughly  mixing  it  with  zinc 
dust.  The  reduction  was  then  carried  out  a.s  previously 
described. 

The  presence  of  plienanttiraquinone  with  the  antliraqui- 
none  does  not  interfere  with  the  determination  of  the  latter. 
Several  runs  were  made  in  which  anthraquinone  and  phen- 
anthraquinone  were  mixed  in  difTerent  proportions,  but  in 
every  case  the  results  obtained  were  well  within  the  limits  of 
experimental  error.  It  should  be  noted  at  thi.s  point  that 
if  the  sample  contains  only  pure  anthraquinone,  as  when 
standardizing  the  potassium  permanganate  solution,  the 
end-point  is  reached  when  the  solution  in  the  filter  fljisk  be- 
comes perfectly  colorless.  Upon  the  addition  of  more  ti- 
trating solution  the  color  changes  to  a  dark  green,  owing  to 
the  formation  of  potassium  manganate  (KjMnOi).  If  phen- 
anthraquinonc  is  present,  the  solution  has  a  slightly  bluish 
green  tinge  for  the  end-point,  which  upon  addition  of  more 
potassium  permanganate  solution  changes  to  a  brownish 
green  color,  becoming  darker.  This  color  change  probably 
may  be  explained  by  assuming  that  a  derivative  of  phenan- 
thraquinonc  analogous  to  oxanthranol  is  formed  by  the  action 
of  zinc  and  sodium  hydroxide  solution,  and  that  this  com- 
pound is  not  as  readily  oxidized  back  to  phenanthraquinone 
as  oxanthranol  is  to  anthraquinone.  From  the  results 
obtained,  after  having  made  scores  of  determinations  of 
anthraquinone  in  mixtures  containing  also  phenanthraqui- 
none, anthracene,  phenanthrene,  phthalic  anhydride,  and 
phthalic  acid,  together  with  other  oxidation  products  of 
anthracene  and  phenanthrene,  it  has  been  observed  that 
there  is  a  distinct  change  in  color  of  the  solution  in  the  suc- 
tion flask  after  sufficient  titrating  solution  has  been  run  in  to 
oxidize  all  the  oxanthranol. 

Table  I,  showing  a  few  results  obtained  on  mixtures  of 
anthraquinone  and  phenantliraquinone,  will  give  an  idea  of 
the  degree  of  accuracy  obtainable  with  this  method. 


Weight  of 

Propor- 

.Anthra- 

R'eight of 

Phenan- 

tion  of 

quinone 

Anthra- 

thraqui 

Anthra- 

KMn04 

Deter- 

quinone 

none 

quinone 

Solution 

mined 

Grams 

Grams 

Per  cent 

Cc. 

Per  cent 

Remarks 

O.SOOO 

0.0000 

100.00 

37,85 

100.00 

Blank  Standard 
izatioo 

0.4750 

0.0250 

95.00 

36.00 

95   11 

0.4500 

0.0500 

90,00 

34,00 

89.83 

0.4250 

0.0750 

85,00 

32.20 

85.07 

0.4000 

0.1000 

80,00 

30.30 

80,06 

0.4000 

0.1000 

80,00 

30.22 

79,81 

0.3750 

0.1250 

75.00 

28.32 

74,82 

0.3500 

0.1500 

70.00 

26.40 

69,75 

0.2000 

0.0000 

100.00 

29.1 

100,00 

Blank,  Different 
KMnOi 

The  observed  and  calculated  percentages  of  anthraquinone 
agree  very  weD.  Equally  good  agreements  were  readily  ob- 
tained on  check  runs  of  the  same  sample,  thus  making  du- 
plicate determinations  abnost  unnecessary. 

In  Lewis's  method  the  anthraquinone  was  dissolved  in  a 
small  quantity  of  alcohol.  This  is  not  permissible  in  the 
author's  modification,  for  the  reason  that  the  alcohol  would 
be  oxidized  to  acetaldehyde  in  the  titration  with  the  po- 
tassium permanganate  solution,  thus  causing  the  results  to 
run  high. 

If  the  precautions  outlined  are  observed  in  detail  the 
average  analyst  should  experience  no  diflSculty  in  obtaining 
concordant  results  by  this  method  which  wiU  save  much 
time. 
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Application  of  the  Direct  Dyes  in  Coloring  Paper' 

By  Walter  C.  Holmes 
Technical  Laboratory,  Dybstuffs  Dspartment.  E.  I.  du  Pcst  db  Nemours  &  Co.,  Wilmington,  Delaware 


H'ilh  paper  materials  in  general,  the  best  results  in  dyeing  direct 
dyes  in  sized  papers  are  obtained  when  prooision  is  made  to  insure 
maximum  retention  in  the  form  of  dye  and  the  precipitation  of 
residual  color  in  the  form  of  some  lake  other  than  the  aluminium 
lake.  The  color  should  be  dyed  with  salt,  the  amount  of  alum 
used  in  sizing  reduced  to  a  minimum,  and  the  addition  of  the  alum 
preceded  by  that  of  calcium  chloride  or  other  suitable  metallic  salt, 
which  will  precipitate  a  lake  of  comparatively  desirable  character- 
istics. 

With  ground  wood  furnishes,  on  the  other  hand,  the  best  results 
are  obtained  if  the  absorption  of  the  dye  is  prevented  entirely  by 
preceding  the  addition  of  the  color  by  that  of  the  metallic  salt  which 
is  most  suitable. 

In  the  dyeing  of  mixed  furnishes  containing  ground  wood,  the 
same  principles  of  color  application  should  be  followed  in  conjunc- 
tion with  the  customary  provisions  for  insuring  uniformity  of 
coloring. 

The  methods  outlined  will  increase  the  brightness  of  the  dyeings 
without  incurring  the  disadvantages  attendant  upon  the  employ- 
ment of  basic  dyes  in  conjunction  with  direct  dyes. 

By  means  of  the  employment  of  copper  sulfate  in  the  case  of 
numerous  individual  dyes  and  dye  combinations,  a  considerable 
range  of  good  shades  of  great  fastness  may  be  obtained. 

THE  DIRECT,  or  substantive,  dyes  are  soluble  sodium 
salts  of  various  color  acids,  characterized  by  an  affinity 
for  cellulose  which  is  sufficiently  strong  to  render 
practical  their  application  in  coloring  paper  materials  vrilhout 
the  intrr\'ention  of  precipitating  or  mordanting  agencies. 
Their  cmploJ^nent,  accordingly,  is  peculiarly  advantageous 
in  coloring  unsized,  or  lightly  sized,  papers  and  such  products 
aa  "mottling  fiber."  The  same  property,  on  the  other  hand, 
restricts  their  utility  in  certain  respects,  and  necessitates 
suitable  precaution  in  their  general  application. 

They  are  further  differentiated  from  dj'es  of  otlier  classes  by 
the  relative  insolubility  of  the  lake  compounds  which  they 
form  in  beater  operation  and  the  pronounced  affinity  of  the 
latter  for  cellulose. 

As  a  clas,s,  they  are  characterized  by  comparatively  ex- 
cellent fastness  to  light  and  by  tinctorial  strength  and  bright- 
ness f)f  shade  which  are  only  moderate.  A  minor  disadvan- 
tage attendant  upon  their  employment  is  a  tendency  to 
mottled  effects.  The  solubility,  the  completeness  of  color 
retention,  with  the  accompanying  advantage  of  freedom  from 
color  in  back-waters,  and  the  relatively  slight  tendency  to 
result  in  two-sided  effects  in  the  sheet,  are  excellent. 

In  addition  to  characteristics  common  to  the  class,  indi- 
vidual dyes  possess,  in  numerous  instances,  distinctive  quali- 
ties which  make  them  of  special  value  for  paper  application. 
The  unitiue  and  complete  stability  of  Pontamine  Yellow  SX 
and  rontaminc  Yellow  CH  to  the  action  of  hypochlorites; 
and  the  extreme  resi.>^taiice  of  the  latter  to  alkali,  whereby  it 
ia  exceptionally  qutilified  for  employment  in  coloring  papers 
in  which  soaps  are  to  be  wrapped,  may  be  cited  by  way  of 
example- 

'  rrcwnlcJ  hclorc  (lie  Division  o(  Dye  Chemistry  nt  the  63rd  Meeting 
o(  the  American  C1icmic.il  Society.  Birmingham,  Ala.,  April  3  to  7,  1922. 

•  Such  individiifU  properties  of  the  direct  dyes,  as  well  us  those  of  colors 
o(  other  classes,  as  are  o(  cs.cntiaJ  interest  to  the  paper  manufacturer  have 
been  compiled  in  a  chart  to  l.c  included  in  a  chapter  on  "The  Coloring  of 
Paper"  in  ■  vocational-educational  textbook  which  will  receive  e.nily  pub- 
lication by  the  American  Pulp  and  Paper  Association. 


The  direct  dyes  find  only  limited  application  in  the  pro- 
duction of  very  light  shades  in  consequence  of  the  difficulty 
encountered  in  effecting  uniformity  of  coloring.  Their  em- 
plojnnent  in  the  minor  varieties  of  color  application  on  paper 
is  also  somewhat  limited,  although  Pontamine  Black  EX  is 
utilized  extensively  in  dipping  tissues,  and  various  direct 
dj'es,  of  which  the  yellows  are  the  more  important,  are  used 
in  coating  and  coloring  on  the  calender  as  well  as  in  dipping. 
In  the  coloring  of  blotting  papers  and  of  other  unsized,  or 
Hglitly  sized,  products  and  that  of  "mottling  fiber"  intended 
for  use  in  "granite"  or  mottled  papers,  they  are  used  ex- 
clusively except  for  a  minor  employment  of  basic  colors. 

The  principal  consumption  of  the  direct  colors,  however, 
is  in  the  beater  coloring  of  sized  papers  in  all  except  the  light- 
est shades.  In  this  extensive  and  important  field,  their  em- 
ployment has  become  general  in  American  practice,  and  may 
be  expected  to  increase  further  at  the  expense  of  other  classes 
of  colors  as  their  merits  receive  more  comjilete  recognition,  as 
improvements  in  dyeing  practice  are  effected,  and  as  the 
demand  for  color  permanence  in  paper  becomes  more  insis- 
tent, more  particularly  in  view  of  the  progress  which  is  being 
made  in  the  development  of  direct  dyes  of  superior  qualities. 

The  usual  practices  which  obtain  in  the  beater  coloring  of 
sized  papers  with  the  direct  colors  are  not  such  as  will  develop 
their  maximum  tinctorial  power  or  brilliance  or,  in  numerous 
instances,  their  maximum  fastness  to  light.  It  does  not 
appear  that  the  fundamental  importance  of  the  role  which 
metallic  lake  comjiounds  of  the  dyes  play  in  the  mechanism 
of  the  color  retention  has  been  recognized.  It  is  upon  the 
regulation  of  such  lake  formation  that  effective  coloring 
depends. 

With  all  metallic  elements  except  the  alkalies  the  direct 
dyes  form  lakes  which  are  insoluble  even  at  beater  dilutions 
and  which  manifest  a  remarkable  affinity  for  cellulose.  In 
the  beater  dyeing  of  sized  papers,  the  formation  of  such  lakes 
is  unavoidable  since  it  is  impossible  to  effect  complete  ab- 
sorption of  the  dye  by  the  stock.  Both  dye  and  lake  con- 
tribute to  the  total  coloring  effect  obtained.  The  essential 
mechanism  of  the  dyeing  is  that  of  a  limited  absorption  of  tin- 
dye  itself  (the  soluble  sodium  salt  of  the  color  acid),  followed 
by  the  precipitation  upon  the  stock  of  such  portions  of  the 
dye  as  remain  in  the  lic[uor,  in  the  form  of  the  aluminium 
lake  (the  insoluble  aluminium  salt  of  the  color  acid),  upon  the 
addition  of  the  alum  required  in  the  sizing.  The  total  per- 
centage retention  of  the  color  is  very  high,  except  when  very 
hea\y  shades  are  run,  but  that  factor  alone  is  not  decisive  in 
evidencing  the  efficiency  of  the  practice.  The  true  effective- 
ness of  the  dyeing  is  dependent  upon  the  degree  in  which  the 
color  is  retained  in  the  more  advantageous  form,  which  is, 
invariably,  that  of  the  dye. 

^\'hen  dyed  in  the  form  of  dye  the  color  is  superior  in  both 
tinctorial  strength  and  in  brightness  of  shade,  in  degrees  which 
are  variable  with  different  dyes  but  which  are  usually  of  a 
material  order.  With  certain  exceptions,  into  which  other 
considerations  enter,  which  \«11  be  noted  subsequently,  it  is 
essential  in  obtaining  optimum  results,  therefore,  that  the 
retention  of  the  color  should  be  in  the  form  of  dye,  so  far  as 
may  be  possible,  with  a  minimum  degree  of  lake  formation; 
and  the  effectiveness  of  any  dyeing  jiractice  must  be  rated  on 
the  basis  of  the  degree  in  which  that  condition  is  obtained. 
In  ordinary  trade  practice,  wherein  no  provision  is  made  to 
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increase  the  al (sorption  of  the  dye,  less  than  one-third  of  the 
color  present  in  dyeing  0-lb.  slmdos  is  generally  absorbed  as 
such  and  escapes  |)recipitation  in  lake  form. 

Quantitative  data  on  the  absorption  of  two  representative 
direct  dyes  in  6-11).  shades  with  bleaclied  sulfite  and  ground 
wood  furnishes  are  given  in  Table  I.  The  stock  received  a 
beating  corresponding  in  duration  to  average  beater  practice 
before  the  introduction  of  the  color. 


'ablk  ; 

[ — Pkrckntaos 

Color 

R8TBNTION    IN    6-Lb. 

Dybings 

TiMB 

Salt 

Bleached 

Ground 

Mill. 

Temperature 

Lbs. 
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Wood 
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Black 
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15 

Room 

0 

30.4 

25.5 

30 

Koon» 

0 

29.6 

24.2 

60 

Room 

0 

31.5 

27.0 

l.S 

110°  !••. 

0 

44.6 

50.5 

1.5 

Room 

40 

58.8 

61.3 

15 

Room 

80 

67.3 

65.7 

30 

Room 

40 

56.5 

61.5 

30 

Room 

80 

67.2 

68.3 

15 

140°  I". 

40 

64.2 

68.6 

PoNTAM 

I.NK 

Sk' 

t  Bldb  5BX 

15 

Room 

40 

63.5 

.iO.S 

15 

140°  F. 

40 

50.8 

38.1 

30 

Room 

0 

25.4 

28  6 

30 

140°  F. 

0 

19.0 

30 

Room 

40 

68.3 

60.3 

30 

Room 

80 

70.0 

60.8 

The  majority  of  dye  concerns  advocate  the  practice  of 
dyeing  their  direct  dyes  with  40  lbs.  of  salt  and  at  a  tempera- 
ture of  140°  F.;  a  recommendation  which  is  usually  ignored  by 
the  paper  trade  unless  very  llea^y  shades  are  to  be  run.  The 
general  specification  of  the  elevated  temperature  is  ill  ad- 
vised, both  bj^  reason  of  the  deleterious  effect  which  its  em- 
ploJ^nent  has  upon  the  sizing  of  the  paper  and  from  considera- 
tion of  coloring  alone.  ^Vith  such  dyes  as  are  improved  in 
retention  thereby,  the  gain  is  not  materially  more  considerable 
than  that  which  may  be  effected  with  the  employment  of  salt 
alone,  whereas  the  absorption  of  other  dyes  is  inhibited  by 
heat  in  a  decided  degree. 

The  emplojTiient  of  salt,  on  the  other  hand,  is  not  attended 
by  unfavorable  effects  in  general  and  is  decidedly  effective  in 
promoting  color  absorption.  The  advantage  to  be  derived 
thereby  varies  with  individual  dj'es  in  proportion  to  the  de- 
gree of  superiority  of  the  dye  over  its  lake  in  respect  to  bright- 
ness and  strength.  With  such  colors  as  Pontamine  Sky  Blue 
oBX,  the  lake  of  W'hich  is  inferior  to  the  dye  in  only  a  moder- 
ate degree,  a  6-lb.  dyeing  made  with  40  lbs.  of  salt  is  equivalent 
in  strength  to  a  7-lb.  dyeing  without  salt,  and  is  decidedlj^ 
brighter.  With  Pontamine  Fast  Pink  BL,  which  is  typical 
of  dyes  which  are  more  seriously  affected  by  conversion  into 
their  aluminium  lakes,  a  6-lb.  dyeing  with  40  lbs.  of  salt  is 
fully  equivalent  in  strength  to  a  9-lb.  dyeing  in  general  prac- 
tice, and  is  brighter  to  an  extreme  degi'ee. 

The  improvement  in  strength  and  brilliance  cited,  together 
^\'ith  an  attendant  minor  advantage  of  a  more  complete  re- 
tention of  color  in  hea\'y  shades,  is  entirelj'  consequent  upon 
the  limitation  of  lake  formation  which  the  emplojinent  of 
salt  effects.  A  further  improvement,  which  is  material  in 
degree  with  the  majority  of  direct  colors,  may  be  effected  by 
modification  of  the  character  of  lake  formation.  The  alumin- 
ium lakes  of  the  dyes  have  particularlj'  unfavorable  character- 
istics. With  the  great  majority  of  colors  the  calcium,  barium 
or  magnesium  lakes  are  decidedly  brighter  and  more  attrac- 
tive in  shade,  while  even  the  iron  lakes  are  often  appreciably 
superior  to  those  formed  -nith  alum.  It  is  due  to  these  facts 
that  the  presence  of  mineral  impurities  in  the  beater,  such  as 
may  occur  in  the  water  or  find  introduction  in  the  stock,  is 
beneficial  rather  than  otherwise  in  its  influence  on  the  shades 
obtained  in  dyeing  sized  papers  with  direct  dyes  in  the  usual 
practice.  It  should  be  noted,  incidentally,  that  the  prelimi- 
nary addition  of  alum  to  the  beater  in  order  to  effect  the  re- 
moval of  such  mineral  impurities  is,  therefore,  decidedly 
injudicious  in  so  far  as  regards  its  influence  on  the  shades 
obtainable  with  the  direct  colors. 


The  best  results  in  dyeing  the  direct  dye.s  in  sized  papers, 
therefore,  are  obtained  only  when  provision  is  made  which 
insures  a  maximum  color  retention  in  the  form  of  dye  and  a 
precipitation  of  ic-idual  color  in  the  form  of  such  metallic 
lakes  as  are  most  suitable  in  the  ca.se  of  the  individual  dyes. 
As  &  general  practice,  it  may  be  recommended  that  the  cal- 
cium lakes  be  utilized,  and  that  precipitation  be  effected  by 
means  of  the  addition  of  suitable  amounts  of  calcium  chloride. 
A  subsequent  addition  of  alum  is  c.ssential  in  obtaining  the 
best  results  introspect  to  sizing,  but  the  amount  of  aimn  em- 
ployed, whicl*  will  be  less  than  is  normally  necessitated, 
should  be  restricted  so  far  as  is  possible.  By  compliance 
with  the  principles  of  color  application  outlined  above,  results 
are  obtained  which  are,  in  general,  greatly  superior  to  those 
obtained  in  usual  practice. 

A  limited  number  of  direct  dyes  which  find  application  on 
paper  exliibit  a  decided  susceptibility  to  such  conditions  of 
acidity  as  obtain  in  the  paper  beater  in  usual  practice;  with 
such  it  is  customary  to  advocate  the  employment  of  limited 
amounts  of  soda  ash.  An  excess  of  soda  ash  over  the  amount 
required  to  neutralize  tlie  acidity  of  the  alum  is  attended  by 
serious  mterference  with  the  satisfactory  sizing  of  the  paper, 
and  by  color  losses  consequent  upon  the  instability  of  the 
color  lake  to  alkalies,  but  the  use  of  restricted  quantities  has 
no  more  serious  consequences  than  a  possible  increa.se  in 
frothing.  With  colors  of  this  type  the  improvement  effected 
by  the  employment  of  salt  and  calcium  chloride  is  of  about 
the  same  order  as  that  obtained  by  a  resort  to  the  use  of  soda 
ash.  It  is  probably  imiJossible  to  employ  such  dyes  in  the 
beater  coloring  of  sized  papers  in  such  manner  as  to  develop 
their  maximum  excellence  of  shade  without  entailing  some 
mea.sure  of  disadvantage  in  certain  other  respects.  It  is 
fortunate  that  their  emplojTiient  is  becoming  le.5s  necessary 
by  reason  of  the  increasing  availability  of  dyes  of  similar  shade 
and  superior  qualities. 

Ground  Wood  Furnishes 

The  general  practice  advocated  for  the  direct  colors  is 
not  recommended  in  the  coloring  of  ground  wood  furnishes, 
wherein  certain  particular  considerations  enter.  The  phe- 
nomenon of  color  absorption  in  the  form  of  dye  is  not  one  in 
which  mere  surface  deposition  of  color  is  the  entire,  or  even 
the  predominant,  component,  but  involves  a  decided  degree 
of  penetration  of  color  within  the  fiber  substance,  whereas  the 
dj'e  lakes  are  deposited  upon  the  fiber  surface.  In  the  partic- 
ular instance  of  ground  wood,  it  is  found  that  the  opacitj' 
of  the  stock  operates  to  mask  and  obscure  such  portions  of 
the  dye  as  have  become  deposited  within  the  fiber.  With 
j'ellow  dyes  the  effect  observed  is  not  pronounced,  but  the 
impairment  in  tinctorial  strength  and  brightness  of  direct 
dyes,  in  general,  is  very  material.  In  dyeing  Pontamine  Sky 
Blue  5BX,  for  example,  in  6-lb.  shades  upon  bleached  sulfite 
and  ground  wood  furnishes,  it  is  found  that  the  depth  of  shade 
developed  on  the  bleached  sulfite  stock  is  several  times  greater 
than  upon  the  ground  wood,  although  there  is  no  material 
difference  in  the  amount  of  dye  actually  absorbed.  It  is 
possible  to  obtain  shades  of  better  brightness  and  of  consider- 
ably greater  depth  in  the  case  of  ground  wood  by  dyeing  in 
the  form  of  lake. 

In  the  coloring  of  ground  wood  furnishes,  therefore,  it  is 
advantageous,  in  general,  to  obtain  color  retention  in  the  form 
of  some  suitable  lake  with  the  entire  avoidance  of  absorption 
of  the  dye  itseff,  as  may  easily  be  effected  by  the  addition  of 
a  suitable  amount  of  calcium  chloride,  or  other  metalUc  salt, 
prior  to  the  introduction  of  the  dye.  The  dyeings  obtained 
thereby  are  brighter  and  stronger,  in  a  degree  which  varies 
with  the  color  and  absorption  characteristics  of  indi%idual 
dyes  and,  in  some  measure,  upon  the  amoimt  of  color  em- 
ployed, but  which  is  generally  considerable. 


960 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  10 


Mixed  Furnishes 

In  the  dyeing  of  mixed  furnishes  containing  ground  wood, 
wherein  difficulty  is  encountered  in  effecting  uniformity  of 
coloring  in  conssequence  of  the  decided  difference  in  depth  of 
shade  obtained  with  ground  wood  and  with  the  other  ingre- 
dient materials  under  identical  dyeing  conditions,  the  general 
manipulation  of  the  customary  practice  should  be  followed. 
The  ground  wood  should  be  introduced  into  the  beater  and 
receive  a  preliminary  and  partial  coloring  before  the  other 
stock  and  the  remainder  of  the  color  are  introduced,  or  the 
greatly  preferable  course  of  a  dyeing  in  separate  beaters  with 
a  subscfiuent  combining  of  the  stocks  followed  when  the  nec- 
essarj'  equipment  is  available.  In  cither  case,  however,  the 
general  provisions  wliich  have  been  outlined  as  essential  to 
the  effecti\'e  coloring  of  the  separate  stocks  should  be  followed. 
It  will  not  be  f<jund  possible  to  obtain  complete  effectiveness 
in  coloring  if  it  is  ncccssarj'  to  carry  out  the  dyeing  in  a  single 
beater.  The  l)e.st  results  possible  in  that  case  are  obtained 
by  adding  the  ground  wood,  a  suitable  amount  of  mineral 
salt,  a  portion  of  the  color,  the  remaining  stock,  the  remainder 
of  the  color,  salt,  and  a  second  suitable  amount  of  mineral 
salt,  size,  and  alum  in  the  order  given.  The  operation  is  not 
essentially  more  complicated  than  the  usual  practice  in  such 
ca-ses  and  will  give  decidedly  better  dyeings  in  respect  to 
strength  and  brightness.  The  degree  of  uniformity  of  color- 
ing effected  will  be  dependent,  as  it  is  in  the  more  usual  prac- 
tice, upon  the  correct  determination  of  the  proportion  of  the 
color  which  is  to  be  added  at  the  beginning  of  the  dyeing. 

These  methods  which  have  been  advocated  for  the  applica- 
tion of  the  direct  dyes  are  found  to  have  an  influence  which  is 
very  slightly  favorable,  rather  than  otherwise,  upon  the 
stability  of  the  dyed  product  to  photochemical  action.  On 
the  other  hand,  the  employment  of  basic  colors  in  conjunction 
with  direct  colors  affords,  at  best,  products  of  only  moderate 
stability  to  light,  and  may  result,  under  unfavorable  circum- 
stances, in  products  of  but  slight  fastness,  in  color  lo.sses,  and 
in  variations  in  shade.  The  lake  compounds  of  direct  and 
ba-sic  dyes  are  not  of  superior  characteristics  when  formed 
under  the  most  favorable  conditions,  while  compounds  are 
formed,  in  other  circumstances,  which  are  undesirable  in 
shade  and  inferior  in  brilliance,  are  soluble  under  beater 
conditions,  and  possess  an  affinity  for  cellulose  wliich  is  of 
a  low  order.  The  brightness  of  the  direct  dyes  is  amply 
sufficient  in  the  pjeat  majority  of  fields  of  application 
provided  the  methods  by  which  they  are  applied  are  such  as 
are  suitable. 

CoppEii  Tre.\t.\ient 

.\lthough  it  is  well  knowTi  that  the  Sky  Blues  may  be  im- 
proved in  fnstnass  to  light  by  a  treatment  with  coijper  sul- 
fate, it  does  not  appear  to  be  recognized  widely  that  the  treat- 
ment is  of  any  decided  practical  value  and  may  be  extended 
to  any  considerable  variety  of  dyes.  The  relative  fastness  of 
the  copper  lakes  and  the  degree  in  which  the  fastness  of  the 
dye  is  (effected  by  conversion  into  the  lake,  vary  considerably 
with  different  dyes. 

The  influence  of  conversion  into  the  lake  upon  the  .shade  is 
(•(lually  vnrial>le.  In  general,  the  copper  lakes  are  even  duller 
than  the  aluminium  lakes,  but  in  numerous  instances  they 
are  infKJorately  bright  and  attractive  in  shade,  while  with 
certain  direct  yellows  they  are  superior  in  desirability  of  shade 
to  other  metallic  lakes  of  the  dyes  in  question  and  but  little 
duller  timn  the  latter.  By  the  judicious  employment  of 
copix-r  treatments  in  dyeing  various  individual  dyes  and  dye 
combinations  it  i.<  pus-ible  to  obtain  a  great  variety  of  shades 
of  satisfactory  brightness  and  excellent  permanence. 

The  following  dyes  are  improved  in  fastness  in  a  material 
degree  by  conversion  Into  the  copper  lakes: 


Pontamine  Sky  Blue  5BX 
Pontamine  Sky  Blue  6BX 
Pontamine  Blue  AX 
Pontamine  Copper  Blue  2RX 
Pontamine  Brown  CG 
Pontamine  Scarlet  4BS 
Pontamine  Scarlet  8BS 

With  the  exception  of  Pontamine  Sky  Blue  5BX,  of  which 
the  lake  is  deficient  in  brightness,  these  dyes  give  lakes  of 
satisfactory  brightness  and  tinctorial  power  as  well  as  of 
excellent  fastness.  The  lake  shade  of  Pontamine  Blue  AX 
is  a  neutral  blue;  that  of  Pontamine  Sky  Blue  6BX  a  very 
greenish  blue,  and  that  of  Pontamine  Copper  Blue  2RX  a 
very  reddish  blue,  whereby  a  very  extensive  range  of  blue 
shades  is  possible. 

A  second  list  of  dyes  which  are  improved  in  fastness  by 
copper  sulfate  in  a  degree  which  is  moderate,  although  not 
sufficient  to  warrant  the  treatment  in  their  cases,  but  which 
may  be  employed  to  advantage  in  shading  the  dyes  of  the 
first  list,  would  include: 

Pontamine  Diazo  Black  BH  Cone. 
Pontamine  Blue  BBF 
Pontamine  Brown  D3G 
Pontamine  Fast  Orange  S 

A  third  list  of  dyes  which  are  not  improved  in  fastness  by 
a  copper  treatment  but  which  retain  their  original  excellent 
fastness  and  are  only  very  slightly  impaired  in  brightness 
thereby,  and  are,  accordingly,  also  suitable  for  shading  the 
dyes  of  the  first  list,  would  include: 

Pontamine  Brown  R 

Pontamine  Yellow  CH 

Du  Pont  Brilliant  Paper  Yellow  Cone. 

Pontamine  Light  Yellow  5GX 

In  the  case  of  the  last  dye,  the  loss  in  brightness  upon  con- 
version into  the  lake  is  slightly  greater  than  with  the  other 
dyes  of  the  list  but  the  fastness  is  excellent  and  the  greenish 
cast  of  the  shade  thus  obtained  renders  the  dye  particularly 
well  adapted  for  employment  with  Pontamine  Sky  Blue  6RX 
in  the  production  of  fast  greens. 

Certain  other  direct  dyes  of  excellent  fastness,  among  wiiich 
may  be  mentioned  Pontamine  Violet  N,  Pontamine  Fast 
Pink  BL,  and  Pontamine  Fast  Red  F,  give  copper  lakes  which 
are  of  such  inferior  shades  as  to  preclude  the  possibilitj-  of 
the  employment  of  the  dyes  in  conjunction  with  any  copper 
treatment. 

In  the  application  of  the  copper  treatment  it  is  advisable 
to  add  the  color  to  the  beater  first  and  to  postpone  the  addi- 
tion of  the  copper  sulfate  until  after  the  color  has  been  al- 
lowed to  run  for  a  short  period,  rather  than  to  precede  the 
addition  of  the  color  by  that  of  the  copper  salt.  The  dyeings 
resulting  from  the  former  practice  are  somewhat  stronger 
and  brighter,  as  would  be  expected,  and  thej'  are  also  distinctly 
faster  to  light.  This  may  probably  be  explained  upon  the 
hypothesis  tliat  the  lakes,  although  unquestionably  materially 
faster  than  the  corresponding  dyes,  are  dei)osited  entirely 
upon  the  fiber  surface,  in  wiiich  position  they  are  fully  ex- 
posotl  to  photocheinical  attack,  wiiereas  such  portions  of  the 
color  as  have  penetrated  within  the  fiber  substance  are 
afforded  some  measure  of  protection  from  the  influence  of 
light  tlirough  the  absorption  of  active  rays  by  the  super- 
natant material  and  surface  dejiosit  of  lake.  With  the 
possible  exception  of  ground  wood,  it  is  advantageous  to 
permit  a  measurable  degree  of  absorption  of  dye  before 
effecting  the  precipitation  of  the  lake. 

By  the  emi)loyinent  of  the  copper  treatment  with  the  dyes 
specified,  it  is  possible  to  obtain  a  considerable  range  of  at- 
tractive shades  of  excellent  fastness  wiiich  may  hardly  be 
duplicated  liy  other  means. 
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The  Analysis  of  Beta-Naphthylamine' 

By  Henry  R.  Lee  and  D.  O.  Jones 
RitsBARCH  Lahokatokv,  Tiiii  Nkwi'okt  Co.,  Mii^waukku.  Wisconsin 


This  paper  describes  the  analysis  of  3-naphlhylamine,  and  in- 
cludes methods  by  which  pure  li-naphlhylamine  and  ils  comrtton 
impurities,  namely,  0-naphthol.  ti,,i-dinaphthylamine,  and  a- 
naphthylamine,  were  prepared,  and  some  of  their  physical  properties 
determined. 

Methods  for  the  determination  of  0-naphlhylamine  in  the  presence 
of  these  impurities  are  presented,  together  with  tables  showing  ihe 
results  obtained  on  a  large  number  of  technical  and  specially  pre- 
pared laboratory  samples.  Special  modifications  of  the  Kjeldahl- 
Gunning  Method  have  been  developed  which  give  theoretical  results 
when  applied  to  fi-naphthylamine. 

Specifications  for  technical  li-naphthylamine  are  suggested. 
Melting-point  curves  are  presented  for  the  systems  ,3-naphthylamine- 
p-naphthol;  fi-naphthylamine-0,Si-dinaphlhylamine;  and  8-naph- 
thylamine-a-naphlhylamine. 

THE  INCREASED  use  of  ^-naphthylauiine  in  the 
manufacture  of  J-acid  (2-ainino-5-naphthol  7-sulfonic 
acid)  and  7-acid  (2-amino-8-naphthol-6-sulfomc  acid) 
has  emphasized  the  necessity  for  an  accurate  analytical 
method  for  its  quantitative  estimation  in  the  presence  of  the 
more  common  impurities,  namely,  /3-naphthol,  (3,(3-dinaph- 
thylamine  and  a-naphthylamine. 

Preliminabt  Treatment 

Purification  op  /3-Naphthylamine — Technical  ;3-naphthyl- 
amine  analyzing  98  per  cent  was  dissolved  in  water  as  the  hydro- 
chloride, and  the  sulfate  of  the  amine  precipitated  by  the  addi- 
tion of  sodium  sulfate.  The  sulfate  was  filtered,  placed  in  a 
separatory  funnel,  NaOH  solution  added,  and  the  base  ex- 
tracted, as  formed,  with  benzene.  The  base  was  precipitated 
from  benzene  as  the  hydrochloride  with  dry  HCl  gas,  filtered, 
and  the  base  prepared  as  before.  The  benzene  solution  was 
filtered,  most  of  the  solvent  remuved  by  direct  distillation  and 
the  final  traces  by  steam  distillation.  Distillation  with  steam 
was  continued  until  approximately  50  per  cent  of  the  naphthyl- 
amine  charged  had  been  recovered.  This  was  filtered,  dried 
to  constant  weight  over  calcium  chloride  in  \acuum,  and  ground 
to  80  mesh.    The  product  was  pure  white  in  color,  and  odorless. 

Melting  points    (corrected)  110. 1°  to  110.2°  C. 

Crystallizing  point  (corrected)  109.66°  C. 

Per  cent  nitrogen     Theory:    9.787;    Found:    9.78,9.75 
(See  Laboratory  Sample  4,  Table  I.) 

A  second  sample  of  ^-naphthylamine  was  purified  by  repeated 
recrystallization  from  benzene.  The  same  melting  and  crys- 
tallizing points  were  obtained  as  on  the  first  sample.  Lieber- 
mann  and  Jacobson^  give  111°  to  112°  C.  or  112°  to  IR"  C.  as 
the  correct  melting  point  of  (3-naphthylamine.  This  point, 
frequently  quoted  in  reference  works,  is  imdoubtedly  too  high. 

Preparation  of  /3,/3-Dinaphth\xamine — The  method  of 
Merz  and  \\'eith*  using  zinc  chloride  ammonia  as  a  condensing 
agent  was  employed.  The  crude  dinaphthylamine  was  ex- 
tracted with  hot  benzene  and  crystallized  out  on  cooling.  After 
six  recrystallizations  from  benzene  the  product  caine  out  as 
silvery  leaflets  having  a  slight  yellow  color  and  a  decided  fluor- 
escence in  benzene  solution. 


Per  cent  nitrogen 


Theory 
5.20 


Found 
5.18 


'  Presented  before  the  Division  of  Dye  Chemistry  at  the  63rd  Meeting 
of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7,  1922. 

»  All  melting  points  and  crystallizing  points  recorded  in  this  paper  were 
taken  with  thermometers  graduated  in  tenths  of  a  degree  and  standardized 
by  the  U.  S.  Bureau  of  Standards, 

'Ann.,  211  (1882),  41. 

*Ber.,  14  (1881),  2343 


Liebermann  and  Jacobson'  give  170°  C.  and  Palm'  records 
170. r)°  C  as  the  correct  melting  point  of  5,/3-dinaphthylamine. 
The  melting  point  of  the  product  from  the  5th  and  0th  crys- 
tallizations was  172.2°  C.  (cor.). 

PrRiFiCATiON  or  a-NAi'iiTiiYLAMiNE — Kefincd  a-naphthyl- 
amine having  a  melting  point  of  40.5°  C.  and  crystallizing 
point  45.05°  C.  (Dewar  bulb)  was  recrystallized  nine  times 
from  benzene.  The  crystals  from  the  7th,  8lh,  and  9lh  crystalli- 
zations, as  well  as  the  crystals  obtained  by  evaporation  of  the 
mother  liquors  from  the  8th  and  9th  crystallizations,  all  showed 
a  melting  point  of  49.2°  to  49..3°  C.  (cor.).  The  crystallizing 
point  of  this  product,  taken  in  a  Dewar  bulb,  was  48.5°  C.  (cor.). 


Thborv 

Found 

9.787 

9.76 

9.77 

The  melting  point  recorded  by  Zinin,'  of  50°  C,  appears  to 
be  somewhat  too  high. 

Purification  of  |3-Naphthoi, — The  ^-naphthol  used  for  the 
melting-point  curve  was  a  technical  product  which  was  twice 
recrystallized  from  water,  had  a  melting  point  of  121.2°  to 
121.3°  C.  (cor),  and  crystallized  at  120.8°  C.  (cor.).  Three 
samples  of  resublimed  /3-nai)hthol  from  different  sources  had  the 
same  melting  and  crystallizing  points  as  mentioned  above. 
Liebermann  and  Palm'  prepared  f}-naphthol  from  /3-naphthyl- 
amine  through  the  diazo  reaction  and  obtained  a  melting  point 
of  122°  C.  A  repetition  of  their  work  gave  a  product  with  a 
corrected  melting  point  of  120.65°  C. 

Direct  Nitrite  Titration  Method 

The  results  given  in  Table  I,  Method  1,  were  obtained 
using  the  same  procedure  as  in  Method  4,  except  that  no 
separation  of  ^-naphthol  was  made.  A  comparison  of  these 
results  with  those  of  Methods  2,  3,  and  4  shows  high  analyses 
in  proportion  to  the  amount  of  ^-naphthol  present  as  an 
impurity.  It  is  evident  that  this  shoiild  be  the  case  since, 
under  the  conditions  of  the  analysis,  nitroso-/3-naphthol  will 
also  be  formed.  The  direct  titration  of  ^-naphthylamine 
with  0.1  N  sodium  nitrite  at  20°  C.  gives  results  higher  than 
theory,  even  in  the  absence  of  )3-naphthol,  due  apparently  to 
the  oxidation  of  diazo  /3-naphthylaniine.  Titration  of 
technical  samples  with  0.5  N  nitrite  at  0°  to  5°  C.  also  yields 
results  above  theory,  but  which  approach  the  true  value 
more  closely  since  oxidation  is  considerably  checked  at  this 
temperature.  In  spite  of  these  errors,  many  commercial 
laboratories  and  even  manufacturers  of  ^-naphthylamine 
still  use  this  method  with  some  slight  modifications.  The 
results  obtained  by  this  method  are  presented  for  compara- 
tive purposes  in  Table  I,  Method  1. 

The  attempt  to  devise  a  more  accurate  method  of  analysis 
resulted  in  the  development  of  three  methods,  all  applicable 
to  technical  materials,  and  each  ha\ing  certain  advantages. 
The  sulfonation  method  has  the  advantage  of  rapidity  and 
simphcity,  and  is  recommended  where  only  the  amine  content 
is  desired. 

Determination  of  /3-Naphthtlaminb 

Sulfonation  Method — Weigh  0.65  g.  of  the  sample  into 
a  50-cc.  beaker,  and  add  20  cc.  of  25  per  cent  oleum  which 
has  been  pre^dously  cooled  to  0°  to  5°  C.  Stir  with  a  glass  rod 
and  set  the  beaker  in  an  ice  bath.  Stir  occasionally  and  if 
necessary  allow  the  sulfonation  to  come  to  room  t^mpera- 

•  Ba.,  16   (1882),  614. 

•  J.  prakt.  Chem.,  87  (1883),  140. 
'  Ann.,  183  (1876),  268. 
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ture  to  effect  solution.  Pour  and  wash  the  sulfonation  into 
a  600-cc.  beaker  half  filled  with  clean  ice.  Place  the  beaker 
on  a  tripotl  and  bring  to  the  boiling  point.  Boil  gently  for 
15  min.  to  remove  sulfur  dioxide,  and  cool  to  20°  C.  Bring 
the  volume  to  200  cc,  add  15  cc.  of  concentrated  hydro- 
chloric acid,  and  titrate  with  0.1  .V  sodium  nitrite,  using 
starch  ifjdide  as  indicator.  The  titration  proceeds  rapidly 
to  within  a  few  tenths  cc.  of  the  end-point. 

The  end-point  in  the  titration  is  reached  if  a  distinct  blue 
color  develops  5  min.  after  the  last  addition  of  nitrite,  when 
the  solution  is  spotted  against  starch  iodide  solution  on  a 
spot  plate. 

1  cc.  of  0.1  A'  nitrite    -    2.202  per  cent  0-naphtbylamine 

0.5  A'  sodium  nitrite  and  a  3.5-g.  sample  can  also  be  used, 
but  in  this  ca.se  the  temperature  should  be  lowered  to  0°  to 
5°  C.  to  avoid  o.\idation  by  the  higher  concentration  of 
nitrous  acid. 

Sulfonation  at  low  temperature  results  in  the  sulfonation 
of  ^naphthol  to  /S-naphthol-l-sulfonic  acid,  which  does  not 
absorb  nitrite.  The  following  results  obtained  with  mixtures 
of  ^-naphthylamine  and  i3-naphthol  offer  proof  of  this  point: 


MiXTURB 

Pkr  cent  0-NAPRTnvLAUiNe  Found 

Theori 

I 

82.47 

82. 4B 

II 

81.47 

81.75 

Results  of  the  analysis  of  seven  technical  and  four  lab- 
oratory samples  by  this  method  are  presented  in  Tabic  I, 
Method  2. 

A\Tien  the  /3-naphthylamine  content  and  an  accurate 
determination  of  the  /3-naphthol  present  are  desired,  the 
Im'iizi'Iio  separation  method  should  be  used. 

Benzene  Separation  Method 

Deter.\iinatio.n  of  /3-NAPnTHYL.AMiNE — Weigh  3.5  g. 
of  the  sample  onto  a  watch  glass,  brush  into  a  500-cc.  Erlen- 
meyer  flask,  add  300  cc.  of  dry  benzene  and  dissolve.  Insert 
a  2-hole  nibbcr  stopper,  with  calcium  chloride  drj'ing  tube, 
in  one  hole  and  in  the  other  a  Vie-ii-  glass  tube  reaching 
to  the  bottom  of  the  flask.  Pass  in  HCl  gas  for  1  to  2  hrs., 
occasionallj'  shaking  the  flask  gently  to  insure  thorough  mix- 
ing and  complete  precipitation  of  the  amine.  Filter  with 
suction  through  a  10  cm.,  double-jacketed,  glass,  hot-water 
funnel,  using  2  filter  papers  and  a  platinum  cone.  W.ash 
with  100  ce.  of  drj'  benzene  saturated  with  IICl  gas,  and  dry 
at  60°  G.  in  vacuum.  The  precipitate  adheres  to  the  fla.sk 
and  necessitates  drjnng  the  flask  also,  to  obtain  a  complete 
recovery.  Dissolve  the  hydrochloride  in  boiling  water  in  a 
600-cc.  beaker,  not  allowing  the  volume  to  exceed  200  cc. 
Add  25  cc.  of  C.  P.  IICI,  cool  to  0°  C,  add  a  little  ice 
to  the  solution,  and  titrate  with  0.5  N  sodium  nitrite,  as 
described  under  the  sulfonation  method. 


of  O.-'V  N  sodiun 


!.0I3  per  cent  fl-naplithylaminc 


Determination  of  jS-Naphtiiol — Evaporate  the  benzene 
filtrate  to  drjTiess  on  a  steam  bath,  taking  care  to  jirevent 
the  sublimation  of  ^-na[)hth<)l  when  approaching  drjaiess. 
Dissolve  the  ^naphthol  with  10  cc.  of  20  per  cent  caustic 
soda  solution  and  dilute  to  200  cc,  heating,  if  neces.sary,  to 
secure  complete  solution.  Make  slightly  acid  with  HCl, 
add  on  excess  of  NaHCOi  and  couple  with  0.05  A^  diazo 
p-nifrobenzcne. 

1  cc.  of  0.0.5  iV  dinio  f-nilrotx-nzcne    -    0.205  per  cent  tf-naphthol 

Results  of  the  benzene  separation  are  presented  in  Table 
I,  Column  4. 

Owing  to  the  ease  with  which  /3-naphthylamine  sublimes, 
together  with  the  fact  that  certain  naphthylamine  mono- 
Bulfonic  acids  are  readily  hydrolysied  back  to  the  base,  special 


modifications  of  the  Kjeldahl  method  were  required  to  give 
quantitative  results.  Reference  is  made  to  the  work  of 
Green  and  VakiP  for  explanation  of  the  type  of  sulfonation 
herein  developed. 

Modified  Kjeldahl-Gunning  Method 

Detersonation  of  Total  Nitrogen — Wei.gh  1.5  g.  of 
the  sample  into  a  50-cc.  dry  lipped  beaker,  add  20  cc.  of  25 
per  cent  oleum  which  has  been  pre^iously  cooled  to  0°  to 
5°  C.  Stir  with  a  glass  rod,  cover  with  a  watch  glass,  and 
set  the  beaker  in  an  ice  bath.  Stir  occasionally,  and,  if 
necessary,  allow  the  sulfonation  to  gradually  approach  room 
temperature  to  completely  dissolve  the  larger  crystals. 
Rinse  dowTi  the  sides  of  the  beaker  with  5  cc.  of  the  oleum, 
cover  with  a  watch  glass,  and  let  stand  at  room  temperature 
(20°  to  .30°  C.)  for  15  hrs. 

Transfer  the  sulfonation  to  an  800-cc.,  dry,  Pyrex,  Kjeldalil 
flask,  through  a  long-stem,  2V2-in.  funnel.  Wash  the  beaker 
with  three  5-cc.  portions  of  hot  concentrated  H2S04,  rinsing 
the  funnel  while  transferring. 

Add  1  g.  of  mercury  and  place  a  plug  of  glass  wool  '/a  to 
V4  in.  thick  midway  in  the  nock  of  the  flask.  Wet  the  plug 
uniformly,  using  5  cc.  concentrated  H^SOj.  Place  the  flask 
upon  the  digestion  rack  and  ap])ly  the  flame.  Heat  below 
the  boiling  point  for  10  min.,  then  more  briskly  until,  after 
about  2  hrs.,  a  nearly  colorless  solution  is  obtained.  Wash 
dowTi  the  nock  of  flask  and  glass  wool  with  5  cc.  of  hot  con- 
centrated H;S04  and  continue  digestion  for  10  min.  Wliile 
holding  the  flask  in  an  inclined  position,  carefully  push  the 
glass  wool  into  the  flask  with  a  glass  rod.  Add  8  to  10  g. 
of  dry  sodium  sulfate  and  continue  boiling  for  1  to  2  hrs. 
after  the  solution  has  become  colorless.  Cool  and  dilute  with 
300  cc.  of  distilled  water,  rinsing  dowTi  the  neck  of  flask.  Add 
1  g.  of  pure  granulated  20-  to  .30-mosh  zinc,  40  cc.  of  sodium 
sulfide  solution  (containing  100  g.  of  crystalline  or  50  g.  of 
fused  sodium  sulfide  per  liter),  and  shake.  Add  160  cc. 
36°  B6.  caustic  soda  solution,  pouring  it  carefully  down  the 
side  of  the  flask,  connect  immediately  with  the  distillation 
apparatus  and  shake.  (Pyrex-Davisson  distilUng  bulbs 
were  used.) 

Distil  into  50  cc.  of  standard  0.25  N  HCl  diluted  wth 
50  cc.  water,  until  250  cc.  have  passed  over.  Titrate  the 
remaining  acid  with  standard  0.25  A'^  sodium  hydroxide, 
using  methyl  orange  or  Congo  red  as  indicator.  In  a 
similar  manner  make  a  blank  determination  on  the  reagents 
and  correct  for  the  amount  of  ammonia  obtained. 

1  cc.  of  0.25  N  HCl  solution    =    2.3S5  per  cent  jS-naphthylamine 

Determination  of  Acid-Insolurle  Matter 

Weigh  a  5-g.  sample,  dissolve  in  150  cc.  of  boiling  1.5  per 
cent  HCl,  filter  through  a  Gooch  crucible  which  has  been 
prepared  with  boiling  water,  wash  with  hot  water,  and 
drj'  at  100°  C.  to  constant  weight. 

/3-Naphthol,  if  present,  will  pass  into  the  filtrate  to  the 
extent  of  at  least  10  per  cent.  The  insolubles  include  for 
the  mo.st  part  /3,|S-dinaphthylamine,  being  soluble  under  the 
conditions  of  the  test  to  only  0.10  to  0.20  per  cent.  The 
/3,j3-diiiaphthylamine  can  be  isolated  from  the  insoluble 
residue  by  solvent  extraction,  and  cither  weighed  or  an.alyzed 
for  nitrogen.  The  per  cents  of  insolubles  are  given  in  Table 
I,  Column  5. 

Determination  op  Melting  Point 

The  melting  points  herein  recorded  for  the  pure  compounds 
studied  are  at  variance  with  those  recorded  in  the  literature. 
This  is  attributed,  not  so  much  to  the  greater  purity  of  the 
compounds  used  (although  great  care  was  used  in  this  work 

•  J.  Chem.  Soc,  118  (1918),  35;   C.  A..  U  (1918),  804. 
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No.      Mbthod  or  Analysis 

1  Titration     with     0.5     N 

NuNOi  at  0°  to  5"  C, 
per  cent 

2  Sulfonation  and  titration 

with  0.1   N  NaNOi  at 
20°  C,  per  cent 

3  Kjcldahl-Gunning   (niod- 

i6cdj  method,  per  cent 

Benzene   separation,    per 

cent  amine. 

Per  cent  naphthol 

5  Insoluble,  per  cent 

6  Melting  point  CO 


Tablb  I 

1 

2 

3 

4 

5 

0 

7 

1 

2                    3 

4 

97 .  15 

89.5 

97.38 

98.03 

98.87 

98.16 

09.26 

99.30 

90.82 

93.18 
95.25 

83.16 

95.41 

94.08 

08.95 
08.01 

98.06 

95.85 

98.73 

99.39 

98.95 

99.93 
99.86 

94.79 

83.00 

95.60 

93.96 

98.42 

98  15 
97.71 

96.27 

08.70 

99.01 

99  20 

09.80 
09.58 

95.37 
3.10 

83.16 
8.49 

95.!;9 
2.99 

94.27 
4.37 

08.79 
0.12 

97.88 
0.20 

98.79 
0.04 

99.08 
0.22 

99.19 
None 

00.82 
None 

0.23 

2.04 

0.23 

0.24 

0.21 

0.32 

0.12 

None 

None 

None 

09.5 

lOS.l 

109.4 

109.4 

110.0 

109.8 

109.3 

110.0 

110.0 

110.1 

110.1 
110.2 

to  obtain  pure  products),  as  to  the  fact  that  more  accurately 
standardized  and  more  finely  graduated  thermometers  were 
available.  Care  was  taken  in  making  the  observations  to 
obtain  a  uniform  temperature  rise  of  0.1°  C.  every  15  sec. 
during  the  last  degree  rise.  The  usual  correction  for  stem 
exposure,  which  apparently  was  never  used  in  the  earlier 
work,  was  applied  in  all  cases. 

Capillary  tubes  of  about  0.5-mm.  internal  diameter  were 
made  from  glass  tubing,  which  was  previously  cleaned 
with  chromic  acid  solution,  washed  wth  distilled  water,  and 
dried  with  hot  air. 

For  the  melting-point  determination,  a  portion  of  the 
finely  ground  sample  was  dried  over  sulfuric  acid  in  vacuo, 
placed  in  a  capillary  tube,  and  attached  to  the  thermometer 
which  was  immersed  in  a  colorless  oil  bath  in  the  usual 
manner. 

The  melting  points,  or  minimum  temperature  of  com- 
plete liquefaction,  appear  in  Table  I,  Column  6. 

Meltino-Point  Curves — The  pure  compounds  previously 
descril^ed  were  used  in  the  preparation  of  the  melting-point 
curves  (Fig.  1)  of  the  binary  systems  /3-naphthyIamiue- 
/3-naphthol,  ^-uaphthylamine-/3,(3-dinaphthylamine,  and 
/3-naphthylamine-a-naphthylamine. 
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The  mixtures  containing  the  desired  weights  of  material 
were  placed  in  a  Parr  sulfur  bomb,  which  was  tightly  closed, 
and  heated  in  an  air  oven  for  15  min.  at  a  temperature 
5°  to  10°  above  the  melting  point.  The  solid  mass  was 
removed  as  completely  as  possible,  finely  ground  in  an  agate 
mortar,  and  the  melting  point  determined. 


Reference  is  made  to  the  work  of  Kremann  and  Stroh- 
schneider'  presenting  the  complete  crystallizing-point  curve 
for  the  system  /3-naphthylainine-^-naphthol.  Their  crys- 
tallizing points  of  48.0°  C.  and  109.0°  C.  for  a-  and  /3-naph- 
thylaniine,  respectively,  are  in  fair  agreement  \vith  those 
determined  in  this  work.  Their  crystallizing  point  of  122°  C. 
for  ;3-naphthol  is,  however,  undoubtedly  too  high. 

Determination  of  Moisture 

Moisture  detenninations  were  not  made  on  the  entire 
series  of  samples  because  in  many  cases  these  were  exhausted. 
However,  even  those  which  were  not  dried  to  constant 
weight  in  their  preparation  for  analysis  contained  but  very 
little  moisture. 

The  moisture  determination  is  made  by  drjang  a  finely 
powdered  .'j-g.  sample  to  constant  weight  over  concentrated 
sulfuric  acid  in  vacuo. 

A  sample  of  dry  |8-naphthylamine  under  these  conditions 
remained  constant  in  weight  over  a  period  of  4  days. 

Discussion  of  Methods  and  Results 

In  practice,  the  /3-naphthylamine  content  is  estimated 
by  the  sulfonation  method  and  the  melting  point  determined. 
If  the  amine  content  is  96  per  cent  or  higher  and  the  melting 
point  is  109°  C.  or  higher,  the  absence  of  any  appreciable 
amount  of  impurities  is  assured. 

If  the  material  does  not  meet  these  specifications,  the 
impurities  are  investigated  further  by  determining  the 
;8-naphthol  content  by  the  benzene  separation  method  and 
the  ^,/3-dinaphthylamine  by  the  solubility  test. 

In  the  benzene  separation,  j3,/3-dinaphthylamine  passes 
into  the  filtrate,  even  to  the  extent  of  20  per  cent  of  the 
sample  specified. 

In  the  absence  of  appreciable  amounts  of  ^-naphthol  or 
dinaphthylamine,  the  melting  point  of  the  product  when 
compared  with  Fig.  1,  Curve  3,  offers  an  indication  of  the 
amount  of  a-naphthylamine  present. 

Specifications 

In  order  to  assist  in  the  standardization  of  technical 
/3-naphthylamine,  the  following  specifications  are  suggested: 

Melting  point Not  less  than    109.0°  C.  (cor.) 

p-Naphthylamine  .  Not   less   than     96 . 0  per  cent 

^-Naphthol Not  more  than       3.0  per  cent 

Insolubles Not  more  than       0.5per»cent 

Moisture Not  more  than       0 . 5  per  cent 

•  Monalsh.,  39  (1918),  503;    C.  A.,  IS  (1919),  2475. 


Civil  Service  Examinations 

The  United  States  Ci\Tl  Sen'ice  Commissioa  has  announced 
examinations  for  junior  engineer,  junior  physicist,  and  junior 
technologist,  on  November  22,  1922,  to  fiU  vacancies  in  the 
Bureau   of   Standards,   Washington,    D.    C,   or   elsewhere,    at 

S1200toS1.500ayear. 
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Substituted  Naphthalene-sulfonic  Acids'' 

I — A  Method  for  Identifying  H-Acid  and  Its  Intermediates  Obtained  from  Naphthalene-2,7- 

disulfonic  Acid 

By  D.  F.  J.  Lynch 
Color  iNvaaTicATioN  Ijaboratory,  Bureau  op  Chemistry,  Washington,  D.  C. 


A  melhoJ  is  here  proposed  for  delecting  I  .S-dinitro-S.S-naphtha- 
leriedisulfonic,  1 ,8-diamino-3.6-naphlhalenedisttlfonic,  1 .8-amino- 
r\aphthol-i,6-disul}onic  (H-acid),  and  1 ,8-dihydroxy-naphlhalene- 
3,6-disulfonic  (chromolropic)  acids,  which  occur  in  the  nitra- 
tion oj  naphthalene,  2.7-disulfonic  acid  and  the  subsequent 
reduction  and  hydrolysis  of  the  dinitro  acid. 

THE  POSSIBILITY  of  defecting  and  identifying  H-acid 
and  its  intermediates  by  means  of  their  insoluble 
organic  salts  wa.s  suggested  by  Ambler's'  work  on 
the  naphthalenesulfonic  acids.  In  the  work  here  reported 
a  large  number  of  organic  salts  were  prepared,  but  only  the 
more  insoluble  ones  were  further  studied.  The  method  of 
making  the  salts  was  the  same  in  each  case.  Molecular 
equivalent  quantities  of  an  inorganic  salt  of  the  acid  and  the 
hydrochloride  of  the  organic  base  were  dissolved  separately  in 
water  at  room  temperature,  the  two  solutions  mixed,  stirred 
thoroughly,  and  allowed  to  .stand  for  about  one-half  hour. 
The  crj'stalUzed  salts  were  filtered,  washed  with  cold  water, 
and  dried  in  the  air. 

All  the  salts  were  analyzed  for  water  of  crystallization  in 
the  following  manner:  From  2  to  3  g.  of  each  salt,  after  being 
dried  in  the  air,  were  allowed  to  stand  in  a  large  closed  com- 
partment until  a  constant  weight  was  reached;  then  the  salt 
was  dried  at  100°  C.  over  sulfuric  acid  in  a  vacuum  oven; 
the  weighing  bottle  containing  the  salt  was  closed,  put  in  a 
desiccator,  allowed  to  cool,  and  weighed. 

The  sulfur  in  these  salts  was  determined  by  ignition  with 
sodium  peroxide,  as  described  by  Ambler.* 
Analysis  of  Salts 

Bhnzidine  Salt  op  1,8-Dinitro-naphthalene-3,6-disulfonic 
Acid  (C,oH,(NO,),(SOiH),.NHjC<iH4.C,H4NH2)— This  salt  sepa- 
rates out  in  light  yellow  prisms.  At  20°  C,  0.036  part  of  this 
salt  dissolves  in  100  parts  of  water  to  give  a  colorless  solution. 
It  is  almost  equally  insoluble  in  hot  water.  It  contains  no  water 
of  crystallization  and  melts  with  decomposition  at  275°  C. 


Sulfur  fount], 
Calculated, 


11.58  ptr  cent,  11.25  per  cent 
1 1  ..39  per  cent 


CVMIDINB- 1  ,8-DIN1TR0-NAPHTHALENE-3,6-DISULF0NATE  (CioH«- 

(Nq,),(SO,H),.(NH,C.H,(CH,)CH(CH,),l,)— This  salt  separates 
out  in  straw-colored  prisms.  It  is  soluble  in  water  at  room  tem- 
perature to  the  extent  of  O.O.TO  part  in  100  parts  of  water.  It  is 
soluble  in  hot  water,  contains  no  water  of  crystallization,  and 
melts  with  decomposition  at  265°  C. 

Sulfur  fount],    0.53  per  cent,  0.04  per  cent 
Calculate!),        0.47  per  cent 

Benzidine  Salt  OF  Chromotropic  Acid  (CioH|(OH),(SO,H)j.- 
NHiC»Il4C«H4NH,) — This  salt  separates  out  in  brown  prisms. 
It  is  soluble  at  room  temperature  in  water  to  the  extent  of  0.085 
part  per  1(K)  parts  of  water.  It  is  nearly  as  insoluble  in  hot 
water,  contains  no  water  of  cr>-stallization,  and  melts  with  de- 
composition at  278°  C. 


*  ReceivcH  December  2,  1021. 

'  Contribution  No.  .17  from  the  Color  Laboratory,  U.  S.  Bureau  of 
ChcmUtry,  Washington,  D  C.  Published  with  permission  of  the  Depart- 
ment of  Africuliucc. 

'  "Naphthalene  Sulfonic  Acids.  II — A  Method  for  the  Qualitative 
Detection  of  Some  of  the  Naphthalene  Sulfonic  Acids,"  by  J.  A.  Ambler  and 
B.  T.  Wherry,  This  Johrkal.  U  (1920),  1085. 

<  Tms  JoORNAL,  11  (1020),  1081. 


Sulfur  found,    12.89  per  cent,  12. SI  per  cent 
Calculated,        12.70  per  cent 

p    -    NiTROTOLUIDINE    -    1,8   -    DIAMINO    -    NAPHTHALENE    -   3,6- 

DisuLFONATE  (C,oH4(NH2).,(S03H)2.  (NH2C6H3(NO.,)CH,]!)— This 
salt  separates  out  in  grayish  tan  needles.  It  is  soluble  in  water 
at  room  temperature  to  the  extent  of  0.186  part  per  100  parts  of 
water.  It  is  soluble  in  hot  water,  contains  no  water  of  crystalliza- 
tion, and  melts  with  decomposition  at  270°  C. 


Sulfur  foun( 
Calculated, 


10.15  per  cent,  10.35  per  t 
10.29  per  cent 


»!-a-NAPHTHVLAMINE    SaLT      OF     H-AciD      (CioH,(NH2)  (OH)- 

(SOjH)2.NHlCioH7) — This  salt  separates  out  in  light  violet-gray 
prisms,  is  soluble  in  water  at  room  temperature  to  the  extent 
of  0.1006  part  per  100  parts  of  water  and  nearly  as  insoluble 
in  hot  water,  contains  no  water  of  crystallization,  and  melts  with 
decomposition  at  278°  C. 


Sulfur  found. 
Calculated. 


13.67  per  cent,  13.71  per  cent 
13.85  per  cent 


ot-Pseudocumidine  vSalt  of  H-Acid  (CioH4(NH2)(OH)- 
fS03H)2.NH2CcH2(CH3)3) — This  salt  separates  out  in  gray  prisms. 
It  is  soluble  in  water  at  room  temperature  to  the  extent  of  0.097 
part  per  100  parts  of  water,  is  nearly  as  insoluble  in  hot  water, 
contains  no  water  of  crystallization,  and  melts  with  decomposition 
at  272°  C. 

Sulfur  found,    13.93  per  cent,  13.98  per  cent 

Calculated,        14.10  per  cent 

»;,p-NiTROTOLuroiNE  Salt  of  H-Acid  (CioH4(NH2)(OH)- 
(SO»H)2.NH2C6H3(N02)(CH3).H20)— This  salt  separates  out  in 
gray  prisms.  It  is  soluble  in  water  at  room  temperature  to  the 
extent  of  0.106  part  per  100  parts  of  water,  is  soluble  in  hot  water, 
contains  1  molecule  of  water  of  crj'Stallization,  and  melts  with 
decomposition  at  265°  C. 

Sulfur  found,  13.40  per  cent,  13.51  per  cent 

Calculated,  13,59  per  cent 

Water  found,  3.62  per  cent,    3.58  per  cent 

Calculated,  3.68  per  cent 

TolidineSalTofH-Acid(C,oH4(NH2)(OH)(S03H)2.NH2C6H3- 
(CH3)(CeHs)Nn2.3H20)— This  salt  separates  out  in  gray-violet 
prisms.  It  is  soluble  in  water  at  room  temperature  to  the 
extent  of  0.102  part  per  100  parts  of  water,  is  nearly  as  insoluble 
in  hot  water,  contains  3  molecules  of  water  of  crystallization, 
and  melts  with  decomposition  at  260°  C. 

Sulfur  found,  11.95  per  cent,  11.87  per  cent 

Calculated,  12.05  per  cent 

Water  found,  9.17  per  cent,    9.12  per  cent 

Calculated,  0.23  per  cent 

Zinc  Salt  of  1,8-Diamino-3,6-disulfonic  Acid  (CioH*- 
(NH8)2S20«Zn.3Il20)— Upon  standing  for  about  one-half  hour 
this  salt  separates  out  in  gray  microscopic  needles.  It  is  soluble 
in  hot  water  and  contains  3  molecules  of  water  of  crystallization. 
The  zinc  was  determined  according  to  the  method  of  Huppert 
and  Van  Ritter.'  A  weighed  amount  of  dried  salt  was  placed  in 
a  porcelain  crucible  over  which  was  poured  cold  concentrated 
nitric  acid.  The  whole  was  carefully  heated  until  a  dry  residue 
remained,  then  ignited  until  the  residue  while  hot  was  pure  white. 
This  salt  dissolves  to  the  extent  of  6.4  parts  per  100  parts  of  water 
at  20°  C.  The  excess  of  zinc  sulfate  reagent  has  a  salting-out 
effect. 

Zinc  found,  17.25  per  cent,  17.18  per  cent 

Calculated,  17.06  per  cent 

Water  found,  12.40  per  cent,  12.49  per  cent 

Calculated,  12  47  per  cent 


,  S5  (1896),  311. 
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{Tests  are  to  be  i 


1,8  -  Di  -  Noi- 
3.6-disulfonic 
acid  of  naph- 
thalene 

1,8  -  Di  -  NH,- 
3,6-disulfonic 
acid  of  naph- 
thalene 

1  -  NHi  -  8- 
OH  -  3,6  -  di- 
sulfonic  acid 
of  naphtha- 
lene (H-acid) 


,8  -  Di  -  OH- 
3,6-disulfonic 
acid  of  naph- 
thalene 
(chromo- 
trope  acid) 


IdIINTIPICATION  ok  H-AclD  AND  INTUKMUDIATCS 

■  cent  hydrochloric  acid  solutions,  except  those  with  cobalt  chloride  and  line  sulfate,  which  arc  made  in  neutral  solution!) 


mmediate  ppt. 
Light  straw- 
yellow.   Wait 


L       ppt.      IS 

formed  on 
long  stand- 
ing from  a 
cone.  solu- 
tion 


2  Cyinidine- 

H,SO.  o-Naph 

(CH,  - 1)  ainine- 

[mmediate      No  ppt. 
light     straw- 
yellow      ppt. 
Wait  10  min. 


thyl- 
HCl 


Tolidine-HCI 
No  ppt. 


<i-Nitrotolu. 
idioe-HCI 
(1-2-4) 


CoCI. 
No  ppt. 


ZnS04 
No  ppt. 


NO  ppt.  No  ppt.  No  ppt.  No  ppt.  Gray-tan     ppt.     Brown      ppt.     Ppt.     brown. 

I^t     stand         Let  stand  Vi         Let  stand  '/l 
15  min.  hr.  hr. 

No  ppt.                    Ppt.      light  Ppt.     tan-gray.  P  p  t.  g  r  a  y-     Ppt.  gray.     Let     No  ppt.                   No  ppt. 

violet  -  gray.  Let  stand  10  violet         Let         stand  10  min. 

Let  stand  15  min.  stand  10  min. 
min. 


I  e  d  i  a  t  e      No  ppt. 


CoB.\LT  Salt  op  1,8-Diamino-3,6-disulfonic  Acid  (CioHr 
(NH2)2S206Co.2H20) — Upon  standing  for  one-half  hour  this  salt 
separates  out  in  brown  microscopic  needles.  It  is  soluble  in 
hot  water  and  contains  2  molecules  of  water  of  crystallization. 
The  cobalt  was  determined  by  heating  the  cobalt  salt  slowly 
and  carefully  and  then  igniting  the  residue  of  cobalt  oxide. 
This  salt  dissolves  at  20°  C.  to  the  extent  of  6  parts  per  100  parts 
of  water.  Here  again  the  excess  of  the  molar  solution  of  cobalt 
chloride  has  a  salting-out  effect  on  the  salt. 


Cobalt  found. 
Calculated, 
Water  found. 
Calculated, 


1.5.31  per  cent,  15.37  per  < 
15.51  per  cent 

8.71  per  cent,    S.68  per  c 

8.80  per  cent 


Method  of  Identification 

All  the  tests  may  be  made  in  test  tubes  with  3  to  5  cc. 
of  dilute  solutions — for  example,  of  concentration  less  than 
tenth  molar.  The  organic  reagents  should  be  prepared  upon 
the  same  day  as  needed  by  dissolving  the  organic  base  in  a 
10  per  cent  solution  of  hydrochloric  acid.  The  zinc  and  cobalt 
reagents  used  are  molar  solutions  of  the  salts  of  these  metals. 
Before  making  any  of  the  following  tests,  however,  all  sulfates 
should  be  removed  with  barium  chloride  in  the  following 
manner:  Bring  the  solution  to  boiling  and  tlien  add  an 
excess  of  barium  cUoride  solution;  allow  the  solution  to 
stand  on  the  water  bath  until  the  precipitate  has  settled,  then 
filter  and  wash;  bring  the  filtrate  to  boiling  and  add  sodium 
carbonate  solution  to  remove  the  barium.  Neutralize  the 
filtrate  with  hydrochloric  acid.  Of  the  four  acids  studied  only 
two,  H-  and  chromotrope  acids,  form  barium  salts  insoluble 
in  the  cold.  Both  of  these  salts  are  soluble  in  hot  water. 
On  cooling,  therefore,  a  precipitate  indicates  H-  or  chromo- 
trope acid. 

l,8-DiAMiNO-3,6-DisuLFONic  AciD — First  test  for  1,8-diamino- 
3,6-disulfonic  acid,  as  identification  of  this  acid  should  be  made 
in  a  neutral  solution,  by  adding  a  molar  solution  of  cobalt  chloride 
or  zinc  sulfate,  .\fter  standing  for  one-half  hour,  the  formation 
of  a  precipitate  indicates  the  presence  of  this  acid.  The  pre- 
cipitate is  compact  and  slow  in  forming.  The  presence  of  the 
other  three  acids,  however,  does  not  interfere  with  this  precipita- 
tion. If,  later  on,  no  H-acid  is  found,  l,8-diamino-3,6-disulfonic 
acid  can  be  quickly  identified  and  confirmed  with  the  reagent 
_p-nitrotoluidine  (1,2,4)  hydrochloride.  This  reagent  gives  an 
immediate  grayish  tan  precipitate  with  the  diamino  acid. 

The  tests  for  the  other  three  acids  are  made  in  acid  solution. 
Add  enough  hydrochloric  acid  to  make  the  resulting  mixture 
a  5  per  cent  acid  solution  and  let  stand  one-half  hour.  If  the 
solution  so  treated  is  a  concentrated  solution  of  H-acid,  its 
acid  sodium  salt  will  be  precipitated.  Filter  out  this  acid 
salt.  The  amount  of  H-acid  left  in  solution  can  be  easily 
detected  with  anj'  of  the  reagents  given  in  the  table  and  the 


resulting  dilute  solution  of  H-acid  will  not  interfere  with  the 
tests  for  the  other  acids. 

l,8-pimTRO-3,6-DisuLFONic  Acid — As  seen  from  the  table, 
cymidine  hydrochloride  will  precipitate  only  this  acid  from  any 
mixture  of  acids  of  this  group.  This  test  should  be  made  before 
the  removal  of  H-acid,  when  such  removal  is  necessary,  as  this 
acid,  like  many  other  nitrocompounds,  decomposes  upon  heating. 
If,  however,  no  chromotrope  or  H-acid  is  foimd  afterwards, 
benzidine  hydrochloride  will  serve  as  a  reagent  in  confirming  the 
presence  of  the  dinitro  acid.  There  is  no  difficulty  in  distinguish- 
ing the  benzidine  salt  of  the  dinitro  acid  from  the  one  formed  with 
chromotropic  acid.  These  two  acids  almost  never  occur  in  the 
same  working  mixture.  With  such  a  mixture,  however,  all  the 
dinitro  acid  should  be  removed  with  a  large  excess  of  cymidine 
hydrochloride.  Filter  out  the  dinitro  salt  and  neutralize  the 
filtrate  with  sodium  hydroxide.  Filter  the  free  base  and  evapo- 
rate the  filtrate  down  to  the  original  volume  before  testing  for 
chromotropic  acid. 

l,8-AMiNONAPHTHOL-3,6-Distn,FONic  AciD  (H-Acid) — This 
acid  is  identified  by  the  formation  of  an  insoluble  salt  with  a- 
naphthylamine,  tolidine  or  pseudocumidine  hydrochloride  in  a  5 
to  10  per  cent  acid  solution.  These  reagents  do  not  form  in- 
soluble salts  with  the  other  three  acids.  p-Nitrotoluidine  hydro- 
chloride also  forms  an  insoluble  salt  with  H-acid  in  an  acid  solu- 
tion ^wWch  will  serve  for  identifying  the  acid  if  no  diamino  acid 
is  present. 

Definite  positive  tests  have  been  obtained  in  the  Color  Labora- 
tory with  2  cc.  of  0.01  M  solution  of  H-acid  upon  the  addition  of 
2  cc.  of  0.1  jl/ solution  of  tolidine  hydrochloride  or  />-nitrotolui- 
dine  hydrochloride.  The  results  of  these  tests  show  that  by  this 
method  it  is  possible  to  detect  as  small  amounts  as  0.3  per  cent  of 
H-acid  in  a  5  per  cent  solution  of  hydrochloric  acid.  p-Nitro- 
o-toluidine  hydrochloride  and  pseudocumidine  hydrochloride 
are  better  reagents  because  the  salts  formed  are  flocculent.  In 
dilute  solution  the  precipitates  form  more  slowly  and  at  least  one- 
half  hour  should  be  allowed  for  the  tests. 

Before  testing  for  chromotropic  acid  remove  the  H-acid 
present  in  the  following  manner:  Add  an  excess  of  p-nitro- 
toluidine  reagent  and  allow  solution  to  stand  one-half  hour 
for  complete  precipitation.  Filter,  and  neutralize  with 
sodium  hydroxide  solution.  Filter  out  the  free  base  and 
evaporate  the  solution  to  its  original  volume.  The  solution 
can  then  be  tested  for  chromotropic  acid. 

l,8-DtHYDROXY-3,6-DisuiFONic  AciD — -If  H-acid  was  present 
and  removed  with  />-nitrotoluidine  hydrochloride,  test  again 
with  that  reagent  to  make  sure  of  the  complete  removal  of  H- 
acid,  after  which  identify  chromotropic  acid  with  benzidine 
hydrochloride. 


Experiments  with  Florida  clay  deposits,  made  possible  by  the 
cooperation  of  various  Florida  cities,  are  now  being  conducted 
at  Cornell  University  to  determine  whether  these  clays  can  be 
used  for  the  manufactiu-e  of  brick,  tile,  and  pottery.  Clays 
suitable  for  filler  are  also  being  tested. 
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Coke  Residue  Test  for  Creosote  Oils' 

By  Charles  S.  Reeve  and  Frank  W.  Yeager 
Research  Department,  The  Barrett  Co..  nocEWATER.  N.  J. 


DURING  the  past  year  the  authors'  attention  was  called 
to  rather  marked  discrepancies  in  the  results  of  this 
test,'  not  only  in  different  laboratories  but  with  the 
-Line  operator  when  testing  oils  especially  prepared  and 
ili.stributcd  for  comparative  work. 

The  possible  variations  in  the  test  were  first  shoA\Ti  by 
experiments  on  two  samples  of  oils  distributed  to  four  labo- 
ratories with  instructions  to  follow  the  method  outlined.  The 
results  of  these  experiments  are  given  in  Table  I. 


8.0 
7.3 
8.00 
8.0 


9.2 
10,5 
10.3 
9.9 
9.9 


11.8 
12.3 
10.1 


6.4 

,5.8 
5.2 


These  results  show  a  remarkable  dissimilarity  between 
the  different  laboratories  on  the  same  oils,  and  a  general 
failure  to  get  close  checks  even  in  the  same  laboratory.  The 
variations  of  the  tests_  in  the  individual  laboratories  expressed 
as  maximum  per  cent  variation  from  the  average  are: 


The  variation  between  laboratories  on  the  same  oil  is 
19  per  cent  for  Sample  1,  and  32  per  cent  for  Sample  2. 
Inasmuch  as  this  test  is  used  as  a  basis  for  estimating  the 
amount  of  refined  tar  blended  in  a  finished  creosote,  and  as 
the  oils  are  often  reiiuired  to  fall  within  a  specified  limit  in 
this  respect,  it  is  readily  seen  from  these  results  that  the 
test  is  not  satisfactory. 


civcd  Miiy  4.  1022. 
Soc.  Testing  Matcrinls, 


Standard  D-38-18. 


This  wide  variation  in  results  led  to  a  consideration  of  the 
factors  that  might  be  responsible.  Our  conclusions  may  be 
summarized  as  follows: 

(1)  Shape  of  Bulb — WTiile  the  specifications  for  a  bulb  are 
narrow  as  to  shape  and  dimensions,  we  have  found  it  practically 
impossible  to  obtain  the  desired  uniformity,  and  it  is  usually 
necessary  to  select  from  a  large  lot  those  which  most  closely  ap- 
proximate the  specification, 

(2)  Character  of  Glass — Many  of  the  bulbs  on  the  market 
are  made  of  a  soft  glass,  which  either  prevents  the  proper  applica- 
tion of  the  full  flame  heat,  or  through  fusion  and  consequent 
shrinkage  of  the  glass  walls  causes  a  change  in  the  relation  of 
volume  of  oil  to  bulb  capacity. 

(.3)  Rate  of  Distillation — It  is  difficult  to  keep  this  con- 
stant on  account  of  the  small  vapor  space  above  the  oil  and  be- 
cause of  the  frequent  necessity  of  conducting  the  distillation 
intermittently  in  order  to  avoid  spurting,  particularly  when  the 
oil  contains  traces  of  water. 

Efforts  wxre  made  to  minimize  these  effects  by  purchasing 
a  few  special  hard-glass  bulbs  that  came  very  near  the 
specifications,  but  in  no  case  was  there  any  material  increase 
in  the  ability  to  obtain  better  check  results.  These  results  are 
included  in  Talile  II.  This  investigation  led  to  the  conclusion 
that  some  method  should  be  devised  that  would  eliminate 
coking  in  glass,  but  at  the  same  time  give  results  more  nearly 
constant  and  substantially  in  accord  with  those  heretofore 
oljtained  in  the  bulb,  and  so  avoid  as  far  as  possible  any  con- 
flict with  existing  oil  specifications.  This  involved  a  distilla- 
tion with  subsequent  coking  of  the  residue  and  it  was  decided 
to  associate  the  coke  test  with  the  retort  distillation  as  given 
in  American  Society  Testing  Materials  D-38-18. 

The  following  procedure  was  therefore  de\ised:  (1)  The 
oil  was  subjected  to  retort  distillation;  (2)  the  residue  above 
355°  C.  was  subjected  to  the  test  for  fi.xed  carbon  (A.  S.  T.  M. 
D-22-16)  using  a  Bunseii  burner;  (3)  the  percentage  of  fixed 
carbon  (coke)  was  calculated  back  to  the  original  sample  of 
oil.  In  trying  out  the  method,  each  of  four  oil  samples 
was  tested  by  two  operators.  Table  III  gives  the  distilla- 
tion tests,  percentage  of  coke  on  residue,  and  calculated  per- 
centage of  coke  on  the  oil. 


Taulk  II- 
Sample  of  oil 
Operator 
Cokc'bulli  tests,  per  cent  vari- 


-SUHHARY  0»  TBSTS  COHPARINO  COKS-BuLB  AND  RBSIDUK-CrUCIB1,B  TBSTS  OP  CRBOSOTB  On.  COKB 


Retort    distillation,    per  cent 
diatillate: 
0-170'  C. 
O-2I0 
0-235 
0-270 
0-31S 
0-3SR 
Residue 
Loss 


Kesidue-Cnicilile  Test 


Av.  per  cent  coke  In  oil 

Per  cent  variation 

Type  of  crucible 

Kiinfte   of   per   cent   coke    by 

bulb  le.st 
Per  cent  coke  by  special  hur.I 

bulbs 


0.0 
3.3 
27.6 
48.0 
69.6 
70.3 
29.0 
0.7 


8.1 
8.0 
8.1 
8.1 


0.0 
3.0 
26.2 
48.6 
60.1 
70.5 
28.9 
0.6 


27.8 
27.8 
28.0 


0.0 
3.2 
32.2 
56.0 
68.2 
78.6 
20.2 
1.2 


8.0 
8.0 
8.1 


25.9 
25.9 
25.8 
25.8 


0.0 
4.7 
34.6 
57.3 


5.2 
6.2 
6.2 
6.2 
6,2 


5.0-0.2 
Av.  5,6 


0.1 

0.0 

0.0 

0.4 

0.2 

0.5 

4.6 

2.4 

1.8 

22.0 

20.1 

15.3 

42.5 

42.3 

42.0 

70.7 

69.1 

73.6 

28.7 

30.7 

25.3 

0.6 

0.2 

1.1 

I 

II 

1 

II 

I          II 

9.4 

2.7 

9.2 

2 

S 

? 

.7       0.7 

9.2 

2.7 

9.2 
9.2 

2 
2 

8 

8 

2 

7       0.7 

0.7 
0.6 
0.5 
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TAULIt  III 

(Coke  Test:    355"  C.     Residue:    20-i 
Sample  3 
Operator  1  2 

Per  cent  coke  8.1  7.9 

Average  8.0 


uni  Crucible) 
Stimplc  .1 


In  the  residue-crucible  tost  the  variation  in  the  results 
of  the  same  operator,  or  between  two  operators,  is  practically 
negliRiblo.  Furthermore,  the  results  of  tlie  tests  are  com- 
I)aral>lc  with  the  average  of  the  rejiular  coke-bulb  test. 

A  few  other  trials  were  made  on  Oil  Samples  3  and  4  using 
the  regular  type  20-cc.  in  place  of  the  10-cc.  capsule  crucible. 
These  results  are  practically  the  same  as  those  obtained  by  the 
10-cc.  platinum  crucible  (Table  II). 

To  determine  the  possibility  of  further  simplifying  the 
test,  some  coke  determinations  using  the  crucible  method  and 
charging  the  oils  direct  to  the  crucibles  without  previous 
distillation,  were  made. 


(Per  ce.= 

t  Coke:    Oil  Charged  Direct  to  Crucible) 

Crucible 
Per  cent  coke 
Per  cent  coke 

Sample  3 
10  cc.              20  cc. 
6.20                7.03 
6.38                6.31 

Sample 
10  cc. 
3. OS 
3.28 

Average 

6.3                  6.7 

3.2 

Range  of  per 
coke     by 
test 

cent 
bulb 

8.5  to  10.2 

5.4  to  6.3 

This  last  procedure  was  not  considered  satisfactory  with 
either  crucible,  mainly  on  account  of  the  failure  of  the  results 
to  approximate  a  regular  bulb  test. 

Reference  to  the  tabulation  will  show  that  residue-crucible 
results  are  always  slightly  lower  than  the  average  coke-bulb 
results. 

Oil  sample 3  4  5  6 

Per    cent    coke     (bulb 

methodl 9.6  5.7  3.2  0.9 

Per  cent  coke  (residue- 
crucible  method) 8.1  5.2  2.8  0.7 

Range  of  bulb  tests 8.Stol0.2  5.4  to  6.3  2.9  to  3.6  0.65  to  1.0 

This  condition  may  be  due  to  the  softness  of  the  glass  bulbs 
which,  as  previously  noted,  makes  it  impossible  to  apply 
the  full  flame  heat  for  period  adequate  for  igniting  the 
residue.  Such  limiting  of  ignition  results  in  leaving  a  residue 
that  is  not  entirely  coked  and  consequently  of  greater  per  cent 
than  an  equivalent  completely  coked  residue.  Under  such 
conditions  the  degree  of  coking  may  in  some  instances  be 
carried  further  than  in  others,  and  these  tests  would  represent 
purer  coke  residues,  which,  other  tilings  being  equal,  are 
indicated  by  the  lowest  per  cent  of  coke.  It  is  apparent 
on  comparing  the  lowest  bulb  results'  with  the  residue- 
crucible  averages  that  this  assumption  is  approximately 
correct.  Tliis  is  also  evidenced  by  the  tests  on  Sample  4 
using  the  special  very  hard  glass  bulbs,  where  the  coke  ob- 
tained by  the  residue-crucible  method  falls  witliin  the  limits 
of  the  bulb  variations, — i.  e.,  the  range  of  bulb  test  is  5.0  to 
6.2  per  cent,  and  the  average  of  residue-crucible  tests  is  5.2 
per  cent. 

Table  V — Comparison 


Oil  sample 

Laboratory 

Operator 

Per  cent  coke  by 
bulb 

Variation 

Average  of  bulb 
test 

By  residue-cru- 
cible 

Variation 

Average  residue- 
crucible  tests 

Difference  be- 
tween methods 

Sp.  gr.  of  oil 

Per  cent  residue 
to  353°  C. 


4.7       5.4     6.5       5.9       7.1 


tl.9 
5.3 


Thus  it  appears  that  the  residue-crucible  method,  while 
yielding  results  somewhat  lower  than  the  usual  ijulb  tests, 
indicates  more  truly  the  actual  coke  content  of  the  oil,  and 
that  as  the  hardness  of  the  bulbs  is  increased  the  results  by 
the  two  methods  become  more  nearly  equivalent. 

A  recent  trial  of  the  crucit)h'  method  on  three  oils  by  dilTer- 
ent  laboratories  gave  the  results  in  Table  V. 

Conclusions 

It  has  been  found  that  the  percentage  of  coke  in  an  oil  as 
determined  by  the  coke-bulb  test  is  subject  to  variations  over 
undesirably  wide  limits,  owing  to  unavoidable  variations  in 
test  conditions,  and  that  a  crucible  test  wherein  the  percentage 
of  coke  is  calculated  from  a  fixed  carbon  test  on  the  residue 
of  the  oil  remaining  after  a  retort  distillation  to  355°  C.  has 
the  following  points  to  recommend  it  as  a  substitute  for  the 
bulb  test : 

1 — The  results  are  sufficiently  close  to  the  average  of  a  number 
of  regular  coke  tests  to  offer  comparable  values. 

2 — The  accuracy  of  the  method  is  greater  than  that  of  the 
present  coke-bulb  test. 

3 — The  procedure  itself  is  very  simple,  and  requires  no  appa- 
ratus that  is  not  usually  found  in  laboratories  where  general  tar 
and  oil  tests  are  made. 

4 — The  difficulty  and  expense  of  obtaining  truly  satisfactory 
coke  bulbs  are  eliminated. 

5 — The  oils  are  usually  given  retort  distillation  tests  and  the 
residue  can  be  used  for  the  coke  test.  The  total  time  per  test 
in  such  cases  is,  therefore,  only  about  15  min. 


Priestley  Apparatus  at  Dickinson  College,  Carlisle,  Pa. 

Dickinson  College  has  for  over  a  century  treasured  some  fine 
pieces  of  apparatus  once  owne<i  by  Joseph  Priestley.  They  were 
purchased  for  the  sura  of  $530  by  Thomas  Cooper,  who  in  1811- 
1815  was  professor  of  chemistry  and  mineralogy  at  Dickinson. 

The  burning  glass  is  composed  of  two  lenses,  16  and  7  in. 
in  diameter,  and  set  16  in.  apart.  The  wooden  frame  permits 
adjustment  to  suit  the  altitude  of  the  sun. 

The  retlecting  telescope  is  of  the  Gregorian  type.     The  main 
mirror  is   5   in.  in  diameter, 
and  is   mounted    in  a   brass 
tube  2.5  ft.  long.     The  maker 
was  W.  S.  Jones,  London. 

The  achromatic  refracting 
telescope  is  4  ft.  long.  It  was 
made  by  Dolland. 

The  air  gun  was  probably 
designed  by  Priestley  him- 
self. The  air  magazine  is  a 
wrought  iron  globe,  3.5  in. 
in  diameter. 

There  are  also  flasks  with 
ground  necks  and  tubes  with 
ground  stoppers. 


Another  Platinum  Theft 

The  following  platinum  articles  were  stolen  from  Vanderbilt 
University,  Nashville,  Tenn.,  between  August  1  and  8,  1922: 


Approx.  Weight 

Grams 

CrucibUs 

No.    3,  with  lid 

19.1 

No.    9,  with  lid 

28 

No.  14.  with  lid 

39.8 

No.  30,  with  lid    • 

22.8 

No.  34,  with  Ud 

27.5 

No.  44,  without  Ud 

4.6 

Milk  Disk 

No.  9,  gold 

16.1 

Combuslion  Boats 

No  4.  No.  5 

7.1,  15.2 

Diskes 

No.  20,  No.  21 

40.3,31.2 

Platinum    combustion    tube,    complete. 

1.093 
28.3 


1.118 
39.4 


unused  (E.  &  A.  No.  5402)  '  377 

The  university  will  greatly  appreciate  any  information  leading 
to  the  recovery  of  any  of  these  articles. 
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The  Technical  Chemistry  of  Vanadium' 

By  B.  D.  Saklatwalla- 
Vanadium  Corporation  of  America,  Bridgeviluk.  Pennsylvania 


THE  ELEMENT  vanadium  was  discovered  about  a  hundred 
and  twenty  years  ago  in  1801  in  the  lead  ores  of  Mexico 
by  Manuel  del  Rio.  Thirty  years  later  Berzelius  had 
studied  and  worked  out  the  chemistry  of  this  clement.  By  the 
year  1870  Roscoc  had  supplemented  Berzelius's  work  and 
practically  exhausted  the  study  from  a  chemical  standpoint. 

In  spite  of  this  early  work,  vanadium  had  not  entered  the 
sphere  of  commercial  technology  until  within  the  last  very  few 
years.  In  the  sixties  there  was  some  demand  for  vanadium  in 
the  dyeing  industiy,  in  the  preparation  of  aniline  black.  It 
was  also  used  in  the  manufacture  of  inks,  and  for  coloring  glass 
and  pottery,  brown,  purple,  blue,  and  green  glazes  being  pre- 
pared with  it.  Its  salts  had  also  been  suggested  as  photographic 
developers,  and  as  catalyzers  in  the  contact  process  of  sulfuric 
acid  manufacture.  Also  its  compounds  had  been  tried  as 
therapeutic  agents  owing  to  their  strong  oxygenating  properties, 
and  they  had  also  been  recommended  as  antiseptics.  Further, 
their  use  was  tried  in  the  laboratory,  as  a  reagent  for  alkaloids 
and  hydrogen  peroxide,  and  for  the  determination  of  hydrazine 
and  hydroxylamine  in  the  presence  of  ammonia. 

The  technical  use  of  vanadium  on  a  commercial  scale,  however, 
began  when  it  entered  the  metallurgical  field.  In  1894  Moissan 
eiperimented  on  the  reduction  of  vanadium  in  the  electric 
furnace.     In  1896  the  Firminy  Steel  Works  in  France  experi- 
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mented  with  its  use  in  armor  plates.  In  1900,  however,  Pro- 
fessor Arnold  in  Sheffield,  England,  undertook  a  comprehensive 
study  of  its  effects  in  steel,  and  that  date  may  be  considered  as 
its  real  entry  into  the  commercial  metallurgical  field. 

The  reason  for  a  century-long  neglect  of  this  element  is  to  be 
found  mainly  in  the  fact  that  until  comparatively  recently  no 
commercially  workable  deposits  of  vanadium  minerals  were 
known.  The  vanadium  was  extracted  from  slags,  ashes  of  va- 
nadium-bearing coals,  and  the  like.  The  processes  employed 
were  long  and  wasteful,  and  consequently  the  cost  of  the  va- 
nadium was  prohibitively  high.  Fortunately  about  the  time  its 
usefulness  was  proved  in  steel  metallurgy  by  Professor  Arnold, 
the  largest  known  deposits  of  vanadium  in  the  Peruvian  Andes 
were  discovered,  consisting  of  the  mineral  patronite,  a  vanadium 
sulfide.  Subsequently,  in  this  country,  deposits  of  vanadif- 
erous  sandstone  and  camotite  have  been  worked.  The  van- 
adiferous  sandstone  contains  as  one  of  its  constituents  "Roscoe- 
lite,"  a  vanadiferous  mica.  The  camotite  carries  its  vanadium 
in  combination  with  uranium.  With  the  discovery  of  these 
deposits  the  metallurgical  application  of  vanadium  advanced 
rapidly. 

Chemical  Reactivity  of  Vanadium 

From  the  chemists'  standpoint  the  element  vanadium  pre- 
sents very  interesting  features  which  can  scarcely  be  found  in 
any  other  element.  It  possesses  a  reaction  capability  enabling 
it  to  form  an  extensive  number  of  different  compounds.     We 
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can  roatlily  umierstaml  this  capability  when  wc  consider  its 
position  in  the  periodic  system.  It  stands  in  the  liftli  group  of 
elements  vertically  with  N,  P,  As,  Sb,  and  Bi,  between  P  and 
As,  and  horizontally  its  atomic  wciglit  places  it  between  Ti 
and  Cr.  Conseciuently,  it  shares  the  property  of  this  group  of 
functioning  in  different  valencies  and  forming  basic  as  well  as 
acid  radicals.  Combined  with  this,  its  proximity  to  chromium 
imparts  to  it  the  capability  of  forming  double  salts. 

The  clement  vanadium  occurs  in  its  compounds  in  the  di-, 
tri-,  tetra-,  penta-,  and  hexavalent  states.  The  salts  correspond- 
ing to  the  lowest  oxide,  VO  or  V2O2,  arc  powerful  reducing  agents, 
capable  of  bleaching  organic  coloring  matter  and  reducing 
copper,  tin,  silver,  gold,  platinum,  and  mercury  to  the  metallic 
state  from  their  salts.  The  chloride  and  sulfate  are  the  best- 
known  compounds  corresponding  to  this  valency.  The  sulfate 
is  isomorphous  with  ferrous  and  chromous  sulfates. 

The  compounds  corresponding  to  the  trivalent  oxide,  VjOj, 
show  characteristic  similarity  to  trivalent  iron  and  chromium 
salts.  With  this  valency  also  an  increased  tendency  to  form 
double  salts  is  manifested.  The  halogen  salts  and  sulfate  with 
a  large  number  of  double  salts,  regular  alums,  are  common. 
Oxalates,  double  oxalates,  and  salts  of  complex  acids  also  occur. 

With  the  next  increasing  step  of  valency,  corresponding  to  the 
oxide  VO2  or  V2O4,  the  number  of  salts  increases  to  a  very  great 
extent.  This  tetravalent  vanadium  appears  to  be  the  most 
stable  base,  as  it  forms  salts  with  almost  every  inorganic  and 
very  many  of  the  organic  acids.  Also  the  tendency  to  form 
double  salts  with  organic  as  well  as  inorganic  bases  is  appreciable. 
With  this  state  of  valency  the  acid  character  of  the  element  be- 
gins to  appear  with  the  formation  of  vanadites,  which  are  ex- 
tremely readily  oxidized  to  vanadates. 

With  the  pentavaleut  stage  of  valency  the  number  of  com- 
poimds  formed,  as  well  as  tendency  to  form  double  salts,  further 


increases.  Also  pcntavalcnt  vanadium  very  decidedly  shows  its 
acid  character,  with  little  tendency  to  form  basic  radicals.  Its 
salts  as  a  l)a.se  with  acids  are  comparatively  few.  The  oxide 
VjOj  plays  an  important  part  in  the  technical  chemistry  of 
vanadium,  as  it  has  been  the  starting  material  for  the  manu- 
facture of  almost  all  vanadium  compounds.  It  can  be  prepared 
in  a  perfectly  pure  state  by  calcination  of  ammonium  vanadate. 
Obtained  in  this  way  it  consists  of  extremely  beautiful  yellow- 
red  crystals  about  3  to  4  cm.  long  and  2  to  '.i  mm.  wide,  which 
readily  melt  at  about  055°  to  000°  C.  This  oxide  is  the  anhy- 
dride of  three  dilTerent  acids,  ortho-,  meta-,  and  pyrovanadic 
acids,  corresponding  to  the  phosphoric  acids.  The  number  of 
vanadates  formed  from  these  three  acids  with  inorganic  and 
organic  bases  is  overwhelmingly  large. 

Hexavalent  vanadium  is  known  to  exist  in  the  form  of  per- 
vanadic  acid,  HVO,,  and  its  corresponding  salts,  which  are  little 
known. 

This  cursory  knowledge  of  the  activity  of  vanadium  in  forming 
large  numbers  of  compoimds  with  widely  difTerent  properties  and 
acting  as  a  base  or  acid  with  change  of  valency,  or  even  with 
the  same  valency,  will  help  us  to  realize  some  of  the  difficulties 
in  the  technical  operation  of  processes  for  extraction  of  the  metal 
from  the  ores  and  of  the  large  losses  in  recovery  sufTered  in  the 
earlier  days  of  the  industry.  The  realization  of  this  fact  was 
necessary,  for  instance,  in  the  selection  of  a  leaching  agent  for 
a  particular  mineral,  which  may  have  its  vanadium  content  in  a 
certain  valency  stage,  or  in  the  bringing  of  such  vanadium  con- 
tent by  pre-roasting,  etc.,  to  the  valency  state  suitable  to  the 
leaching  medium  used,  or  in  the  selection  of  a  precipitating 
agent,  keeping  the  solution  during  precipitation  in  the  right 
valency  condition,  or  in  selecting  the  right  fluxes  and  refractory 
lining  during  the  reduction  of  a  certain  valency  vanadium  com- 
poimd  to  the  metallic  state. 
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Treatment  of  Vanadium  Ores 

The  main  industrial  processes  for  the  treatment  of  vanadium 
ores  can  l)e  divided  into  two  main  groups;  wet  leaching  proc- 
esses and  dry  smelting  operations.  The  first  group  can  be 
subdivided  into  acid  and  alkaline  processes.  In  the  acid  process 
the  ore  is  treated  with  sulfuric  acid  in  the  presence  of  a  reducing 
agent  (iron  turnings)  to  keep  the  vanadium  in  the  basic  stage  of 
lower  valency.  The  vanadyl  sulfate  solution  thus  obtained  is 
evaporated  to  a  sulfate  cake,  which  in  turn  is  calcined  to  an  oxide, 
or  the  vaiiadic  acid  is  precipitated  from  this  sulfate  solution  by 
the  action  of  a  .strong  oxidizing  agent,  such  as  a  chlorate  or  pcr- 
sulfate.  In  tlie  alkaline  leaching  processes  the  ore  is  roasted 
with  salt  or  so«la  or  salt  cake  or  a  mixture  of  them.  The  van- 
adate thus  formed  is  extracted  with  water.  From  this  solution 
the  vanadic  acid  is  precipitated  by  the  addition  of  a  mineral  acid, 
such  as  sulfuric.  A  method  of  electrolytically  precipitating  the 
vanadic  acid  from  the  vanadate  solution  has  also  been  suggested. 

The  losses  connected  with  the  wet  leaching  processes  have 
practically  made  them  obsolete.  The  dry  smelting  processes 
applied  to  the  ores  directly  were  based  on  the  principle  of  matte 
smelting  The  ore,  containing  sulfur,  or  with  native  sulfur 
added  to  it,  was  smelted  with  appropriate  fluxes  in  a  reverbcra- 
tory  furnace,  whereby  all  the  heavy  metals  contained  in  the  ore, 
such  as  iron,  manganese,  nickel,  copper,  lead,  arsenic,  or  anti- 
mony, were  converted  into  a  matte,  leaving  the  vanadium  sepa- 
rated into  the  slag,  from  which  it  was  reduced  to  the  alloy. 

Reduction 

The  inhcicnt  diflkultics  in  the  metallurgy  of  vanadium,  ren- 
dering the  extraction  of  this  metal  costly  and  wasteful,  and  also 
the  most  marked  advances  in  the  last  few  years,  are  to  be  found 
in  the  last  stage  of  reduction  to  the  metallic  state  of  the  vanadium 
compounds  obtained  by  the  wet  or  dry  processes,  or  of  the  ores 
without  such  preliminary  processes. 


\'anadium  usually  exists  in  the  materials  to  be  reduced  in  the 
pentavalent  state.  The  temperature  at  which  reduction  of  the 
vanadium  oxide  starts  is  extremely  high,  probably  higher  than 
that  for  any  other  metal  known,  with  the  possible  exception  of 
uranium.  On  the  other  hand,  pentavalent  vanadium  reduces 
to  the  tetra-  or  trivalent  condition  extremely  readily.  If, 
therefore,  a  mass  of  vanadium  pentoxide  in  intimate  contact 
with  a  reducing  agent,  is  brought  gradually  to  a  higher  tempera- 
ture, with  the  successive  increments  of  temperature  the  valency 
of  the  original  mixture  will  gradually  change,  so  that  when  the 
temperature  of  reduction  is  reached  the  reducing  agent  will  no 
more  be  acting  on  pentavalent  vanadium,  but  on  a  mixture  of 
different  valencies.  Now  some  of  the  lower  oxides  of  vanadium, 
such  as  WzOt,  are  extremely  refractory  and  practically  infusible 
and  irreducible.  Instead  of  reducing  to  metal,  such  compounds 
will  therefore  combine  with  the  products  of  oxidation  of  the 
reducing  agent,  fluxes,  etc.,  and  be  lost. 

It  is  apparent  that  this  dilTiculty  can  be  obviated  if  the  re- 
duction temperature  can  be  produced  instantaneously,  and  no 
opportunity  afforded  the  VjOj  to  form  lower  oxides,  prior  to 
reduction  to  metal.  This  condition  is  ideally  satisfied  in  the 
case  of  alumino-thcrmic  reduction.  Consequently  this  method 
of  reduction  has  played  a  very  significant  part  in  the  early  de- 
velopment of  vanadium  metallurgy.  As  is  well  known,  this 
reaction  consists  in  subjecting  a  mixture  of  grained  aluminium 
and  an  oxide  to  the  reduction  temperature,  whereby  an  in- 
stantaneous interaction  takes  place,  the  aluminium  combining 
with  the  oxygen  of  the  oxide,  forming  a  slag,  and  the  metal 
separating  as  a  regulus.  This  method,  in  the  case  of  pure  oxides 
and  carried  out  on  a  small  scale,  is  an  extremely  simple  operation. 
However,  when  the  principle  is  applied  to  a  complex  ore  carrying 
several  metals  and  gangue  elements,  it  presents  difTicuItics  not 
encountered  in  any  other  metallurgical  operation.  In  the 
smelting  of  ores  by  ordinary  furnace  processes  the  undesirable 
elements  are  eliminatetl  by  the  production  of  a  slag  with  suitable 
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fluxes.  Wc  know  that  for  the  production  of  such  a  slag,  besides 
the  cheniicul  constituents,  the  physical  conditions  in  the  furnace 
play  a  bij;  part.  We  therefore  have,  for  example,  a  close  tem- 
perature control  of  the  operation,  and  also  provide  delicate 
means  whereliy  we  can  control  temperature  to  a  very  fine  de- 
gree. In  the  ahuuino-thcrniic  reduction  of  complex  ores  we  are 
working  without  the  aid  of  such  cxtraneously  controllable  phys- 
ical means.  The  temperature  is  dependent  only  on  the  chemi- 
cal reaction  taking  place,  and  consequently  mainly  on  the  amount 
of  aluminium  oxidized  per  unit  of  time.  This  amount,  however, 
is  governed  by  the  constituents  of  the  ore  subjected  to  reduction. 
Fluxes  are  added  to  slag  off  the  impurities.  These  fluxes  retard 
the  temperature  of  the  reaction  if  they  form  au  endolhermic 
slag.  The  means  employed  to  control  at  will  the  alumino- 
tliermic  reduction  of  complex  ores  consist  in  (1)  adding  highly 
oxygenated  compounds,  such  as  sodium  nitrate,  which  increase 
the  oxygen  content  of  the  mixture  without  adding  any  metallic 
constituents  in  the  alloy,  (2)  increasing  the  temperature  by  in- 
creasing the  rate  of  feed  of  the  mixture,  (3)  making  the  particles 
of  the  constituents  finer,  or  (4)  increasing  the  scale  on  which  the 
reaction  is  carried  on  so  that  with  large  masses  treated  there  will 
be  an  accumulation  of  heat  energy  stored  as  the  reaction  con- 
tinues. To  summarize  these  remarks  it  may  be  said  that  in  the 
calculation  of  the  mixture  for  reduction  such  a  balance  has  to  be 
found  among  the  ingredients  as  will  produce  not  only  the  right 
compounds  in  the  slag  and  the  right  elements  in  the  metal,  but 
also  the  right  amount  of  exothermic  energy  per  unit  of  time, 
capable  of  keeping  such  slag  and  metal  in  the  perfect  fluid  con- 
dition necessary  for  their  separation.  It  is  easy  to  see  that  this 
reduction  process  presents  problems  not  ordinarily  met.  In 
the  development  of  the  vanadium  industry  it  has  been  worked 
out  to  an  extent  as  to  form  practically  a  new  branch  of  metallurgy. 

Fig.  1  shows  diagrammatically  the  evolution  of  this  process, 
where  for  the  purpose  of  obtaining  better  control  of  temperature 
and  reaction  the  capacity  of  the  reducing  crucible  was  increased 
from  about  30  to  35  lbs.  to  7800  lbs.  of  alloy.  This  figure  also 
shows  several  types  of  crucibles  or  furnaces  developed  for  alumino- 
thermic  reduction.  Fig.  2  shows  in  detail  the  mechanism  of  the 
type  of  reducing  crucible  finally  evolved  wHth  the  feeding 
arrangement,  tapping  spouts,  etc. 

In  spite  of  the  development  of  alumino-thermic  reduction  to 
a  high  degree,  several  factors  in  connection  with  the  develop- 
ment of  vanadium  metallurgy,  such,  for  instance,  as  the  high 
cost  of  aluminium  as  a  reducing  agent,  have  necessitated  the 
employment  of  other  means  of  reduction.  Since  Moissan's 
unsuccessful  attempts  in  1893-94  to  reduce  vanadium  by  car- 
bon in  the  electric  furnace,  several  processes  of  electric  reduc- 
tion have  been  suggested,  involving  such  metallic  reducing 
agents  as  silicon,  manganese,  silicon  carbide,  calcium  carbide, 
boron,  or  boron  carbide.  Of  these  processes  only  the  reduction 
with  silicon  has  appeared  to  be  of  any  commercial  interest. 
It  has,  however,  in  common  with  the  aluminium  reduction,  the 
inherent  defect  of  high  cost. 

The  reduction  of  vanadium  by  means  of  carbon  on  a  com- 
mercial scale  has,  however,  been  successfully  accomplished  within 
the  last  couple  of  years.  The  theory  of  instantaneous  reduction, 
which  made  the  aluminium  reduction  process  successful,  has 
been  transferred  to  the  electric  operation.  Physical  conditions 
of  alumino-thermic  reduction  are  reproduced  electrothermally, 
principally  a  localized  zone  of  extreme  high  temperature  into 
which  the  mixture  of  ore,  reducing  agent,  and  fluxes  is  fed. 
This  mixtiu-e  reacts  instantaneously,  owing  to  the  high  tempera- 
ture, is  converted  into  slag  and  alloy,  and  passes  out  of  the  re- 
acting zone  to  make  room  for  the  next  portion  of  mixture  arriv- 
ing in  the  high  temperature  zone.  The  high  degree  of  heat  is 
obtained  by  the  employment  of  high  voltage  and  current  den- 
sity, combined  with  close  spacing  of  electrodes,  producing  more 
or  less  a  blow-pipe  effect.     The  mixture  is  fed  continuously  in 


the  hottest  part  between  the  electrodes.  The  furnace  is  a  three- 
phase  rectangular  furnace  with  a  water-cooled  cover,  furnished 
with  water-cooled  bushings  for  three  12-in.  graphite  electrodes. 
The  mix  is  fed  in  tlic  furnace  through  water-cooled  bushings  in 
the  top  of  the  cover  by  means  of  continuous  automatic  feeders, 
and  the  metal  and  slag  arc  tapped  ofl  by  means  of  appropriate 
spouts. 

Fig.  3  shows  a  sectional  diagram  of  one  4000-Icw.  furnace. 
Fig.  4  shows  the  general  exterior  arrangement  of  the  furnace 
installation. 

Vanadium  Alloys 

Vanadium  has  also  entered  the  field  of  nonferrous  metallurgy, 
and  several  alloys  have  been  marketed  for  use  in  the  nonferrous 
industry.  A  cuprovanadium,  an  aluminovanadium,  a  mangano- 
vanadium,  and  a  cupromanganovanadium  arc  commercial 
alloys.  The  exploitation  of  vanadium  in  the  nonferrous  indus- 
try is,  however,  comparatively  in  its  infancy  and  furnishes  a 
fertile  field  for  metallurgical  research. 
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Possibilities  for  Vanadium  Research 

Another  metallurgical  phase  which  has  received  little  attention 
is  the  production  of  the  metal  itself  without  being  alloyed.  The 
production  of  pure  metallic  vanadium  has  been  one  of  the  most 
difficult  problems  of  experimental  chemistry.  Its  high  tempera- 
ture of  reduction  and  chemical  acti\'ity  are  responsible  for  this. 
All  early  attempts  to  produce  pure  vanadium  have  failed.  Ros- 
coe  undertook  reduction  of  the  chloride  by  hydrogen.  Setter- 
berg  attempted  reduction  with  sodium.  Goldschmidt  failed 
to  produce  pure  vanadium  by  means  of  aluminium.  Weiss  and 
Aichel  tried  reduction  of  the  oxide  by  means  of  Mischmetal,  a 
mixture  of  cerium,  lanthanum,  and  other  rare  metals.  Prandtl 
and  Bleyler  failed  in  reduction  with  metallic  calcium.  Ruff  and 
Martin  attempted  reduction  with  pure  carbon.  Cowper-Coles 
did  not  succeed  in  producing  pure  metal  by  aqueous  electrolysis. 
Werner  von  Bolton  attempted  to  obtain  the  metal  by  the  so- 
called  dry  electrolysis.  He  prepared  a  filament  of  VjOs  using 
paraffin  as  a  binder,  and  subjected  this  fUament  to  the  electric 
current  in  vacuum  in  order  to  dissociate  the  oxygen  away  from 
the  metal. 

On  account  of  the  inability  to  prepare  the  pure  metal,  natvu-ally, 
statements  as  to  its  physical  properties  are  very  vague.  Any 
future  developments  as  to  methods  of  preparing  pure  vanadium 
might  prove  of  great  commercial  value.  It  might  lead  to  in- 
vestigations of  alloys  of  vanadium  ^vith  some  other  highly  re- 
fractory metals  such  as  tungsten,  titanium,  uranium,  tantalum, 
etc.,  which  alloys  might  possess  remarkable  physical  properties 
useful  in  the  arts. 
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Apart  from  the  metallurgical  side,  vanaditun  has  suffered 
very  little  technological  development.  An  element  as  chemically 
active  and  as  remarkable  in  its  var>'ing  properties  as  vanadium 
would  undoubtedly  find  useful  application  in  chemical  tech- 
nology. As  an  example  may  be  suggested  its  use  as  an  oxidizing 
catalyst  in  the  manufacture  of  perchlorates  and  perborates,  and 
in  several  organic  reactions.  The  use  of  vanadyl  chloride  as 
reducer  in  place  of  stannous  chloride,  and  of  its  oxygenating 
compounds  as  a  bactericide  in  water  purification  may  be  men- 
tioned. The  strong  physiological  activity  of  vanadium  will  also 
some  day  be  utilized  in  the  manufacture  of  compounds  similar 


to  the  arseno  compounds,  such  as  salvarsan.  It  would  appear 
that  an  element  capable  of  easy  transference  of  valency  as  va- 
nadium would  open  some  field  of  research  in  its  application  to 
the  use  of  electric  cells,  primary  or  secondary.  The  potential 
difference  between  the  low  and  high  valency  compounds  as 
measured  by  Marino  seems  to  indicate  that  a  research  in  this 
direction  might  be  very  fruitful.  It  is  clear  from  these  few 
examples  that  the  chemical  development  of  vanadium  is  still 
ahead  of  us,  and  it  is  to  be  hoped  that  its  success  in  steel  met- 
allurgy will  be  the  factor  toward  its  wide  application  in  other 
branches  of  technology. 


Can  We  Afford  the  Ford?' 

By  George  Granger  Brown 
Dbparthbnt  of  Chemical  ENCiNEiiRiNC,  Univbrsity  of  Michigan,  Ann  Arbor,  Michigan 


OI"  the  11,000.000 
motor  vehicles  in  the 
United  States  about 
5,000,000  are  Fords.  If  each 
Ford  covers  annually  5000 
mi.,  we  have  25,000,000,000 
Ford  miles  per  year.  At  an 
average  of  about  17.5  mi.  per 
gal.  this  means  a  consumption 
of  over  1,400,000,000  gal.  of 
gasoline,  more  than  one- 
fourth  the  total  production  of  this  country.  Even  a  small  sav- 
ing in  the  fuel  consumption  of  Ford  cars  alone  is  well  worth 
the  effort.  Every  general  increase  of  10  per  cent  in  the  efficiency 
of  Fords  means  more  than  140,000,000  gal.  of  gasoline  saved 
annually  for  future  use,  more  than  $30,000,000  to  help  pay  the 
income  tax,  or,  if  you  have  the  sales  point  of  view,  75,000  more 
Fords  sold  per  year. 

The  tests  described  in  this  paper  indicate  that  the  above 
estimates  based  on  a  saving  of  10  per  cent  are  very  conservative — 
in  fact  at  least  25  per  cent  increased  mileage  should  be  expected 
by  making  the  slight  changes  in  equipment  suggested. 

In  making  comparative  tests  on  motor  cars  the  utmost  care 
must  be  taken  to  maintain  all  conditions,  except  those  purposely 
varied,  as  constant  as  possible ;  otherwise  the  results  are  absolutely 
worthless.  It  is  possible  to  obtain  anywhere  from  5  to  35  mi. 
per  gal.  with  the  same  standard  equipped  Ford  touring  car,  de- 
pending entirely  upon  the  conditions  under  which  the  car  is 
driven.  In  one  case  the  car  was  driven  through  very  heavy 
city  traffic  in  cold  weather  by  an  "experienced"  but  very  inexpert 
driver,  in  the  other  case  the  car  was  driven  by  a  very  careful 
expert  driver,  at  a  constant  speed  of  about  10  mi.  per  hr.  on  a  level 
concrete  highway,  on  a  hot  humid  day.  The  careless  driver 
used  a  rich  mixture,  the  careful  driver  drove  a  hot  engine  with  a 
very  lean  mixture — so  lean  that  the  engine  would  backfire  when 
an  attempt  was  made  to  accelerate. 

For  the  present  discussion  it  will  be  convenient  to  consider 
the  overall  efficiency  of  a  motor  car  as  consisting  of  two  factors, 
the  e/ficicncy  of  the  power  plant,  and  the  drag  of  the  chassis  and 
body.  The  power  plant  efficiency  is  determined  by  the  design 
of  the  engine  an<l  transmission,  and  the  effectiveness  and  effi- 
ciency of  the  ignition  and  carbureting  systems.  The  drag,  or 
dead  load,  of  the  chassis  and  body  is  roughly  a  function  of  the 
car  weight.     In  order  to  get  the  best  possible  results  it  is  neces- 
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The  aoerage  Ford  touring  car,  dricen  under  average  conditions, 
gioes  not  more  than  17.5  mi.  per  gal.  Compared  with  other  cars 
it  should  gioe  24  mi.  per  gal. 

One  cause  for  this  inefficiency  is  the  present  carbureting  system, 
which  can  be  so  improved  that  the  aoerage  Ford,  driven  under  aoerage 
conditions,  will  gioe  25  mi.  per  gal.  and  operate  as  economically  as 
more  expensive  cars. 

If  this  one  improoement  were  applied  to  all  the  Ford  cars  in  this 
country,  400,000,000  gal.  of  gasoline  would  be  saved  annually. 


sary  that  all  of  these  factors 
receive  the  most  careful  at- 
tention. The  high  cost  of 
fuel  in  Europe  has  forced 
European  manufacturers  to 
consider  these  factors,  and 
they  have  brought  forth  a 
number  of  very  light  cars 
equipped  with  efficient  power 
plants  of  12  to  20  h.  p. 
These  cars  wUl  run  from 
35  to  60  mi.  per  gal.,  depending  upon  conditions.  Because 
of  the  low  price  of  gasoline  in  the  United  States  our  motor 
cars  are  not  designed  for  maximum  economy.  We  have  light 
cars  with  inefficient  power  plants  and  some  cars  with  efficient 
power  plants  handicapped  by  a  4000-  or  5000-lb.  mass  of  dead 
weight. 

In  order  to  make  intelligent  comparisons  of  the  relative 
operating  economy  of  different  cars,  the  variable  weight  and  dif- 
ferent designs  must  be  reduced  to  a  constant  common  basis.  This 
can  be  done  in  a  very  satisfactory  manner. 

The  wind  resistance  of  all  cars  is  practically  the  same.  The 
rolling  resistance,  and  particularly  the  force  necessary  for  ac- 
celeration, is  directly  proportional  to  the  weight  of  the  car. 
The  efficiency  inherent  in  the  power  plant  varies  inversely  as  the 
displacement  of  the  engine  per  unit  of  distance  traveled. 
These  factors  may  be  represented  as  follows:' 

K  =  Number  of  cylinders 

H  =  Bore,  in  in. 

A  =  Area  of  bore,  sq.  in. 

S  =  Stroke,  in  in. 

H.  p.  =  Horse  power, 


D 


2.5 

Total  displacement,  - 
Gear  ratio,  rear  axle 


■  wheel  @  1  mi.  per  br 


'  Tire  dia.  X  ir 

-  R.  p.  m.  motor  @  1  mi.  per  hr.,  Wh  X  R 
=  Weight  of  car,  in  lbs. 

1000 
="  Economy  constant,  — ^z=z^^=zzz=^=^= 
VdM(1000  +  Wt.) 

—  Mi.  per  Kal.   under  reasonably  efficient    operatii 

,'5200 


VDMdOOO  +  Wt.) 

Tlie  accompanying  table  shows  the  application  of  this  formula 
to  a  number  of  standard  cars  produced  in  1921. 

This  table  is  intended  simply  as  an  estimate  of  the  miles  per 


'  See  also  C.  T.  Myers,  Trans.  Soc.  Automolii 
nd  Soc.  Aulomolire  Eng.  Bull.,  8  (191.?),  257. 
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Car  Modbi.      H.  p.  N      b            A          S  1)              K                  T  Wli           M 

4,TD"" f„  „     „,     25  «  3'A  8.296  8  62.2  4..'.  32x4  10  5  47  25 

H..:::;::::::::::::::::::::::    pti?  J?  |  1%  i:?-  -a  «-  --  -.4  jo.h4  50.^ 

I&v;:;:::::::::::::::::::  Siao  |  i  ^%  III,  V;,  in  ti^"  ijj  IH  J1^J^'> 

5°?se ...  24  4  3'/,  11.79  4'/.  53.1  4.16  .32x4  0  5  48  4 

SSix 1*  ??  *  ?'/'  »  «21  5  48.1  4.4.'-.  31x4  10.84  4V25 

f^^" •■■  18  4  3V.  8.946  5  44.7  4.66  32x4  10.".  4«  0 

g?r^ti;-- T  22  4  3V.  11.04  4  44.2  3.63  .W  x  3V.  1.2  40.6 

S^°'l'i   f?  25  6  3V4  8.296  4  49.8  4.33  32x4  10.5  45  5 

g"5"" 55  29  6  3'/.  9.621  6  72.15  4.11  33x4  10.2  42  0 

Hudson     29  6  3'/.  9.621  5  72.15  4  SI  34  x  4Vt  9  88  47  5 

?i^?Sn?      ^  JS  ^  3>/.  8.296  8V,  45.6  4.87  33x4  102  49  7 

Lincoln-     36  8  3'/i  8.946  5  89.45  3.71  (?)     33x5  10  2  3ft  8  (?) 

^""""b'le 48  48  6  4'/t  IS. 9  5'/,  131.2  3.8  .35x5  9  6  36  4 

*J""°'?' 34  33  6  3V.  11.04  5V.  84.9  4.1(?)       32  x  4V.  10  5  40  3  (?) 

Maxwell.      21  4  3V.  10.32  4V«  46.45  4. .-,6  31  x  4  0  84  49  6 

M'^"'"-''"''' TV  48  0  4V.  15.9  6  143.1  3.5  33x5  (^2  357 

^J"';f^,i £.„  22  4  3V.  11.04  6V«  74.55  3.87  32x47,10  5  40  6 

^^''^hell F50  29  6  3V.  9.621  5  72.15  4.42  33x4  02  45  0 

Nash 682  25  6  3V4  8.296  5  62.2  4.5  33x4  0  2  4.5  9 

Na^h-;- 41-4  16  4  3V.  8.946  5  44.7  4.5  33x4  10  2  dl 

RfJ^      ti- ?r*?  "'  8  21  Vi.    6.213  4V.  44.25  4.66  32x4  10.5  49  0 

Odsmob.e 43-A  21  4  3"/„10.68  S'/.  56.1  4.66  32x4  0.5  49  0 

Oldsmob.le 46  26  8  2'/.  6.492  4V4  61.7  4.93  33  x  4'A  10.2  50  3 

Overland... 4  18  4  3V.  8.946  4  35.8  4.5  30x3'/,  11.2  50  5 

Packard-single. 27  6  3V.  8.946  4Vt  60.4  4.3  33x4'/.  10.2  43.9 

Packard-twin  SIX 43     12  3  7.069  5  106.0  4.36  35x5  9.6  42  0 

gajK' 644  25  6  3V.  8.296  6  62.2  4.75  32x4  10.5  50  0 

Paige. 666  33  8  3>/4  11.04  5  82.85  4.55  32x4'/,  10.5  47  8 

Pierce  Arrow' 33  48  6  4  12.57  8V,  103.7  (?)  33  x  5  10  2 

Reo T6B  24  6  3./i,  7.98  5  69.85  4.7  33x4  10  2  48" 

I'^ven^.y. ••.■■, SkL4  22  4  3V.  11.04  S'/,  62.1  4.5  34x1'/.  9188  44.5 

Studebaker-Light'     23  6  3'/,  7.67  4Vi  51.8  (?)  32x4  10  5 

Studebaker-Special' 29  6  3'/,  9.621  5  72  15  (>)  32x4  10  -j 

Studebaker-Big« 36  6  3V.  11.79  5  88.45  (?)  33x4'/,  10;2          V. 

WillysKnight 20  21  4  3V«  10.32  4','.  46.45  5  33x4  JO  2  510 

>  Gear  ratio  rear  axle  not  certain. 

'  Gear  ratio  rear  axle  unknown. 
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3300 

0.28 

14.6 

2300 

0.376 

19.6 

3000 

0.296 

16.4 

4000 

0  246  (?) 

12.7  (?)■ 

2800 

0.295 

16  3 

2985 

0  278 

14.5 

1800 

0.45 

23  4 

2400 

0  338 

17,0 

2320 

0.3.59 

18.6 

2560 

0.357 

18.6 

1.500 

0.472 

24.6 

2430 

0.359 

18.6 

3200 

0.28 

14  5 

3.500 

0.2,'i4 

13.2 

2.500 

0.344 

17.9 

4100 

0.244  (?) 

12.7  (?) 

5300 

0  182 

9.6 

3800 

0.238  (?) 

12.4  (?) 

2100 

0.374 

19.4 

4800 

0.184 

9.5 

4000 

0.257 

13.3 

3400 

0.264 

13.7 

3000 

0.296 

15  4 

2.100 

0.372 

19  4 

2.300 

0.373 

19  4 

2700 

0.313 

16.2 

31.50 

0.278 

14.5 

1900 

0.435 

22  6 

2900 

0.311 

16.2 

4470 

0.202 

10.5 

3000 

0.282 

14.7 

3.500 

0.236 

12.3 

5100 

3100 

0.291 

15.1 

3600 

0.28 

14.5 

2.100 

2900 

3200 

3000 

0.325 

16  9 

gallon  obtained  with  different  cars  driven  with  the  same  operating 
efficiency,  and  should  not  be  used  unless  this  condition  is  fulfilled. 
A  large  number  of  tests  have  demonstrated  the  fundamental 
accuracy  of  these  estimates  as  a  basis  for  comparing  the  operating 
efficiencies. 

The  reasonable  mileage  of  a  Ford  touring  car  is  given  as  24.5 
mi.  per  gal.,  yet  the  average  obtained  throughout  the  country 
is  not  more  than  17.5.  The  latter,  for  example,  would  correspond 
to  12  mi.  per  gal.  for  a  Franklin,  Essex,  or  a  Dort.  Franklin  cars 
will  average  about  IS  or  19  mi.  per  gal.  It  is  just  as  easy  to 
get  25  mi.  per  gal.  from  a  Ford  as  19  mi.  from  a  Franklin, 
yet  it  is  not  done  for  the  simple  reason  that  the  Ford  car  is  not 
properly  equipped  for  efficient  operation.  One  cause  of  in- 
efficiency is  the  standard  carbureting  system  (low  in  first  cost  but 
expensive  to  operate),  which  can  give  satisfactory  results  only 
when  the  engine  is  running  hot  and  when  the  adjustment  is 
constantly  changed  by  an  expert  to  suit  speed,  throttle,  and  road 
conditions.'  Under  these  particular  conditions,  22  to  2-1  mi.  per 
gal.  can  be  obtained  under  steady  driving.  But  the  average 
driver  is  not.expert,  and  he  could  not  use  the  dash  adjustment  to 
the  best  advantage  even  if  he  would. 

An  official  economy  test  run  on  May  14,  1913,  from  Weehaw- 
ien,  N.  J.,  to  Newburgh,  N.  Y.  (64.7  mi.)  resulted  as  follows  : 

Gal.  of  Mil.  per  Relative  Fuel 

C.^R  Weight  Gasoline  Gal.  Consumption 

Ford 1614  3.33  19.3                  206 

Paige 2500  4.056  15.9                  162 

Pathfinder 2790  5.301  12.1                  190 

Briggs 2460  4.324  14.9                  175 

Oakland 2680  6.482  11.  S                   204 

Mercer 2540  3.000  12.9                  196 

.'American 3S00  7.503  S.57                 197 

AIco 4630  8.726  7. 38                188 

Best  Score — 162  by  Paige 
Poorest  Score — 206  by  Ford 

On  Jime  11,  1914,  this  same  course  was  covered  by  a  standard 
equipped  Ford  similar  in  every  respect  to  the  one  used  in  the 
above  test,  except  that  it  was  not  in  perfect  condition,  having 
been  in  general  use  for  some  time  and  not  overhauled  or  specially 
prepared  for  a  test  in  any  way.  After  covering  the  distance  to 
Newburgh,  the  car  was  brought  back  to  Weehawken  and  equipped 

«  For  a  discussion  of  the  variables  affecting  economy  and  engine  per- 
formance, see  "A  Chemically  Controlled  Automobile,"  This  Journai.,  14 
•(1922),  6. 


with  an  improved  carburetor.*  No  other  changes  or  adjustments 
of  any  kind  were  made.  The  following  day,  June  12,  1914, 
the  same  Ford  car  was  driven  over  the  same  course  by  the  same 
driver  with  the  following  comparative  results. 


Weehawkcn  to  Newburgh,  64.7  mi. 

Gal.       Mi.  per  Gal. 

Ford,  standard  carburetor 3.68  17.6 

Ford,  improved  carburetor 2.52  25.7 

9S  mi.  on  Longlsland  (August  1914) 
Ford,  improved  carburetor 3.9  25.25 


Relative 
Fuel  Con- 
sumption 

228 

156 

168 


The  car  was  then  put  through  the  shop  and  found  to  have  a 
faulty  timer.  After  the  car  had  been  put  into  first-class  condition 
in  every  respect,  20  mi.  per  gal.  could  be  obtained  with  the 
standard  carburetor  and  29  mi.  per  gal.  with  the  improved 
carburetor. 

These  results,  which  have  been  repeatedly  checked  in  the 
last  eight  years,  show  a  45  per  cent  increase  in  mileage,  or  a  30 
per  cent  decrease  in  fuel  consumption,  by  simply  supplying  an 
improved  carburetor  to  a  standard  Ford  touring  car,  that  the 
Ford  car  can  be  made  to  operate  as  efficiently  as  the  more  ex- 
pensive cars  by  simply  supplying  a  satisfactory  carbureting  sys- 
tem. They  show  that  you  can  drive  your  Ford  7250  mi.  on  the 
same  amoimt  of  gasoline  you  now  use  for  5000,  that  Ford  could 
buy  a  Muscle  Shoals  every  18  days  with  the  sa\Tngs  made  by 
improving  the  carbureting  system  on  his  cars  which  are  wasting 
annually  400,000,000  gal.  of  gasoUne,  $100,000,000;  every  week 
more  than  enough  to  adequately  support  the  Chemical  Warfare 
Service  for  a  year!     Can  we  afford  it? 

4  Similar   to  the  carburetor  described  in   "A   Chemically   Controlled 
Automobile,"  Loc.  cit. 


An  institute  of  theoretical  and  applied  optics  with  a  course 
lasting  two  years  has  been  established  at  Paris.  A  research 
laborator>-  is  an  important  part  of  the  institute.  A  monthly 
journal  has  been  established,  Reiiue  d'Optique  Iheorelique  el  in- 
slrumentale,  which  has  the  cooperation  of  the  French  sj-ndicate 
of  makers  of  optical  apparatus  and  instruments  of  precision. 


John  D.  Rockefeller,  Jr.,  has  agreed  to  donate  $60,000  to 
Princeton  University  for  the  establishment  of  a  Library  of  In- 
dustrial Relations. 
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Chemistry  in  the  Senate 

Importance  of  the  Science  Emphasized  by  Prominent  Senators 

(Excerpts  from  Congressional  Rscord  of  August  17,  1922) 


o 


N  August  17, 1922,  in  discussing  the  Bursum  Amendment, 
several  senators  spoke  in  favor  of  it.  Senator  Bursum 
of  New  Mexico  in  presenting  the  amendment  began  by 


Mr.  President,  the  serious  question  confronting  the  countrj-  at 
this  time,  which  prompted  the  introduction  of  this  amendment, 
is  whether  the  dye  industry  of  this  coimtry  shall  be  permitted 
to  live,  whether  it  shall  be  preserved,  or  whether  we  will  permit 
it  to  go  on  the  rocks,  and  depend  upon  Germany,  as  we  did  prior 
to  the  war,  for  our  supply  of  dyes. 

Senator  Sterling  of  South  Dakota,  after  declaring  himself  in 
favor  of  the  amendment  and  explaining  his  preference  for  an 
embargo,  said: 

But,  thinking  that  the  embargo  may  not  carry  in  the  Senate, 
I  am  in  favor  of  the  amendment  of  the  Senator  from  New 
Mexico. 

I  want  to  call  attention  just  briefly  to  two  or  three  facts  and 
then  cite  some  authorities  which  I  think  ought  to  have  a  con- 
trolling influence  in  this  discussion. 

It  has  been  charged,  of  course,  that  there  was  great  danger 
of  a  combination;  that  there  was  an  actual  combination  between 
the  dye-industry  people.  I  have  the  honor  of  being  a  member 
of  the  sub-committee  of  the  Judiciar>'  Committee  which  investi- 
gated the  dye  industry.  I  was  unable  to  hear  all  the  testimony; 
very  much  of  it  I  could  not  hear  because  of  other  pressing  duties, 
but  that  which  I  did  hear  convinced  me  that  there  was  no  com- 
bination whatsoever  among  the  various  dye  industries  in  this 
country.  Indeed,  the  witness  most  relied  upon  by  those  who 
were  asserting  that  there  was  a  combination  or  monopoly  ad- 
mitted that  there  was  the  sharpest  competition  between  the 
various  companies  engaged  in  the  production  of  chemicals  and 
dyes.     That  witness  was  Mr.  Metz. 

He  then  continued,  citing  a  number  of  authorities  such  as  Mr. 
James  Morton,  chairman  of  the  Scottish  Dyes,  Ltd.,  to  free 
trade  members  of  Parliament,  and  Mr.  Taussig,  formerly  a 
member  of  the  Tariff  Commission.     He  concluded: 

Mr.  President.  I  think  I  have  not  much  more  to  add.  I  feel 
that  interest  in  this  verj-  great  and  important  industry.  It  has 
done  so  much  within  the  short  time  it  has  been  in  existence 
since  the  beginning  of  the  war,  produced  so  much  of  wealth  for 
the  I'nitcd  States,  given  employment  to  so  many  thousand  work- 
men, skilled  and  unskilled,  in  the  United  States,  it  seems  to  me 
that  as  American  citizens,  with  pride  in  our  industrial  develop- 
ment, we  should  maintain  and  encourage  it  in  the  highest  pos- 
sible degree. 

Senator  Ransdell  of  Louisiana  then  spoke  convincingly  as 
follows: 

Mr.  President,  I  favor  strongly  the  amendment  of  the  Senator 
from  Arizona.  It  seems  to  me,  sir,  that  it  has  in  it  more  pos- 
sibilities for  good  to  America  and  the  world  than  any  other 
feature  of  the  bill.  In  considering  this  amendment  we  must 
bear  in  mind  how  necessary  it  is  to  establish  and  maintain  a 
strong  chemical  industry  in  America,  how  es.sential  this  industry 
is  for  our  welfare,  our  national  defense,  and,  in  a  more  impor- 
tant way,  our  public  health. 

The  Germans,  through  their  investigation  of  coal-tar  products, 
have  developed  some  marvelous  remedies  as  an  incident  to  the 
dye  industry.  They  discovered  and  placed  on  the  market 
salvnrsan,  which  cures  one  of  the  most  loathsome  and  terrible 
diseases  that  ever  afflicted  the  human  race.  They  discovered 
novocainc,  one  of  the  greatest  dcadeners  of  pain  known  to  science, 
wonderful  in  that  it  is  a  nonhabit  forming  drug,  a  most  bene- 
ficial thing.  Many  other  very  helpful  drugs  have  been  develoi)ed 
by  the  eflorts  of  the  German  chemists  in  connection  with  coal 
tar. 

I  cannot  believe,  sir.  that  the  wise  men  of  Germany  have 
even  scratched  the  surface  of  the  possibilities  of  the  coal-tar 
industry.  Coal,  sir,  was  made  by  the  great  Chemist  of  nature, 
how  many  years  ago  none  of  us  know,  and  in  its  manufacture 


everything  that  grows  out  of  the  ground,  I  imagine,  was  used, 
the  most  exquisite  flowers,  the  sweetest  balsams,  the  most  heal- 
ing plants  and  herbs  of  every  kind  and  sort,  and  vast  forests  of 
giant  trees.  Coal  furnishes  more  commodities  for  the  use  and 
health  and  comfort  of  mankind  than  anything  I  know  of.  The 
wonderful  violet  and  rose  perfumes  which  our  ladies  use  are 
manufactured  from  coal.  Saccharine,  w  hich  is  five  hundred 
times  as  sweet  as  sugar,  is  manufactured  from  coal.  All  the 
beautiful  dyes  we  admire  so  much  are  manufactured  from  coal. 
I  could  tell  about  many  wonderful  things,  but  have  not  time  or 
opportunity  to  do  so. 

It  seems,  sir,  that  we  should  encourage  in  America  in  every 
possible  w-ay  this  enterprise  which  the  Germans  have  set  on  foot 
and  from  which  so  much  benefit  has  come  to  mankind.  Does 
anyone  believe  that  Germans  have  all  the  wisdom  of  the  world? 
Does  any  American  doubt  that  our  composite  American  popula- 
tion is  as  wise  and  contains  as  smart  people  as  Germany?  Does 
anyone  doubt  that  under  proper  encouragement  American 
chemists  w'ill  develop  just  as  many  valuable  things  from  coal 
tar  as  have  the  Germans?  As  the  German  chemists  have 
discovered  novocaine  and  aspirin  and  salvarsan,  why  cannot 
American  chemists  discover  remedies  for  cancer  and  leprosy 
and  that  most  fatal  of  all  diseases — tuberculosis?  Great  efforts 
to  that  end  have  already  been  made  by  American  chemists. 
Let  us  encourage  them  in  every  possible  way.  American  doc- 
tors have  in  the  last  25  years  demonstrated  that  they  can  do 
wonders  in  treating  diseases.  American  doctors  discovered  the 
cause  of  hookworm  and  [lellagra  and  treated  them  successfully. 
They  found  out  that  the  Stegomyia  mosquito  was  the  cause  of 
yellow  fever  and  have  practically  eradicated  that  dread  disease 
throughout  the  world.  All  we  need  to  do,  sir,  is  to  give  proper 
encouragement  to  American  chemists  and  they  will,  in  my  judg- 
ment, prove  by  their  medicinal  discoveries  just  as  beneficial  to 
America  and  to  the  world  as  ever  the  Germans  have  been,  and 
as  helpful  to  .suffering  humanity  as  their  brethren  in  the  medical 
profession,  for  I  cannot  believe  that  all  the  secrets  in  the  interest 
of  health  hidden  by  the  Architect  of  the  Universe  when  He 
created  coal  have  yet  been  unearthed.  There  are  many  secrets 
still  hidden.  Let  us  discover  them,  or  at  least  let  us  try  to 
discover  them.     This  is  only  one  phase  of  the  case. 

Many  people  say,  and  I  agree  with  them,  that  the  next  war, 
if  war  must  come — and  unfortunately  it  has  always  come  to 
the  world — will  be  a  chemical  war.  America  must  be  ready  for 
it  at  home.  She  must  de\elop  her  own  chemical  resources  and 
not  depend  upon  other  countries.  She  must  create  a  great 
chemical  industry,  and  make  all  known  combustibles  in  order 
to  be  prepared  for  a  possible  war. 

This  matter  of  national  defense  is  only  one  of  many  important 
things  which  can  come  from  the  development  of  the  coal-tar 
industry.  I  sincerely  hope,  sir,  that  the  amendment  will  be 
agreed  to. 

He  concluded  his  remarks  by  reading  into  the  Record  an  ex- 
cellent letter  from  Councilor  Charles  E.  Coates  of  the  Louisiana 
Section  of  the  Americ.'\n  Chemical  Society. 

Then  followed  remarks  by  Senator  Wadsworth  of  New  York 
which  we  quote  in  full : 

Mr.  President,  as  a  part  of  my  remarks,  I  ask  that  a  letter 
written  by  the  Secretary  of  War  to  the  chairman  of  the  Com- 
mittee on  Finance,  the  Senator  from  North  Dakota  [Mr. 
McCi.rMBER],  may  be  read  by  the  Secretary. 

The  Presiding  Officer:  Without  objection,  the  Secretary 
will  read  as  requested. 

The  reading  clerk  read  as  follows : 

War  Dkparthbnt 
WasbiiiKton,  August  IS,  1922 
Chairman  IJnitkd  States  Senate  Finance  Committee, 

Senate  Onicc  Building,  Washington,  D.  C. 
My  Dear  Senator  McCumber: 

On  July  26,  1921,  I  wrote  your  committee,  calling  attention  to  the  fact 
that  the  Fordncy  tariff  bill  would  not  protect  the  American  organic  chemical 
industry  from  destruction  by  German  competition.     Allow  me  to  reiterate 
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the  importance  of  the  preservation  of  this  industry  to  the  country  from  the 
standpoint  of  national  defense. 

The  dye  industry  is  the  backbone  of  the  oruanic  chemical  industry,  on  which 
all  Governments  are  dependent  for  their  high  explosives,  their  medicines,  and 
other  materials,  Ina.smuch  as  the  coal-tar  industry,  which  is  the  basis  of 
all  dyes,  is  also  the  basis  of  all  high  explosives  and  of  synthetic  medicines,  it 
is  of  vital  importance  to  preparedness  that  the  dye  industry  be  developed 
to  the  fullest  possible  extent  in  this  country.  The  use  of  explosives  will  be 
far  (jreatcr  in  any  future  strusgle  than  in  the  World  War. 

Notwithstanding  that  from  1914  to  1917  our  great  steel  industries  and 
our  rapidly  developing  chemical  industries  had  been  working  feverishly  to 
increase  their  facilities  to  supply  ammunition,  guns,  and  rifles  to  the  Allies, 
it  was  more  than  a  year  after  we  entered  the  war  before  those  industries 
were  able  to  supply  ammunition,  guns,  rifles,  etc.,  to  meet  the  American 
needs.  Even  then  our  chemical  industry  was  so  undeveloped  in  1917  that 
it  was  necessary  for  the  Government  to  build  large  high-explosive  plants  and 
powder  factories. 

Germany  realizes  the  importance  of  predominance  in  organic  chemical 
industries  as  a  most  valuable  means  of  preparedness  and  has  formed  of  them 
one  great  trust.  The  German  trust  can  produce  dyes  and  similar  material 
so  much  cheaper  than  the  Americans  produce  them  that  no  ordinary  tariff 
can  prevent  the  destruction  of  the  American  industry,  which  will  thereby 
cripple  the  whole  organic  chemical  industry. 

It  is,  therefore,  urged  that  the  dye-control  provisions  of  the  emergency 
tariff  act  of  1921  be  extended  another  year  to  give  the  industry  a  chance  to 
stabilize  and  to  enable  conditions  in  the  dye  industry  to  be  carefully  observed 
and  the  products  determined  which  should  be  protected  in  order  to  firmly 
establish  that  industry  in  the  Ignited  States. 
Very  truly  yours, 

John  W.  Wsees, 
Secretary  of  War 

Mr.  WadsworTh:  Mr.  President,  it  is  apparent,  of  course, 
that  the  concluding  paragraph  of  the  letter  of  the  Secretary  of 
War  is  not  applicable  to  the  amendment  which  is  now  pending 
because  in  that  paragraph  the  Secretary  urges  the  continuation 
of  the  selective  embargo  at  present  in  force.  I  thought,  however, 
it  would  not  be  amiss  that  the  letter  of  the  Secretary  in  which 
he  discusses  from  the  standpoint  of  the  national  defense  the  value 
of  the  organic  chemical  industry  be  placed  in  the  Record  at  this 
time.  I  think  that  not  even  the  most  suspicious-minded  man 
will  accuse  the  Hon.  John  W.  Weeks  of  being  impelled  by  un- 
worthy motives  when  he  urges  upon  Congress  the  consideration 
of  the  chemical  industrj-  in  connection  with  the  defense  of  the 
Republic. 

It  is  quite  possible,  Mr.  President,  that  a  good  many  Senators 
do  not  feel  as  deeply  upon  this  subject  as  do  I.  Perhaps  I  feel 
too  deeply  upon  it;  I  do  not  know;  but,  such  as  my  feelings  are, 
1  intend  to  express  them  upon  this  occasion  as  briefly  as  possible. 

From  what  I  have  been  able  to  learn  of  the  history  of  organic 
chemistr>'  in  this  coimtry,  especially  in  the  dye  industry,  prior 
to  our  entrance  into  the  World  War,  during  our  participation 
in  the  war,  and  since  the  war,  I  am  convinced  that  long  before 
the  United  States  actually  declared  a  state  of  war  the  German 
Government  and  the  cartel  were  in  effect,  although  slyly,  waging 
war  against  the  peace  and  the  safety  of  the  people  of  the  United 
States.  We  did  not  wake  up  to  that  situation  until  we  oiu'- 
selves  got  into  the  fight.  The  letter  of  the  Secretar>'  of  War 
points  out  very  briefly — all  too  briefly,  according  to  my  view — 
but  sufficiently  for  the  purposes  of  this  discussion  the  predica- 
ment in  which  this  Republic  of  ours  foimd  itself  when  we  were 
called  upon  to  engage  in  our  own  defense. 

Manipulations  of  the  German  cartel  in  the  matter  of  patents, 
the  immense  influence,  politically  and  otherwise,  which  they 
maintained  in  this  country  before  the  European  war  must  now 
be  known  to  every  sensible  man.  Their  effort  was  deUberate; 
it  was  skilful,  and  it  was  successful  up  to  a  certain  point.  That 
effort  was  directed  toward  making  and  keeping  the  American 
people  as  helpless  as  possible  in  the  event  of  any  great  crisis 
overtaking  them  in  which  the  German  Government  might  be  a 
party. 

We  went  into  the  war  and  we  learned  the  lesson  at  the  cost 
of  billions  of  dollars  and  many  thousands  of  lives.  We  partici- 
pated in  the  great  victorj-  and  at  the  conclusion  of  the  contest 
we  asked  for  no  territory;  we  asked  no  reparations;  we  asked 
for  nothing  of  value  to  be  taken  from  the  vanquished  and  we 
received  nothing.  The  only  thing  which  has  come  to  the  peo- 
ple of  the  United  States  of  material  value  as  a  result  of  their 
efforts  and  sacrifices  in  the  Great  War  is  peace  and  security 
in  the  future  and  the  guaranty  of  self-maintained  public  health; 
not  one  other  thing  or  opportunity  of  a  material  character  has 
come  to  this  great  people  of  ours  out  of  that  war. 

We  have  the  opportunity,  as  the  result  of  the  contest,  an 
opportunity  seized  upon  legally  to  maintain  our  public  health 


with  our  own  resources  and  without  depending  upon  any  foreign 
government  or  any  foreign  cartel,  corporation,  or  trust  We 
have  secured  the  opportunity  -and  have  secured  it  legally  and 
properly  as  a  result  of  our  .sacrifice  and  our  efforts  in  the  war — 
to  maintain  our  national  defense  without  depending  upon  any 
other  nation,  government,  trust,  or  cartel  of  any  kind  what- 
soever. That  is  the  prospect  which  confronts  the  American 
people  to-day. 

Mr.  President,  I  am  not  surprised  that  far-reaching  efforts 
have  been  exerted  in  this  country  for  the  last  two  years  once 
more  to  reduce  us  to  that  condition  of  comparative  helplessness 
in  which  we  dreamed  and  dreamed  and  dreamed  in  1910.  I  am 
well  aware  of  the  influences  which  have  been  brought  to  bear 
here  in  Washington;  I  am  well  aware  of  the  source  of  those 
influences;  I  know  perfectly  well  that  if  this  cartel  can  once 
more  establish  its  domination  over  the  organic  chemical  industry 
of  the  United  States,  such  as  it  enjoyed  prior  to  our  entrance 
into  the  war,  the  enemies  of  America,  actual  and  potential, 
will  rejoice. 

I  question  not  the  motives  of  Senators  who  do  not  see  this 
question  as  I  see  it;  without  doubt  they  are  sincere;  but  it  passes 
my  comprehension  how  they  can  fail  to  read  the  signs  of  the 
times.  If  there  ever  was  a  deliberate  attempt  to  break  down, 
to  undermine,  to  weaken  the  power  of  American  self-defense, 
it  has  been  made  in  connection  with  the  American  organic 
chemical  industry. 

It  does  not  do,  Mr.  President,  in  discussing  this  matter,  to 
drag  the  names  of  American  citizens  into  the  discussion  and 
acciise  them  of  dishonest  motives  because,  forsooth,  they  take 
an  interest  in  the  perpetuation  of  this  chemical  industry  here 
in  America.  It  does  not  do,  Mr.  President,  to  bring  inferences 
and  insinuations  against  Francis  P.  Garvan;  not  by  any  means. 
I  care  not  what  his  politics  are;  I  understand  he  is  a  Democrat; 
I  have  known  him  since  189.5  and  known  him  well.  He  is  an 
honest  man,  and  he  has  no  thought  in  his  mind  or  motive  in  his 
heart  e.xcept  the  safety  of  this  country.  It  does  not  do  to  bring 
unfair  inferences  and  insinuations  against  men  like  Otto  Bannard, 
of  New  York,  who  is  one  of  the  trustees  of  the  Chemical  Founda- 
tion, for  he  is  an  honest  man,  with  no  thought  except  the  safety 
of  his  country. 

I  shall  not  discuss  upon  this  occasion  the  wisdom  or  the  un- 
wisdom of  the  policy  adopted  by  the  last  administration  in  the 
handling  of  the  patents  covering  the  dyes  through  the  Chemical 
Foundation  as  trustee;  that  is  not  a  part  of  this  discussion;  but 
I  know  full  well,  if  I  know  anything  about  the  psychology  of 
this  situation,  that  the  attack  upon  the  Chemical  Foundation 
had  a  most  material  influence  upon  the  votes  cast  on  the  ques- 
tion of  the  tariff  on  dyestuffs.  It  is  for  that  reason  that  I  de- 
plored it  at  the  time,  although  not  publicly,  for  I  had  no  oppor- 
tunity to  do  so,  but  I  deplore  it  now.  It  is  not  the  question 
at  issue. 

Mr.  President,  as  I  said  in  my  opening  sentence,  I  feel  deeply 
on  this  question.  I  believe  that  there  is  involved  in  it  one  great 
issue:  America  safe  against  attack  from  without  and  safe  in  the 
matter  of  public  health,  or  America  dependent  upon  some 
outside  power  and  influence  in  the  matter  of  its  self-defense  and 
in  the  matter  of  its  public  health. 

This  organic  chemical  industry  lies  at  the  bottom  of  nearly 
everything  we  use.  I  firmly  believe  that  the  progress  of  the 
race  from  now  on  will  be  measured  more  by  the  progress  in 
organic  chemistry  than  in  any  other  human  effort.  I  believe 
that  in  organic  chemistry  lies  the  solution  of  the  secrets  of  the 
past  and  of  the  future.  I  believe  that  its  establishment  and 
maintenance  in  this  countrv-,  even  under  an  embargo,  mean  the 
happiness,  the  progress,  and  the  security  of  100,000,000  people. 
No  rate  of  duty  will  frighten  me  and  no  embargo  will  frighten  me. 

I  notice  that  England  has  put  an  embargo  against  the  impor- 
tation of  dyestuffs.  I  notice  that  France  has  done  the  same 
thing.  I  notice  that  Italy  has  done  the  same  thing.  I  notice 
that  Japan,  if  she  has  not  already  done  so,  is  about  to  do  so. 
They  have  awakened  to  the  significance  and  the  importance  of 
organic  chemist  r>-.  I  pray  that  the  time  will  come  when  Ameri- 
can public  opinion  will  come  to  an  appreciation  of  what  organic 
chemistry  means,  of  what  research  means,  in  the  way  of  progress. 
We  have  been  interested  as  a  people  in  the  development  of 
material  resources — the  digging  of  iron  and  coal  from  the  ground, 
the  raising  of  crops  upon  the  surface,  and  the  engaging  in  trans- 
portation and  other  forms  of  commercial  effort.  As  a  people 
we  have  paid  little  attention  and  given  little  encouragement 
to  scientific  research,  but,  Mr.  President  and  Senators,  the 
progress  of  the  future  depends  upon  scientific  research.  It  is 
the  man  working  in  the  chemical  laboratory  who  is  to  blaze  the 
way  for  human  progress. 
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I  want  to  see  the  chemical  laboratories  of  this  country  multi- 
plied asain  and  again.  They  cannot  be  multiplied,  they  can- 
not be  maintained,  no  student  will  attempt  to  attend  their 
courses  unless  there  is  a  chemical  industry  in  which  those  stu- 
dents upon  graduation  may  find  a  career. 

The  two  things — research  in  the  laboratory  and  the  successful 
conduct  of  a  chemical  industry — go  hand  in  hand.  Neither  can 
proceed  without  the  other. 

I  regret  that  the  Senate  voted  down  the  selective  embargo. 
I  think  it  made  a  mistake.  I  was  in  the  minority  upon  that 
proposition.  That  is  my  first  choice  as  a  remedy.  The  Senator 
from  New  Mexico  (Mr.  Bursum)  has  offered  an  amendment 
which,  in  my  judgment,  is  next  best.  It  will  give  some  chance, 
at  least,  for  the  survival  of  this  industry  of  ours,  which  already 
bids  fair  to  be  able  to  meet  the  demands  of  our  people,  although 
it  has  only  been  devoted  to  its  task  for  three  or  four  years,  and 
research  was  almost  unknown  in  this  country.  I  think  that 
industry  will  get  a  decent  chance  to  survive  under  the  amend- 
ment offered  by  the  Senator  from  New  Mexico.  Feeling  as  1  do 
upon  this  question,  feeling  that  it  is  vital  to  the  security  and 
the  happiness  and  the  contentment  of  this  great  Nation,  I  beg 
for  its  adoption. 

Senator  Lodge  of  Massachusetts,  after  questioning  Senator 
Smoot  regarding  the  time  required  for  making  investigation  on 
comparative  costs  in  the  United  States  and  elsewhere,  spoke 
briefly  but  with  great  emphasis  and  finality: 

Mr.  Lodge:  I  have  here  a  letter  dated  August  16  from  the 
Tariff  Commission,  which  I  shall  ask  to  have  printed  in  the 
Record,  and  in  which  this  statement  is  made: 


Tht  time  required  for  such  an  investigati 
experience  Rained  in  other  chemical  investigation 
from  8  to  10 


is  uncertain,  but  from 
!c  believe  it  will  require 
ths  to  make  a  satisfactory  report  on  the  subject. 


During  those  8  or  10  months,  of  course,  the  dyes  would  come  in. 

Mr.  President.  I  did  not  mean  to  enter  into  this  discussion. 

I  took  no  interest  whatever  in  the  matter  of  rates  or  whether 


we  keep  out  all  other  dyes  or  not.  I  have  but  one  single  interest 
in  the  question,  which  is  derived  from  some  years  of  experience 
in  the  Senate.  1  endeavored  back  in  1909,  in  conjtmction  with 
the  Senator  from  Utah,  to  get  some  protection  which  would 
tend  to  give  us  an  independent  chemical  production.  We  failed. 
We  got  into  the  war.  We  had  no  chemists  who  could  furnish  us 
with  explosives  and  later  with  the  gases.  It  was  the  same  in 
England,  which  was  then  believing  in  the  phantom  of  free  trade. 
She  found  herself  in  the  same  condition.  No  one  can  possibly 
tell  what  that  disadvantage,  which  weighed  down  upon  both 
England  and  the  United  States,  cost  us  in  men,  money,  and 
time  in  the  winning  of  the  war.  1  made  up  my  mind  that,  so 
far  as  I  was  concerned,  I  would  use  every  effort  in  my  power 
to  see  that  the  United  States  was  never  left  again  defenseless 
in  that  way. 

I  voted  for  the  embargo  when  it  was  proposed  by  the  Demo- 
cratic Party.  1  voted  for  it  during  the  war.  I  continued  to 
vote  for  it  when  it  was  continued  when  the  Democratic  Party 
had  not  yet  gone  out  of  power.  I  voted  for  it  for  the  sole  reason 
that  I  wished  tlie  country  to  be  independent  in  the  matter  of 
organic  chemistry.  No  matter  what  it  may  cost,  it  is  some- 
thing that  is  worth  any  price  they  choose  to  pay  to  make  the 
country  independent  in  that  direction. 

Mr.  President,  I  voted  for  it  again  for  the  same  reason.  It 
does  not  weigh  with  me  that  the  dyes  can  come  in  at  this  price 
or  can  come  in  at  another  price.  I  want  to  do  what  the  other 
cotmtries  have  done  who  have  learned  something  from  their 
experience.  I  want  this  country  to  see  to  it,  by  tariff  or  em- 
bargo or  in  any  other  way,  that  organic  chemistry  in  the  United 
States  is  put  in  a  position  where  we  shall  never  find  ourselves 
in  the  condition  in  which  we  were  before.  I  am  speaking  not 
in  the  interest  of  any  industry.  I  have  not  been  approached  by 
anybody  representing  an  industry  in  that  respect.  I  know  the 
interests  that  are  here.  1  have  heard  of  the  representatives 
of  the  German  importing  interests  rejoicing  in  the  lobbies  here 
when  the  embargo  was  beaten  the  other  day.  I  have  taken  this 
long  interest  in  it  for  these  years  for  but  one  reason,  and  I  vote 
for  this  provision  to-night  for  but  one  reason,  and  that  is  national 
defense  and  safety. 


Chemistry  Courses  at  College  of  the  City  of  New  York 

The  members  of  the  Evening  Session  Chemical  Society  of  the 
College  of  the  City  of  New  York  would  like  to  call  the  attention  of 
chemists  and  students  of  chemistry*,  who  wish  to  increase  their 
knowledge  of  the  subject,  to  the  excellent  opportunities  offered 
evenings  by  the  Chemical  Department  of  the  College.  Courses 
are  given  leading  to  the  degrees  of  B.S.  and  Ch.E.  Besides  these 
degrees,  a  special  departmental  certificate  is  given  to  students 
who  desire  chemical  knowledge  only.  To  receive  this  certificate 
the  student  must  complete  Courses  1,  2,  3,  4,  11,  20,  .33,  44,  50,  n5, 
and  70,  with  an  average  uf  SO  per  cent,  and  make  a  satisfactory 
report  on  some  research  problem  the  student  has  worked  on 
Chemislr)'  100.  Thus,  this  certificate  indicates  that  the  holder 
has  a  knowledge  of  the  main  branches  of  chemistry-  (with  a  very 
good  scholarship  rating)  and  some  practice  in  research  and  should 
be  of  great  value  to  any  man. 

The  following  courses  will  be  given  this  fall : 

ClIKMISTRY     1-2.       GKNgRAL     DUSCRIPTIVIi     CuBUISTRV.       6    hours    per 

week       2  terms.     Laboratory  deposit  510  per  term. 

CnKMi.sTsr  3.  Qijautativs  Analysis.  7  hours  per  week.  1  term. 
Laboratory  deposit  512. 

Chrmistrv  l  QUANTITATIVB  ANALYSIS.  8  liours  per  iveek.  1  term 
Laboratory  deposit  512. 

CiiSMiSTRY  20.  Physical  Ciikmistrv.  7  hours  per  week.  1  term. 
Laboratory  iteposit  5S. 

Ciikmistrv  33.  Advanckd  Qualitativb  Analysis,  mainly  on  rare 
clement.1.      12  hours  per  week.     1  term.     Lal>oratory  deposit  514. 

Cuuxistky  41.  Advanchd  Quantitativb  Analysis.  12  hours  per 
week.      I  term.      Laboratory  deposit  514. 

CiiKuisTRv  .'>0.  Organic  Ciibuistry.  Aliphatic  Compounds.  7 
hours  per  wc«.-k.      I  term.     Laboratory  deposit  515. 

Ciikmistrv. 'i.'i.  Organic  CiiiiMiSTRV.  Aromatic  CoMPot;NDS.  8  hours 
per  week.     1  term.     Liborntory  deposit  520 

Besides  these  regular  courses,  two  or  possibly  three  special 
courses  of  interest  to  specialist  and  graduate  student  will  be 
announced  as  follows: 

Chsmistrt  L'>9.  Pood  Inspkction  amd  Analysis.  Dr.  Brcithut. 
Special  practice  in  analysis  of  food  products  and  drugs — as.  milk,  butter, 
cereals,  beverages,  etc  ,  the  sale  of  which  is  controlled  by  the  city.     Occa- 


sional lectures  and  excursions  in  cooperation  with  the  Food  and  Drug  In- 
spection Laboratory  of  the  Department  of  Health. 

Chemistry  2G9.  Economics  of  Chemistry.  5  hours;  lectures, 
library  and  seminar.  Fee  512.50.  Dr.  Breithut.  The  economics  of  pro- 
duction and  distribution  of  chemical  products,  sources  of  new  material, 
sources  of  energy,  and  conservation  of  waste.  Study  of  consular  reports  and 
use  of  the  Wolcott  Gibbs.  Chemists'  Club,  and  New  York  City  Libraries. 

Chemistry  146.  Technical  Analysis.  8  hours  of  laboratory. 
(To  be  announced.)  Analysis  of  coal.  soap,  paint,  lubricating  oils,  greases, 
cements,  asphalt,  and  other  materials  purchased  by  the  city. 

To  students  pursuing  a  degree,  there  is  no  tuition  charge. 
Others  will  have  to  pay  at  a  rate  of  ?2.50  per  hour  per  week  each 
term.  For  example,  a  3-hour  a  week  subject  costs  57.50  per 
term.  Further  information  may  be  obtained  by  writing  to  the 
Evening  Session  Office.  Room  226,  College  of  the  City  of  New 
York,  Convent  Ave.  and  140th  St.,  New  York  City.  Registra- 
tion for  the  fall  starts  Monday,  September  18,  at  7:00  p.m. 
First  recitation,  September  28.  Students,  especially  for  the 
special  courses,  are  advised  to  register  early,  as  these  courses 
must  have  a  certain  minimum  of  students  in  order  to  be  given. 


INIotioi)  Picture  Fihn  Service 

It  has  frequently  been  brought  to  the  attention  of  This  Journal 
that  professors,  instructors,  and  others  want  to  use  moving 
picture  films  for  instruction  and  for  entertaining  on  many 
occasions,  but  are  not  familiar  with  the  sources  of  obtaining 
films  to  suit  their  needs.  Therefore,  it  is  proposed  to  devote  a 
small  space  each  month  to  listing  films  which  may  prove  of  in- 
terest and  value  to  our  readers,  including  information  as  to 
source,  terms,  etc.  We  plan  to  begin  this  service  with  the 
November  issue,  and  hope  tliat  it  may  i)rove  to  be  of  material 
assistance. 


I 


The  Union  Sulphur  Company  has  bought  from  the  Texas 
Exploration  Company  the  sulfur  deposits  at  Damon  Mound, 
Texas,  comprising  about  215  acres  estimated  to  contain  over 
14,000.000  tons  of  sulfur,  and  is  to  build  complete  milling,  refin- 
ing, and  terminal  plants. 
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AMERICAN  CONTKMPOHARIKS 


Beginning  with  ihis  issue  we  shall  occasionally  publish  intimate 
sketches  of  our  prominent  American  contemporaries  in  chemistry. 
This  plan  hus  been  inaugurated  in  response  to  the  wishes  of  our 
younger  people  who  have  had  no  opportunity  to  know  the  person- 
ality of  many  men  whose  names  are  familiar  to  all  chemists. 

These  sketches,  then,  will  be  short  statements  intended  to  portray 
something  of  the  kind  of  men  these  chemists  are,  what  they  set  out 
to  do,   and  a  little  of  what  trend  their  life's  work  has  taken.      We 


wish  you  could  meet  and  talk  with  all  these  folk  who  haoe  had 
such  a  guiding  influence  upon  our  science  in  America  I  But  that 
may  not  be  possible,  and  so  we  hope  these  sketches,  prepared  by 
close  friends  for  us,  may  in  some  measure  meet  the  need.  The  list 
has  been  made  up  with  the  help  of  our  staff  correspondents,  hut 
may  be  considerably  extended.  i  j 

Make   it  a  point  to  meet  these  men  of  chemistry  through  our 
pages  if  you  cannot  in  person,      IliDiTOR.) 


Charles  Frederick  Chan- 
dler^ — Dean  of  Ameri- 
can Chemists 

Professor  Chandler  is  the  original 
exponent  of  the  strenuous  life.  He 
was  living  a  strenuous  life  as  a  professor 
in  Union  College  and  in  preparation  for  his 
distinguished  career  as  a  chemist,  the  year 
Theodore  Roosevelt  was  bom. 

Charles  Frederick  Chandler  was  born  in 
Lancaster,  Mass.,  December  6,  1836.  He 
came  from  good  old  New  England  stock, 
attended  the  public  schools  in  Lancaster 
and  New  Bedford,  and  studied  at  Law- 
rence Scientific  School,  Han,-ard.  Ambi- 
tious to  become  a  chemist  and  endowed 
by  inheritance  with  Yankee  pluck,  he  went 
to  Europe  on  a  sailing  ship  in  the  early 
fifties  to  continue  his  studies  under  the 

great  masters:  Hosford,  Wohler,  Gustave  and  Heinrich  Rose, 
Weber,  Dove,  and  Magnus  A  doctor  of  philosophy  from 
Gottingen,  and  a  full  professor  in  Union  College,  at  the  age 
of  twenty-one! 

The  day  after  he  cast  his  vote  for  Abraham  Lincoln,  Professor 
Chandler  joined  Professor  Egleston  and  General  Vinton  in  New- 
York,  to  estabhsh  what  is  now  the  School  of  Mines,  Engineering, 
and  Chemistrj',  Columbia  llniversity.  He  served  this  great 
institution  as  professor  of  chemistry  for  forty-six  years,  and  as 
administrative  dean  of  the  school,  for  thirty-three  years.  He 
led  its  development  from  a  vacant  room  in  the  basement  of  the 
old  Columbia  College  in  Forty-ninth  Street,  to  the  present  great 
architectural  group  of  laboratories  at  Momingside  Heights,  and 
placed  its  graduates  in  charge  of  mining,  manufacturing,  trans- 
portation, and  construction  enterprises  in  every*  quarter  of  the 
world. 

Professor  Chandler's  educational  achievements  were  not 
limited  to  the  School  of  Mines.  His  genius  was  directed  to 
building  up  the  College  of  Physicians  and  Surgeons,  which  he 
served  as  professor  of  physics  and  chemistry,  and  the  New 
York  College  of  Pharmacy,  as  professor  of  chemistry,  and  finally 
as  president. 

Yet  his  energy  and  versatility  were  not  at  an  end.  His 
greatest  pubUc  service  was  in  the  apphcation  of  his  scientific 
knowledge  and  genius  for  organization  to  public  welfare  and 
health.     As  chemist  and  fitnally  as  president  of  the  New  York 


C.  F.  Chandler 


Board  of  Health,  he  investigated  and 
regulated  gas  nuisances,  offensive  trades, 
sludge  acid  pollution,  city  slaughter 
houses,  water  and  milk  supplies,  adulter- 
ated foods  and  drugs.  He  reformed  tene- 
ment house  plumbing,  improved  ventila- 
tion, reorganized  street  cleaning,  and 
established  the  system  of  visiting  physi- 
cians and  free  vaccination.  He  was  a 
pioneer  in  pure  food  and  drug  legislation. 

Dr.  Chandler  is  America's  first  and 
most  distinguished  industrial  chemist.  His 
expert  knowledge  and  advice  made  him 
an  important  factor  in  the  building  up  of 
the  sugar,  petroleum,  gas,  photochemical, 
textile,  electrochemical,  chlorine,  alumin- 
ium, and  many  other  notable  American 
industries.  He  invented  and  introduced 
the  assay-ton  system  of  weights  used  in 
every  smelter  in  America.  The  title, 
"Dean  of  American  Industrial  Chemists," 
is  his  by  unanimous  consent. 

Professor  Chandler  is  the  recipient  of  many  honors,  official, 
academic,  public,  and  professional.  He  has  represented  the 
federal  government  on  many  important  commissions.  He  has 
received  honorary  degrees  from  numerous  colleges,  including  an 
anniversary  degree  from  Gottingen,  and  that  of  Doctor  of  Science 
from  Oxford.  He  is  a  member  of  the  National  Academy  of 
Sciences,  past  president  of  the  American  Chemical  Society,  The 
Chemists'  Club,  and  the  Society  of  Chemical  Industry.  Last 
and  most  important  of  all,  he  is  the  recipient  of  the  Perkin 
Medal  "for  such  valuable  contributions  to  appUed  chemistry 
that  he  has  placed  the  entire  world  in  his  debt,  and  brought 
added  prestige  and  dignity  to  the  profession  of  which  he  is  such 
a  conspicuous  ornament." 

Twelve  years  ago,  when  Doctor  Chandler  retired  from  Colum- 
bia, he  stated  that  "it  is  much  better  to  withdraw  from  active 
seri-ice  while  one  is  in  the  full  enjoyment  of  health  and  strength, 
than  wait  until  the  infirmities  of  age  make  it  evident  to  all  that 
one  has  outUved  his  usefulness."  Fortunately  for  the  chemical 
profession  and  its  industrial  dependents,  this  condition  has  not 
yet  arisen.  Professor  Chandler  may  be  found  to-day  at  his  desk 
in  the  offices  of  the  Chemical  Foundation,  or  at  his  library, 
actively  and  enthusiastically  giving  the  touch  of  a  master  hand  to 
the   technical   problems   of   American   industries. 

M.  C.  Whitaker 
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SCIENTIFIC   SOCIETIES 


A.  ('.  S.  Division  and  Section  Mcolings 

DIVISION  or  AOEICULTUEAL  AND  FOOD  CHEMISTRY 

The  symposium  on  "Edible  Fats  and  Oils,"  conducted  jointly 
with  the  Division  of  Biological  Chemistry,  was  a  great  success. 
The  first  portion,  on  the  manufacturing  and  technical  phases  of 
the  subject,  was  presided  over  by  David  Wesson,  while  that  of 
a  biological  and  physiological  nature,  presented  in  the  afternoon, 
was  conducted  by  R.  Adams  Dutcher.  The  papers  on  rancidity 
promoted  much  discussion.  The  two  papers  on  the  effect  of 
shortening  as  used  in  the  baking  industry  were  much  appre- 
ciated. The  five  papers  on  the  biological  study  of  the  subject 
drew  large  audiences,  about  90  being  present  at  times.  Seven 
papers  on  the  program  were  read  by  title  only,  because  of  ab- 
sence of  the  authors  or  incompleteness  of  the  investigations. 

At  the  next  meeting  of  the  Division  a  symposium  on  "Insecti- 
cides and  Fungicides"  will  be  held,  and  one  year  hence  it  is 
planned  to  have  a  joint  symposium  with  the  Fertilizer  Division 
on  "Fertilizer  and  Crops." 

The  officers  for  next  year  are: 

Chairman:     H.  A.  NovBS. 

Vice  Chairman:     R.  H.  Ca»r 

Secretary:     C.  S.  Brintok. 

Executive  Committee:     T.  J.  Bryan,  H.  F.  Zollbr. 

C.  S.  Brinton,  Secretary 


were  so  successful  that  many  expressed  the  hope  that  others,  on 
equally  timely  subjects,  might  be  arranged  for  future  meetings. 

Of  special  interest  to  all  members  of  this  Division  is  the  an- 
nouncement of  C.  J.  West,  of  the  National  Research  Council, 
Wa.shington,  D.  C,  that,  through  the  courtesy  of  the  publishers 
of  the  various  cellulose  and  paper  magazines  of  the  world,  he  is 
in  a  position  to  loan  to  members  of  the  Cellulose  Division  current 
copies  of  practically  any  pulp  and  paper  magazine,  as  well  as 
articles  on  cellulose.  He  also  offered  to  furnish  photostat 
copies  of  practically  any  article  on  cellulose  chemistry  or  pulp- 
and  paper-making  since  1909.  This  is  a  very  generous  offer 
and  much  appreciated  by  the  members  of  the  Division. 

The  Viscosity  Committee  of  the  Cellulose  Division  reported  a 
method  for  the  determination  of  the  viscosity  of  cellulose  ester 
solutions.  This  method  was  adopted  as  the  tentative  standard 
method  of  the  Division.  The  details  will  be  published  in  This 
Journal  and  it  is  hoped  that  a  number  of  laboratories  will 
report  on  the  actual  working  of  the  method  at  the  next  meeting. 

The  officers  elected  for  the  Division  are: 

Chairman:     G.  J.  Esselen,  Jr. 

Vice  Chairman:     L.  E.  Wise. 

Secretary-Treasurer:     h.  F.  Hawley. 

Executive  Committee:     Harold  Hibbbrt,  J.  F.  Waits. 

G.J.  EssELEN,  Jr.,  Secretary 


DIVISION  OF  BIOLOGICAL  CHEMISTRY 

On  Wednesday  this  Division  joined  with  the  Division  of 
Agricultural  and  Food  Chemistry  in  a  symposium  on  "Edible 
Fats  and  Oils."  The  report  of  this  very  interesting  symposium 
will  be  found  in  the  report  of  the  Division  of  Agricultural  and 
Food  Chemistry. 

As  Chairman  H.  B.  Lewis  was  unable  to  attend  the  meeting. 
Secretary  J.  S.  Hughes  presided  at  the  Thursday  session  and 
J.  F.  Lyman  was  elected  secretary  pro  tern.  At  this  session  21 
of  the  .31  papers  listed  on  the  program  were  presented  and  dis- 
cussed, the  remaining  papers  being  presented  by  title. 

The  following  officers  were  elected  for  next  year: 

Chairman:    J.  S.  Hughes. 
Secretary:     W.  V    BoviB. 

Executive  Commillee:     H.   B.  Lewis,   Chairman,    A.  W.   Dox,  D.  B 
JON8S,  A.  R.  Lamd,  J.  F.  Lyman. 

J.  S.  Hughes,  Secretary 


DIVISION  OF  DYE  CHEMISTRY 

The  meeting  opened  with  a  symposium  under  the  leadership 
of  R.  E.  Rose,  on  the  subject  of  "Standardizing  and  Testing  of 
Dyes."  As  a  result  of  the  discussion  in  this  symposium  a 
committee  was  appointed  to  consider  the  best  methods  of  secur- 
ing uniformity  and  correctness  of  results  in  testing  of  dyes  as 
an  aid  to  both  manufacturer  and  user.  R.  E.  Rose  is  chairman 
of  this  committee,  and  the  other  members  are:  L.  A.  Olncy, 
W.  M.  Scott,  J.  Merritt  Matthews,  and  J.  A.  Ambler. 

The  regular  program  included  papers  on  the  manufacture, 
properties,  and  application  of  dyes.  M.  L.  Crossley's  paper 
on  the  relation  of  chemical  constitution  and  color  attracted 
considerable  attention. 

Officers  for  the  ensuing  year  were  elected  as  follows: 

Chairman;     W.  J.  Hai,8. 

Vice  Chairman:     R.  E.  RosB. 

Secretary:     R.  Norris  Shrsvb. 

Executive  Commillee:     L.  A,  Olnsy,  L.  F.  Johnson. 

R.  Norris  ShrevE,  Secretary 


DIVISION  OF  CHEMISTRY  OF  MEDICINAL  PRODUCTS 

In  addition  to  the  regular  proj;ram  of  the  Division,  a  sympo- 
sium on  "Development  of  .\merican  Synthetic  Medicinals"  was 
held.  The  papers  and  discussions  in  the  course  of  this  sympo- 
sium indicated  the  rapid  strides  being  made  to  establish  a  purely 
American  medicinal  chemical  industry,  not  only  by  developing 
the  manufacture  of  substances  already  known,  but  by  producing 
new  superior  products  as  well. 

After  the  meeting  program  the  following  officers  were  elected: 

Chairman:     Ed<3ar  B.  Carter. 

Secretary:     E.  H.  Volwilbr. 

liteculite  Committee:     C.  E.  Caspari,  Olivsr  Kahh. 

E.  H.  VOLWILER,  Secretary 


DIVISION  OF  CELLULOSE  CHEMISTRY 

The  Cellulose  Section  was  given  definite  status  as  a  Division 
and  the  first  meeting  on  the  new  basis  proved  to  be  of  unusual 
interest.  Wednesday  afternoon  was  devoted  to  a  symposium 
on  "The  Nature  of  Wood  Cellulose."  The  discussion  was 
particularly  spirited  and  participated  in  by  a  large  number  of 
members.  The  symposium  on  "The  Adsorption  of  Salts  by 
Cellulose"    also    aroused    much    interest.     These    symposiums 


DIVISION  OF  FERTILIZER  CHEMISTRY 

A  special  symposium  had  been  arranged  to  bring  out  the  mod- 
ern trend  in  all  branches  of  the  fertilizer  industry  in  the  following 
directions:  (1)  Fertilizer  Plant  Construction;  (2)  Fertilizer  Plant 
Operation;  (3)  Chemical  Control  in  the  Fertilizer  Industry; 
(4)  State  Fertilizer  Control;  (5)  Fertilizer  Legislation;  (6)  Fer- 
tilizer Experimentation. 

These  papers  described  in  an  interesting  manner  the  part 
chemistry  has  played  in  reaching  the  present  high  development 
of  the  fertilizer  industry,  the  largest  of  the  heavy  chemicals 
industry.  While  it  might  at  first  seem  that  plant  construction 
and  operation  are  out  of  place  in  such  a  program,  such  is  not  the 
case  as  the  relation  between  the  type  of  construction  and  the 
operation  and  the  method  for  the  chemical  control  of  such 
operation  is  very  close  and  interdependent. 

Several  papers  were  presented  on  methods  of  analysis  for  the 
determination  of  phosphoric  acid,  nitrogen,  and  potash.  Many 
of  the  possible  errors  in  the  application  of  these  methods  were 
discussed,  together  with  precautions  necessary  to  avoid  them. 

Several  papers  described  and  discussed  fertilization  experi- 
ments, the  action  of  fertilizers  in  the  soil  and  the  relation  of 
fertilizer  to  plant  composition. 

Some  of  the  effects  of  the  rational  use  of  fertilizers,  such  as 
larger  yields  and  better  quality  of  crop,  especially  fruits, 
were  described.     It  is  becoming  more  apparent  that  the  best 
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results  in  the  use  of  fertilizers  are  obtained  from  the  use  of  sufll- 
cicnt  quantities  of  properly  balanced,  high-srade,  complete 
fertilizers. 

The  officers  of  this  Division  were  reelected  for  the  ensuing 
year. 

H.  C.  Moore,  Secretary 


DIVISION    OF    INDUSTRIAL    AND    ENQINEERINQ    CHEMISTEY 

The  nieeting  of  the  Division  was  distinguished  by  two  sympo- 
siums in  addition  to  the  general  papers,  and  a  special  discussion 
of  Mr.  Midglcy's  paper.  The  first  symposium  was  upon  "Auto- 
matic Process  Control,"  the  chairman  of  which  was  L.  W. 
Parsons. 

The  second  symposium  was  upon  "Combustion,"  and  was 
under  the  auspices  of  the  Division's  new  offspring,  the  Section  of 
Gas  and  Fuel  Chemistry,  with  R.  T.  Haslam  as  chairman.  With- 
out doubt  it  was  the  most  interesting  and  instructive  symposium 
of  the  meeting.  Further  details  concerning  this  symposium  are 
reported  by  the  Section  of  Gas  and  Fuel  Chemistry. 

Thursday  morning  the  Division  discussed  Midgley  and  Boyd's 
paper  entitled  "The  Chemical  Control  of  Ga.seous  Detonation 
with  Particular  Reference  to  the  Internal-Combustioti  Engine." 
Keen  interest  in  this  subject  was  manifested  and  the  discussion 
lasted  nearly  an  hour.     (See  p.  894,  this  issue.) 

The  general  papers  covered  nearly  every  phase  of  industrial 
chemistry.  The  grade  of  the  papers  was  of  a  ver>'  high  standard, 
and  the  frequent  discussion  showed  that  the  authors  were 
stimulating  thought  in  their  hearers. 

The  present  active  committees  were  continued. 

The  title  of  the  symposium  for  the  spring  meeting  at  New 
Haven  has  not  been  decided  upon  as  yet.  "Agitation"  has  been 
suggested  as  a  subject. 

The  attendance  at  the  sessions  of  the  Division  was  large.  It 
reached  as  high  as  350  and  was  considerably  over  100  most  of 
the  time. 

The  following  officers  were  elected: 
Chairman:     D.  R.  Sperby. 
Vice  Chairman:     W.  A.  Peters,  Jr. 
Secretary:     E.  M.  Billings. 

Executive  Committee:     W.   F.   Hillebhand,   Edward  Malunckrodt, 
Jr.,  F.  M,  De  Beers,  A.  Silverman,  H.  R.  Moody,  C.  E.  Coaxes. 

E.  M.  Billings,  Secretary 


DIVISION  OF  LEATHER  CHEMISTRY 

The  fourth  meeting  of  this  group  had  a  program  of  24  papers, 
all  of  which  were  read.  In  addition  to  the  papers  mentioned,  a 
contribution  was  received  from  Dr.  Edmund  Stiasny,  one  of  the 
most  prominent  leather  chemists  of  continental  Europe.  The 
keynote  of  the  program  was  the  development  of  the  fundamental 
principles  of  practical  leather  manufacture.  Beginning  with  a 
series  of  papers  on  unhairing  and  bating,  the  entire  processes  of 
both  chrome  and  vegetable  tanning  were  covered.  E-xplana- 
tions  were  given  of  the  mechanism  of  the  existing  processes, 
together  with  the  results  of  scientific  investigations,  leading  to 
the  development  of  new  processes  as  well  as  the  importance  of 
the  old  ones.  A  feature  of  the  program  was  the  gelatin  sympo- 
sium in  which  the  physical  chemistry'  of  gelatin  was  discussed. 
This  symposium  attracted  a  capacity  audience.  A  paper  by 
Dr.  Jacques  Loeb  resulted  in  considerable  discussion,  in  which 
Sheppard,  Bogue,  Davis,  and  Wilson  participated. 

The  following  officers  were  elected  for  the  ensuing  year : 

Chairman:     J.  Arthur  Wilson. 

Vice  Chairman:     Ch.^rles  S.  Hollander. 

Secretary:     Arthur  W.  Thomas. 

Executive  Committee:     F.  P.  Veitch,  C.  R.  McEeb. 

Arthur  W.  Thojlas,  Secretary 


DIVISION  OF  ORGANIC  CHEMISTRY 

Of  the  62  papers  on  the  program,  57  were  presented.  Because 
of  the  length  of  the  program,  the  presentation  of  papers  was 
limited  to  7  min.  and  the  discussion  of  each  paper  to  3  min.  The 
time  limits  were  enforced  with  the  aid  of  a  "kodak  timer.  "  The 
actual  time  taken  for  the  presentation  of  the  papers  and  dis- 
cussions was  8.5  hrs.  The  Division  voted  to  continue  the 
abstract  service  which  had  been  inaugtu-ated  this  year.     The 


cost  of  this  service  for  the  two  meetings  was  about  JlOO  for  400- 
members.  A  committee  was  appointed  to  consider  the  necessity 
and  desirability  for  changing  the  method  of  presenting  papers. 
It  was  dcciiled  that  it  would  be  inadvisable  to  make  any  change 
at  the  present  time.  It  was  also  decided  to  arrange  a  symposium 
on  some  suitable  subjects  for  the  New  Haven  meeting. 
The  officers  elected  for  192.3  were; 


Chairman. 
Secretory  i 


rK  C.  Whitu< 
:  Chairman: 


R.  R.  Runsiiaw 

Frank  C.  Whitmore,  Secretary 


DIVISION  OF  PHYSICAL  AND  INOROANIC  CHEMISTRY 

The  Division  of  Physical  and  Inorganic  Chemistry  held  four 
sessions  at  which  a  very  interesting  program  of  59  papers  was 
presented. 

After  considerable  discussion  it  was  voted  that  the  executive 
committee  be  instructed  to  consider  and  decide  before  the  New 
Haven  meeting  as  to  the  possibility  of  charging  SI  or  SI  .50  dues 
and  using  the  proceeds  to  send  brief  edited  abstracts  of  all  papers 
to  all  members  in  advance  of  the  meeting.  About  .30  members 
signified  their  desire  to  be  enrolled  on  this  basis.  All  those 
desiring  to  have  their  names  added  to  the  list  will  please  com- 
nmnicate  with  Secretary  Graham  Edgar,  at  the  University 
of  Virginia,  Charlottesville,  Va. 

A  committee  was  also  appointed  to  canvass  the  Division  for 
nominations  for  members  of  the  board  of  editors  of  the  new 
Journal  of  Physicul  Chemiitry.  After  receipt  of  their  detailed 
report,  a  list  of  names  was  recommended  to  the  Advisory  Com- 
mittee of  the  Society. 

The  following  officers  were  elected  for  the  coming  year: 

Chairman:     Robert  E.  Wilson. 
Secretary:     Graham  Edgar. 

Executive   Committee:     Farrington    Daniels.   G.    H.    Ellis,   Jahes 
Kend,vll,  E.  B.  Millard,  R.  G.  Van  Name. 

R.  E.  Wilson,  Secretary 


DIVISION  OF  RUBBER  CHEMISTRY 

The  Rubber  Division  had  without  doubt  the  most  interesting 
meeting  in  its  history.  The  attendance  was  never  below  100 
and  often  ran  as  high  as  140.  The  outstanding  features  were  the 
presentation  of  high-speed  hysteresis  data  on  rubber,  by  W.  W. 
Vogt,  and  the  partial  disruption  of  oiu-  present  theories  of  or- 
ganic acceleration  of  vulcanization,  by  F.  G.  Breyer.  Details 
of  a  machine  and  results  obtained  on  various  compoimds  were 
given  by  Mr.  Vogt,  which  showed  hysteresis  losses  in  rubber 
when  developing  from  40  to  400  cycles  per  minute.  This  is 
approximately  the  number  of  cycles  developed  in  an  automobile 
tire  running  from  4  to  40  miles  per  hour.  The  results  show 
variation  from  former  data  and  throw  light  on  the  physical 
beha-i'ior  of  rubber  in  tires.  Mr.  Breyer  presented  considerable 
data  on  the  relation  of  cure  to  particle  size  of  compounding  in- 
gredients. We  have  heretofore  considered  zinc  oxide  incapable 
of  acceleration,  but  attributed  a  good  reinforcing  effect  in  rubber 
to  its  use.  Well-established  data  given  by  Mr.  Breyer  show  that 
extremely  fine  zinc  oxide  is  a  fairly  rapid  accelerator,  and  when  an 
ordinary  organic  accelerator  is  used  in  conjunction  with  it,  the 
effect  of  the  organic  accelerator  is  merely  to  add  tensile  strength 
but  not  to  shorten  the  cure.  Interesting  data  on  the  structural 
reactions  of  organic  accelerators  were  presented  in  different 
papers  by  Bedford,  Scott,  Gray,  and  Sebrell,  as  well  as  other 
valuable  papers  dealing  with  the  influence  of  different  ingredients 
in  \Tilcauized  rubber. 

Committee  work  on  research  physical  testing  and  standard- 
ization of  chemical  analysis  is  being  continued,  both  committees 
presenting  reports  showing  fine  progress.  A  committee  con- 
sisting of  E.  B.  Spear,  N.  A.  Shepard,  D.  F.  Cranor,  C.  W. 
Sanderson,  and  H.  V.  Bloom  was  appointed  to  present  standard 
testing  formulas  to  the  Division  for  consideration. 

Officers  were  elected  as  follows : 
Chairman:     W.  B.  Wiegand. 
Vce  Chairman:     E.  B.  Spear. 
Secretary:     Arnold  H.  Smith. 

Executive  Committee:     C.  W.  Bedford,  D.  F.  Cranor.  G.  S.  Whitby^ 
H.  L.  Fisher,  N.  A.  Shepard. 

Arnold  H.  Smith,  Secretary 
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DIVISION  OF  3DOAB  CHEMISTRY 

In  the  absence  of  S.  J.  Osborn,  who  was  detained  by  illness, 
the  meeting  was  presided  over  by  F.  W.  Zerban,  vice  chairman 
of  the  Division.  The  session  as  a  whole  was  one  of  the  best 
the  Division  has  held.  The  attendance,  while  not  as  large  as 
at  some  previous  meetings,  was  good.  The  interest  manifested 
in  technological  papers  was  greater  than  usual  and  foreshadows 
an  increasing  activity  in  the  Society  by  the  technical  men  of 
the  industry.  The  program  covered  a  wider  range  of  subjects 
than  usual. 

Among  the  papers  presented  were  a  number  of  importance  in 
precise  analytical  sugar  work,  the  subject  of  reducing  sugars 
being  prominent.  The  subject  of  decolorizing  carbons,  recently 
of  importance  to  the  industry  as  a  whole,  was  given  considerable 
time  and  brought  out  much  discussion.  In  addition,  papers  on 
bacteriology,  factory  operation,  and  laboratory  apparatus  were 
presented. 

The  following  officers  were  elected  for  the  coming  year: 

Chairman:     W.  D.  HoknB. 
Vice  Chairman:     F.  W.  Zerban. 
Secretary:     Fredbrick  Bates 

Executive  Committee:     W.  B.  Newkirk,  C.  E   Co.\tes,  C.  A.  Browne, 
S.  J.  OsaoRN.  H.  E.  ZiTKOWSKi,  H   S.  Payne. 

Frederick  Bates,  Secretary 


DIVISION  OF  WATER,  SEWAGE,  AND  SANITATION 

The  varied  and  interesting  program  of  the  Division  of  Water, 
Sewage. 'and  Sanitation  was  presented  in  full,  each  paper  eliciting 
considerable  comment.  The  paper,  "Total  and  .Available  Cal- 
cium Hydroxide  in  Hydrated  Lime."  by  A.  S.  Behrman  and  F.  R. 
Porter,  which  introduced  the  special  topic  for  discussion,  namely, 
"Si)ecifications  for  Lime  for  Water  Treatment,"  was  especially 
well  received  and  developed  a  lively  consideration  of  the  whole 
subject  of  water  softening.  The  report  by  Neave  and  Buswcll, 
on  the  relative  value  of  stirring  vs.  compressed  air  in  the  treat- 
ment of  activated  sludge,  was  of  miusual  interest  and  served  as 
an  introduction  to  a  report,  illustrated  with  photographs,  by  Dr. 
Bartow  upon  his  observations  during  his  recent  luiropean  trip 
of  the  sewage  treatment  i)lants  at  Manchester,  Sheffield,  Bury, 
Strassburg,  and  Paris,  An  interesting  report  of  some  of  the 
results  of  the  inspection  of  commercial  foreign  and  domestic 
waters,  under  the  Federal  Food  and  Drugs  Act,  was  presented 
by  Sale  and  Skinner. 

The  officers  of  the  Division  were  reelected  for  the  ensuing  year. 

W.  W.  Skinner,  Secrelarv 


SECTION  or  CHEMICAL  EDUCATION 

The  Section  of  Chemical  Education  opened  with  an  attendance 
of  241  at  the  first  session.  W.  D.  Bancroft,  of  Cornell  Univer- 
sity, presented  the  first  paper  on  "Pandemic  Chemistry."  He 
strcs.scd  the  great  need  for  a  course  in  chemistry  intended  for 
men  who  wish  to  learn  something  about  the  subject  merely  as  a 
part  of  a  general  education,  and  briefly  outlined  such  a  course. 
He  said  that  Cornell  University  is  seriously  considering  starting 
a  course  on  Pandemic  Chemistry  when  the  new  laboratory  is 
finished. 

The  next  general  topic  of  the  "Correlation  of  High  School  and 
College  Chemistry"  was  opened  by  L.  W.  Matteni,  giving  the 
high  sch(K)l  standpoint,  followed  by  another  paper  from  the  col- 
lege's point  of  view  by  H.  N.  Holmes.  Lyman  C.  Newell  very 
keenly  analyzed  the  entire  forenoons  papers  and  discussions,  and 
pointed  out  the  difficulties  that  stand  in  the  way  of  a  proper 
correlation  of  high  school  and  college  chemistry.  He  believes 
that  the  two-course  plan  in  college  is  the  only  fair  one  for 
stuilints,  and  should  be  conducted  when  the  class  of  beginners 
numbers  7.5  or  more.  Dr.  Newell  stated  that  the  present  basis 
of  division  into  the  two-course  plan  was  not  satisfactory,  and 
suRgcsled  that  teachers  report  at  the  New  Haven  meeting  a 
new  basis.  It  was  voted  that  a  committee  of  seven  be  appointed 
to  study  the  proper  correlation  of  high  school  and  college  chem- 
istry and  report  their  findings  at  the  first  meeting  possible 

The  discussion  of  the  afternoon  centered  around  the  general 
topic,  "What  Chemistry  Shall  Be  Taught  in  Our  Professional 
Schools?"  L.  B.  Broughton  cited  the  chemical  requirements 
for  premedical  students  as  specified  by  the  American  Medical 
A.ssociation.     W.    F.    Rudd,    in    discussing   dental   chemistry. 


touched  upon  the  following  points:  first,  the  needs  of  freshmen 
students  in  chemisto'  in  those  dental  schools  requiring  only 
high  school  graduation  for  matriculation;  second,  the  needs  in 
those  schools  requiring  one  year  of  college  work  for  matricula- 
tion; third,  the  proper  correlation  of  dental  metallurgy  and  den- 
tal chemistrj'.  J.  C.  Krantz  described  a  method  for  the  corre- 
lation of  general  and  pharmaceutical  chemistry,  which  received 
the  applause  of  all  present.  C.  W.  Stoddart  outlined  an  inter- 
esting course  for  agricultural  chemistry  which  includes  qualita- 
tive chemistry,  agricultural  chemistry  including  possibly  organic 
chemistry  and  qualitative  analysis,  a  separate  course  in  organic 
chemistry,  and  a  course  in  quantitative  analysis  which  is  closely 
allied  with  agricultural  chemistry.  C.  W.  Cuno  discussed  the 
present  methods  of  teaching  qualitative  analysis  as  a  preliminary 
to  other  courses  in  chemistry.  Professors  Gomoy  and  Bartow 
opened  the  Thursday  morning  program  by  a  paper  entitled 
"An  E.xperience  with  the  General  Intelligence  Tests  in  Teaching 
Freshman  Chemistry."  They  showed  how  the  general  intelli- 
gence tests  had  a  definite  use  in  teaching  freshmen  chemistry, 
in  spite  of  the  fact  that  the  marks  of  the  student  and  the  general 
intelligence  ratings  do  not  always  have  a  close  comparison.  A 
motion  was  made  and  passed  that  a  symposium  on  tests,  includ- 
ing any  standardizing  test  in  chemistry,  be  held  at  the  New 
Haven  meeting. 

A  paper  by  B.  T.  Harvey,  Jr.,  gave  many  helpful  suggestions 
in  meeting  difticulties  involved  in  teaching  of  chemistry  in  negro 
private  schools.  H.  W.  Moseley  described  a  modified  Hulett 
apparatus  for  the  demonstration  of  the  volumetric  composition 
of  water,  and  also  a  simple  and  effective  ozonizer  for  lecture 
demonstration  purposes.  W.  L.  Estabrook  gave  a  development 
of  the  Student's  Laboratory  Bench,  including  a  demonstration 
of  his  apparatus.  He  also  described  two  small  wooden  kits 
provided  with  shelves  and  capable  of  holding  all  the  reagents, 
solids,  and  solutions  needed  in  qualitative  analysis,  designed  by 
L.  J.  Curtman  of  the  College  of  the  City  of  New  York.  R.  A. 
Baker  showed  how  the  teaching  of  the  electrochemical  series 
might  be  of  great  aid  in  the  teaching  of  chemistry.  E.  G. 
Mahin  gave  a  clear  idea  of  what  he  meant  by  the  "School- 
master and  the  Teacher." 

The  Thursday  afternoon  session  opened  with  Dr.  Silverman 
acting  as  chairman.  W.  A.  Noyes  gave  the  first  paper  on 
"Proper  Mjethods  of  Conducting  L^ndergraduate  Research."  He 
said  that  if  the  instructor  trained  the  student  in  proper  methods 
of  looking  up  chemical  literature  and  developed  jiersonal  initia- 
tive in  the  student,  he  had  done  much  for  the  student's  research 
career.  R.  E.  Rose  gave  an  extremely  well  worked  out  paper 
on  "The  Best  College  Course  for  the  Chemist."  His  paper  was 
such  a  radical  departure  from  the  course  generally  given  to  chem- 
ists that  the  Section  did  not  seem  to  be  ready  to  discuss  it.  This 
paper  will  undoubtedly  be  up  for  discussion  at  a  later  meeting 
when  we  will  all  have  had  time  to  read  the  article  in  full  and  think 
it  through.  J.  B.  Gamer  gave  the  last  paper  of  the  afternoon  on 
"The  Education  of  the  Chemist."  He  showed  in  a  very  clear 
and  convincing  way  that  personality,  mentality,  and  professional 
training  are  essential  elements  in  the  make-up  of  a  chemist. 
Dr.  Silverman  made  a  motion  that  the  Section  of  Chemical  Edu- 
cation hold  a  joint  meeting  with  the  Division  of  Industrial  and 
Engineering  Chemistry,  at  which  time  there  should  be  a  sympo- 
sium on  industrial  education.  The  motion  was  unanimously 
passed  and  the  Milwaukee  meeting  was  considered  the  best 
time  for  the  symposium.  The  Section  closed  with  the  feeling 
that  the  next  year  holds  much  of  value  for  all  those  interested 
in  chemical  education. 

Neii.  E.  Gordon,  Secretary 


MEETING  OF  ASSISTANT  EDITORS  AND  ABSTRACTORS  OF 
CHEMICAL  ABSTRACTS 

The  abstractors'  dinner  and  meeting  was  well  attended,  over 
forty  being  present.  It  was  held  at  the  Pittsburgh  Bureau  of 
Mines  Cafeteria.  The  feature  was  a  talk  by  the  former  editor, 
Austin  M.  Patterson,  who  emphasized  the  point  that  the  ab- 
stractors and  editors  should  feel  that  their  work  on  the  journal 
is  just  as  important  and  dignified  as  any  work  which  they  do 
in  their  laboratories.  Just  as  in  the  business  world  the  old  feel- 
ing is  disapi)earing  that  those  engaged  in  distribution  are  on  a 
lower  plane  than  those  who  are  producers,  so  also  in  the  field  of 
science  the  attitude  that  the  distributors  serve  a  less  important 
purpose  than  the  producers,  is  passing. 

Dr.  Edward  Harlow,  who  has  just  returned  from  Europe,  re- 
IJorted  fa\'orablc  comments  across  the  sea  on  the  work  of  the 
alistractors  of  Chemical  Abstracts. 

E.  J.  Crane 
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SECTION  OF  OAS  AND  FUEL  CHEMISTRY 

The  initial  nicetiiiK'  of  the  Section  of  Clas  ami  I'liel  Chemistry 
was  a  symposium  on  combustion  held  jointly  with  the  Division 
of  Industrial  and  luij^inceriug  Chemistry  under  the  chairmanship 
of  R.  T.  Haslam.  The  importance  of  eflicicncy  in  usins  our 
fuel  supply  was  emphasized  by  the  chairman,  who  pointed  out 
that  52.560,000.000  per  year  is  used  at  perhaps  10  per  cent 
efficiency,  so  that  even  a  small  percentage  increase  in  efliciency 
of  combustion  would  represent  a  very  great  saving  in  dollars 
and  cents. 

Four  of  the  papers  in  the  symposium  related  to  the  physical- 
chemical  ])rinciplcs  underlying  combustion  reactions,  developed 
from  a  semimathematical  point  of  view.  \V.  K.  Lewis  pointed 
out  that  the  essential  consideration  is  the  burning  of  coke  in  the 
fuel  bed  where  the  velocity  of  various  reactions  occurring  is  of 
dominating  importance.  K.  T.  Haslam  discussed  two  sets  of 
reactions:  (1)  those  occurring  in  simultaneous  combustion  of 
carbon  monoxide  and  hydrogen;  and  (2)  those  in  the  production 
of  water  gas. 

George  F.  Moulton  reported  on  the  extended  investigations 
of  that  institution  regarding  domestic  appliances  designed  for 
proper  control  of  the  combustion  of  gaseous  fuels.  A  similar 
discussion  of  the  problems  involved  in  the  burning  of  powdered 
coal  was  given  from  both  a  theoretical  and  practical  point  of 
view  by  Kreisinger  and  Blizard,  who  suumiarized  the  work 
done  by  the  Bureau  of  Mines  and  tlie  Combustion  Engineering 
Corporation. 

H.  C.  Dickinson  described  the  important  problems  which 
demand  consideration  in  a  study  of  combustion  in  engine  cylin- 
ders, pointing  out  the  striking  differences  between  reaction 
conditions  there  and  in  ordinar>'  burners  where  gas  or  oil  is  burned 
at  low  pressure. 

The  final  paper  of  the  program  was  by  J.  A.  Doyle  on  "Factors 
Governing  the  Selection  of  Fuels,"  with  particular  emphasis  upon 
the  importance  of  determining  the  cost  per  unit  of  the  finished 
product,  rather  than  simply  theoretical  efficiency  or  heating 
values. 

Besides  the  symposium,  16  papers  were  presented  at  the 
meeting  of  this  Section,  and  the  large  attendance  and  enthusiastic 
discussions  prompted  a  vote  of  the  Section  requesting  that  the 
officers  of  the  Society  authorize  a  continuance  of  the  session 
for  the  next  general  meeting.  It  is  estimated  that  over  100 
persons  were  present  at  the  meetings  of  the  Section,  approxi- 
mately 50  being  in  attendance  continuously  throughout  the 
entire  period. 

The  carbonization  of  coal  was  one  of  the  most  important 
general  subjects  considered.  H.  J.  Rose  described  the  new 
Becker  coke  oven,  indicating  the  important  increases  in  oven 
capacity  which  this  new  system  of  oven  heating  permits.  The 
same  author  discussed  the  new  electric  method  which  has  been 
developed  for  determining  the  by-product  yields  which  can  be 
expected  from  any  coal. 

A  paper  was  given  by  H.  J.  Rose  describing  a  system  of  im- 
pregnating the  cut  surface  of  a  coke  sample  with  a  mixture  of 
plaster  of  Paris  and  magnesia,  in  order  to  bring  out  the  delicate 
detail  of  structure. 

The  methods  of  utilizing  low-temperature  cokes  were  dis- 
cussed fully  by  H.  A.  Ciu-tis,  who  described  briefly  the  Carbocoal 
process  for  making  low-temperature  coke  material  which  is 
then  briquetted  with  pitch  and  made  into  a  smokeless  fuel 
which  behaves  much  like  anthracite  and  is  entirely  suitable  for 
domestic  use. 

Physical-chemical  studies  of  the  forms  of  siJfur  in  coke  indi- 
cate, according  to  A.  R.  Powell,  that  the  sulfur  exists  both  as  a 
solid  solution  and  as  free  sulfur  physically  adsorbed  by  the 
carbon,  as  well  as  in  the  form  of  ferrous  sulfide. 

The  thermal  efficiency  of  modem  regenerative  coke  ovens 
was  discussed  by  Wilson,  Forrest,  and  Herty  as  a  result  of  ex- 
tended plant  tests  from  which  complete  engineering  data  were 
obtained. 

The  constitution  of  coal  and  its  relation  to  the  storage  of 
coal  for  combustion  and  the  coking  of  coal  was  discussed  in  a 
series  of  five  papers  by  S.  W.  Parr,  T.  E.  Layng,  and  their  asso- 
ciates in  the  University  of  Illinois.  The  same  authors  describe 
a  method  for  determining  the  softening  point  of  coal  and  the 
temperature  at  which  the  softened  coal  again  solidifies  as  a  coke. 

Methods  for  the  examination  of  low-temperature  coal  tars 
were  reported  on  by  J.  J.  Morgan  and  R.  P.  Soule.  A  paper  by 
Weymouth,  Anderson,  and  Fay  described  a  new  apparatus  for 
determining  specific  gravity  of  gases  in  the  field.  The  utilization 
of  natural  gas  at  low  pressures  for  household  work  was  dis- 
cussed by  Miss  Anna  P.  Warren. 

J.  D.  Davis  described  a  new  retort  used  for  combustion  of 


coal  samples  lo  determine  (lircctly  available  hydrogen.  R.  T. 
Ha.slam  and  I,.  Harris  discussed  the  making  of  fuel  producer  gas 
from  powdered  coal  in  order  to  achieve  higher  over-all  elTiciencies 
from  fuel  used. 

R.  S.  McBridb,  Secretary 


SECTION  OF  HISTORY  OF  CHEMISTRY 

Chairman  C.  A.  Browne  in  his  introductory  remarks  described 
the  exhibit  of  books  on  alchemy,  medical  chemistry,  metallurgy, 
and  also  the  autograph  letters  and  documents.  This  exhibit 
of  books  included  Agricola's  "De  Re  Metallica,"  Emanuel  ,Swe- 
denborg's  "Rcgnuni  Subtcrraneum,"  Sir  John  Pettus'  "Fodinae 
Regales"  (1670)  and  "I'"leta  Minor"  (168.'j),  and  Albaro  Alonso 
Barba's  "Minerals  and  Metallurgy"  (1726).  Dr.  Browne  stated 
that  a  movement  was  already  on  foot  to  prepare  a  large  and 
elaborate  historical  exhibit  for  the  New  Haven  meeting. 

President  ICdgar  F.  Smith,  in  his  paper  on  "James  Cnrtiss 
Booth,  Chemist,"  called  attention  to  the  fact  that  he  was  one 
of  the  early  presidents  of  the  American  Chemical  Society. 
Aftir  giving  a  short  account  of  Booth's  student  life  at  the  Uni- 
versity of  Pennsylvania,  he  described  in  detail  Booth's  studies 
with  Wohler  and  Magnus.  Upon  his  return  to  Philadelphia, 
Booth  organized  a  student  chemical  laboratory  which  eventu- 
ally became  the  well-known  firm  of  Booth,  Garrett  &  Blair, 
Analytical  Chemists.  Booth  also  contributed  several  important 
reports  to  the  geology  of  Pennsylvania  and  Delaware.  In  fact, 
he  made  the  first  geological  surv^ey  of  Pennsylvania.  His 
greatest  contribution  to  chemistry  was  made  during  his  service 
as  Director  of  the  Mint  in  Philadelphia,  which  position  he  held 
until  his  death.  In  fact,  his  death  was  hastened  by  the  arduous 
labor  connected  with  the  development  of  the  processes  of  re- 
fining California  gold.  Besides  these  three  contributions  to 
education  and  science.  Booth  prepared  many  reports  for  the 
Franklin  Institute,  translated  a  French  chemistry,  Regnault's 
book  on  chemistry,  and  also  wrote  an  encyclopedia  of  chemistry. 

In  his  second  paper.  President  Smith  gave  a  vivid  account  of 
the  chemical  work  of  Richard  Watson,  the  Bishop  of  Llandaff,  and 
exhibited  his  portrait  and  autographed  letter  and  a  volume  of  his 
essays.  John  A.  Mathews  described  in  detail  the  development 
of  iron-making  in  the  colonies  from  the  first  iron  made  from 
iron  ore  in  Jamestown  in  1608  until  just  after  the  American 
Revolution.  In  his  paper  on  "Some  Relations  of  Early  Chemistry 
in  America  to  Medicine,"  Dr.  Browne  described  the  work  of 
John  \\'inthrop,  Jr.,  George  Stockey,  and  William  Beaumont. 
F.  B.  Dains,  in  "The  Early  History  of  Some  Experiments  in 
General  Chemistry,"  showed  that  many  of  the  experiments  per- 
formed are  really  very  old.  The  cartoons  of  van't  Hoff  shown 
by  Ralph  H.  McKee  epitomized  the  career  of  van't  HofT  in  a 
pleasing  manner.  Elton  R.  Darling  pointed  out  that  bromine 
was  produced  in  Pennsylvania  and  other  states  many  years  ago 
and  the  flourishing  industry  was  established  long  before  the 
present  one  in  Michigan.  Lyman  C.  Xewell's  letters  of  Da%T 
emphasized  the  striking  characteristics  of  the  famous  English 
chemist,  and  the  two  diplomas  signed  by  Dalton  brought  vividly 
to  the  audience  the  contributions  of  this  English  chemist  to  the 
atomic  theory.  The  unpublished  letter  of  Berzelius  interpreted 
by  Anton  R.'  Rose  revealed  the  versatility  of  the  great  Swedish 
chemist. 

The  ofiicers  of  the  Section  were  reappointed  and  are  makmg 
arrangements  for  the  New  Haven  meeting. 

Lyman  C.  Newell,  Secretary 


SECTION  OF  PETROLEUM  CHEMISTRY 

The  meeting  of  the  Petroleum  Section,  the  fourth  since  its 
organization  at  Rochester,  was  marked  by  a  large  attendance, 
the  steady  interest  of  technologists  prominent  and  influential  in 
the  petroleum  industry,  and  a  noticeable  awakening  of  attention 
from  chemists  identified  with  the  theoretical,  rather  than  the 
applied  science.  A  great  deal  of  interest  attached  to  the  activi- 
ties of  the  Section  in  promoting  research  on  petroleum,  and  the 
matter  was  discussed  thoroughly.  The  committee  appointed  at 
Birmingham  to  select  a  list  of  problems  for  immediate  attack 
and  to  cooperate  with  the  Research  Di\'ision  of  the  American 
Petroleum  Institute  reported,  and  was  instructed  to  consider  at 
once  means  for  starting  work  on  the  research  problems  on  a 
cooperative  basis.  It  is  hoped  that,  besides  the  direct  benefit 
resulting  from  the  solution  of  the  problems  attacked,  this  activ- 
ity of  the  Section  will  result  in  awakening  the  interest  of  chem- 
ists generally  in  the  field  of  petroleum  chemistry. 
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The  program  included  some  fourteen  papers  of  general  interest, 
a  symposium  on  "Lubrication  from  the  Chemists'  Viewpoint," 
and  a  discu*ion  on  the  origin  of  petroleum.  The  latter  consisted 
of  formal  papers  by  R.  R.  Somers  and  R.  Thiessen,  and  dis- 
cussion by  C.  F.  Mabcry  and  W.  H.  Emig.  The  papers  in  the 
lubrication  symposium  covered  the  chemical  composition  of 
lubricants,  the  mathematical  aspects  of  lubrication,  and  some 
practical  questions.  Unfortunately,  several  of  these  papers 
remained  unread  because  of  the  absence  of  the  authors.  There 
was  much  open  discussion. 

The  change  from  the  sectional  to  the  divisional  form  of  organi- 
zation was  authorized  at  this  meeting.  The  oflScers  elected 
under  this  authority  were: 

Chairman:     T.  G.  Dbldridce. 

Vict  Chairman:     R.  R.  Matthews. 

Secretary:     W.  A.  Grusb. 

Executive  Committee:     E.  W.  Dban,  W.  F.  Faracher. 

W.  A.  Gruse,  Secretary 
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CHAIRMEN  AND  SECBETARIES  OBOUP 

About  .35  chairmen  and  secretaries  met  at  three  o'clock  Thurs- 
day afternoon.  In  the  absence  of  W.  Lee  Lewis,  E.  C.  Franklin 
of  Leiand  Stanford  University  presided. 

Since  the  term  of  office  of  Professor  Lewis  had  expired,  it  was 
in  order  to  elect  a  presiding  officer  for  the  coming  year.  Pro- 
fessor Lewis  was  unanimously  reelected. 

The  Secretary  read  a  letter  of  Professor  Lewis  relative  to  the 
activities  of  the  group.  The  results  of  the  questionnaires  sent 
to  the  different  vSections  were  reported.  After  discussing  both 
sides  of  the  question  whether  or  not  it  would  be  advisable  to  ask 
the  national  officers  to  give  this  group  the  status  of  "Section" 
it  was  unanimously  voted  to  make  this  request. 

Much  valuable  discussion  took  place  with  regard  to  the  best 
method  of  securing  members  for  the  SociKTV,  how  to  get  mem- 
bers acquainted,  and  how  to  get  local  publicity.  The  itinerary 
of  the  speaking  tour  of  E.  C.  Franklin  was  laid  out.  The  follow- 
ing Sections  are  planning  to  have  him  speak  before  their  members 
at  the  time  he  comes  east  for  the  spring  meeting  at  New  Haven; 
Chicago,  Detroit,  ICast  Lansing,  University  of  Michigan,  Purdue, 
Cleveland,  New  Orleans,  West  Virginia,  Pittsburgh,  Buffalo, 
Rochester,  Syracuse,  and  Philadelphia.  It  is  hoped  that  other 
Sections  will  also  attempt  to  have  Dr.  Franklin  on  their  pro- 
grams while  he  is  on  his  way  to  the  meeting. 

Dr.  Miner  of  the  Chicago  Section  told  of  a  typical  program 
before  the  Chicago  Section.  The  meeting  was  divided  into 
four  parts,  and  at  the  close  of  the  discussions  before  these  groups 
the  members  came  together  and  enjoyed  sandwiches  and  a  social 
time. 

It  was  suggested  that  the  Chairmen  and  Secretaries  Group 
get  together  for  an  informal  discussion  at  each  national  meeting, 
owing  to  the  decided  change  in  personnel,  and  also  to  the  fact 
that  different  sections  of  the  country  were  visited. 

It  was  also  pointed  out  that  much  interest  was  stimulated  in 
Sections  by  holding  joint  meetings  with  their  neighbors,  and  it 
was  planned  to  have  at  least  one  intcrsectional  meeting  a  year. 
This  brings  about  good  fellowship  and  gives  the  younger  men  in 
thcScctions  a  chance  to  present  papers  and  become  acquainted 
with  the  leaders  in  the  chemical  profession. 

Erle  M.  Billings,  Secretary 


American    Ccraniio    Socioty — Summer    E.xcursion 
Meeting,  August  13  to  19,  1922 

This  meeting  was  purely  an  e.xcursion.  There  were  no  literary 
or  executive  sessions  held,  the  entire  occasion  being  devoted  to 
plant  inspection  and  to  meeting  with  the  several  people  in  the 
different  localities. 

The  trip  down  the  St.  Lawrence  to  Montreal  is  well  worth  the 
while  of  aiiv  one  who  desires  to  observe  scenery,  architecture,  or 
human  nature.     One  could  not  possibly  talk  shop  on  such  a  trip. 

The  reception  accorded  by  the  officials  of  the  potteries  and 
glass  comp  lilies  in  Montreal  was  most  cordial.  They  entertained 
the  seven! V  live  guests  Monday  evening  with  a  smoker,  and 
on  Tucsd.-iy  iiu:ht  with  a  banquet. 

Tuesday  was  lilled  with  plant  and  city  visitations.  The 
McGill  University  with  its  several  laboratories  and  museums 
was  visited  by  practically  every  delegate.  The  Montreal 
potteries,  glass  companies,  brick  works,  and  enameling  works 
entertained  them  royally. 


On  Wednesday  the  party  journeyed  to  Buckingham  to  visit 
the  feldspar  mines  of  O'Brien  and  Fowler.  They  were  met 
in  Buckingham  by  automobiles  for  a  ten-mile  ride  into  the 
wilds.  Here  they  saw  the  quarrying  of  feldspar  under  the 
most  modem  conditions  and  by  the  most  modem  methods.  A 
wonderful  camp  dinner  was  served  and  the  delegates  were 
entertained  with  singing  by  local  talent. 

From  Buckingham  the  party  continued  in  special  cars  to 
Ottawa,  where  a  banquet  was  served  and  the  Victoria  National 
Museum  and  the  Department  of  Mines  were  %nsited. 

On  Thursday  afternoon  the  party  divided  into  groups  and 
visited  different  ceramic  plants,  paper  mills,  and  other  points  of 
interest  in  the  city. 

The  party  left  the  city  at  10:40  for  Verona,  where  again  they 
were  royally  received  and  entertained,  and  motored  up  into  the 
mountains  to  the  Richardson  feldspar  deposit,  after  which  they 
continued  their  journey  to  Kingston  where  they  were  received 
by  the  Kingston  Council.' 

The  cordial  reception  given,  the  banquets  served,  the  addresses 
made  by  distinguished  Canadians  repaid  the  delegates  for  the 
time  and  expense  of  the  trip.  Words  cannot  express  the  ap- 
preciation of  the  wonderful  service  rendered  by  the  Canadian 
Pacific  Railway.  The  party  had  the  same  parlor  cars  and  porters 
from  Montreal  around  to  Kingston,  and  the  continuous  service 
thus  afforded  made  the  trip  easy.  After  the  banquet  Thursday 
night  in  Kingston,  the  party  took  special  sleepers  for  Toronto, 
finding  that  while  they  were  at  the  banquet  their  bags  had  been 
conveyed  from  the  special  parlor  cars  to  the  sleepers  by  repre- 
sentatives of  the  Canadian  Pacific  Railway.  This  is  typical  of 
the  sort  of  ser\-ice  that  Canada  gave  the  American  delegates. 

At  Toronto  the  party  was  received  with  the  same  cordiality,  and 
the  day's  stay  was  planned  with  the  same  detail  and  expedited 
in  the  same  fashion  as  on  the  other  days.  In  Toronto  and  on 
the  next  day  in  Hamilton  the  party  saw  more  of  the  works  that 
were  branches  of  American  companies.  Sanitary  works,  glass 
works  of  all  sorts,  brick  and  tile  companies,  universities  and 
museums  afforded  a  wide  variety  of  interesting  and  instructive 
things  to  be  seen. 

The  American  Ceramic  Society  would  fail  in  its  real  purpose 
if  it  did  not  afford  its  members  these  opportunities  for  excur- 
sions, not  only  to  see  ceramic  plants,  but  to  see  the  best  that  na- 
ture affords  in  lakes,  rivers,  mountains,  etc.,  and  also  the  best 
products  of  human  effort,  not  only  in  the  universities,  museums, 
wondcrfid  cities,  but  also  in  mankind.  This  trip  on  Lake  Ontario, 
down  the  St.  Lawrence,  and  up  into  the  Canadian  mountains, 
completely  encircling  Lake  Ontario  cannot  be  surpassed  in  the 
large  variety  and  quality  of  tliin.i;s  to  be  seen,  entertainment 
furnished  and  in  opportunities  for  studying  and  observin.w; 
manufacturing.     [Ross  C.  Pijrdy,  General  Secretary.] 


Meeting  of  Chemical  Equipment  Association 

The  Chemical  Equipment  Association,  at  its  final  organization 
meeting  on  September  2,  1022.  at  which  32  active  and  4  associate 
members  were  present,  elected  the  following  officers: 

President:    Pierce  D.  Schenck,  Duriron  Co. 

Vice  Presidents:  Walter  A.  Lummis.  Adolph  Coors,  Jr.,  Coors  Co., 
George  J.  Lehman,  Bethlehem  Foundry  Co. 

Treasurer:    P.  C.  Kingsbury,  General  Ceramics  Co. 

Directors:  H.  N.  Spicer,  Dorr  Co.;  J.  I.  Lyle,  Carrier  Co.;  P.  S.  Barnes, 
Pfaudler  Co.;  Edw.  C.  Alford,  Shrivcr  Co.;  T.  C.  Oliver,  Chemical  Construc- 
tion Co.;  H.  H,  Alport,  E.  B.  Badger  Co. 

This  association  was  organized  on  May  10,  1922,  for  the  pur- 
pose of  fostering  trade  in  chemical  process  equipment.  The 
aims  of  this  association  are  given  on  page  564  of  the  June  issue 
of  This  Journal. 


Chemical  Salesmen  Meet 

The  Salesmen's  Association  of  the  American  Chemical  In- 
dustry, in  executive  session  at  the  Hotel  Commodore,  New 
York,  on  September  12,  1922,  elected  the  following  officers  for 
the  next  year: 

President:     John  W.  Boyer,  The  Mathieson  Alkali  Works,  Inc. 

Vice  Presidents:  F.  M.  Fargo,  Jr.,  Calco  Chemical  Co.;  Edward  Van 
Bcrlo,  Wilclccs-Martin-Wilckcs  Co.;  Edgar  M.  Queeny,  Monsanto  Chemical 
Works. 

Secretaries:  J.  D.  Lowcry,  Kalbfieisch  Corp.;  George  T.  Short,  Wilckes- 
Marlin-Wilckes  Co. 

Executive  Commillee:  Williams  Hayncs,  Drug  &  Chemical  Markets; 
R.  T,  Dunning.  The  Barrett  Co.;  >*.  S.  Gofl,  Monsanto  Chemical  Works. 


Oct.,  1022 
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NOTES  AND  CORRESPONDENCE 


A  Criticism  of  llie  Technical  Press 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

A  shortcoming  of  the  chemical  press  of  to-day  is  the  lack  of 
forceful,  constructive  criticism  of  tlic  profession.  The  technical 
journals  ably  expound  to  the  layman  the  value,  achievements, 
and  necessity  of  chemical  control  and  research  in  industry,  and  in 
tills  we  must  admit  they  do  a  great  service  to  the  chemist.  But 
this  is  only  a  part  of  their  duty.  They  should  clearly  and  per- 
sistently point  out  to  the  chemist  his  own  weaknesses  and  the 
pitfalls  that  surround  him.  To  trust  this  self-analysis  to  the 
individual  chemist  is  asking  too  much  of  human  nature.  We 
are  none  of  us  prone  to  search  out  our  faults,  but  it  is  wholesome 
and  necessary  that  they  be  pointed  out  to  us. 

You  have  in  your  Journal  an  interesting  and  valuable  de- 
partment— "The  Harning  Power  of  Research."  I  would  sug- 
gest another  department  under  some  such  title  as  "Business 
Mistakes  of  Chemists,"  frankly  devoted  to  picking  apart  and 
criticizing  the  activities  of  the  average  chemist  in  industrj', 
which  should  have  a  cumulative  effect  in  maintaining  high  stand- 
ards of  effectiveness  in  the  profession. 

Another  duty  of  the  technical  magazine  is  education.  The 
average  chemist  is  unaware  that  his  education  is  incomplete  in  the 
details  of  business.  The  chemical  laboratory,  whether  research 
or  testing,  presents  in  miniature  all  the  administrative  and  execu- 
tive problems  of  the  industrial  plant.  Its  raw  materials  are 
reagents  and  chemicals,  its  finished  product,  ser\'ice  or  informa- 
tion. All  the  industrial  problems  are  met  here,  whether  the 
force  consists  of  two  or  thirty — buying,  storage  and  control  of 
raw  materials,  securing,  training,  and  development  of  competent 
workers,  upkeep  of  equipment,  maintenance  of  quality,  and  quan- 
tity of  production.  The  problems  of  merchandizing  also  enter  in. 
Is  the  product  of  the  highest  attainable  quality,  and  does  it  meet 
in  an  adequate  way  the  customer's  special  needs  (the  "customer" 
being  of  course  the  firm,  department,  or  man  making  use  of  the 
results)?  Is  it  properly  presented  and  explained?  Viewed  in 
this  light,  the  operation  of  a  laboratory  at  its  greatest  efficiency 
for  conuncrcial  purposes,  requires,  besides  masterj*  of  the  prin- 
ciples and  technic  of  the  science  involved,  application  of  the 
basic  principles  of  economics  and  psychology,  business  instinct, 
and  attention  to  business  detail.  Chemists  do  not  study  and 
apply  as  extensively  as  they  might  the  excellent  works  available 
in  efliciency  and  business  management.  It  would  be  to  their 
advantage  to  do  so,  for  the  man  who  really  can,  and  knows  he 
can,  make  every  dollar  invested  produce  the  maximum  result  in 
any  line  of  endeavor  is  never  without  a  job.  Further,  he  is  the 
type  of  man  most  justified  in  going  into  business  for  himself. 
The  technical  magazine  should  call  attention  to  books  on  these 
subjects,  publish  articles  dealing  with  the  application  of  sound 
economic  principles  to  the  chemist's  daily  work,  and  investigate 
and  endorse,  or  even  institute,  if  necessary,  suitable  correspon- 
dence courses  for  instruction  in  these  subjects. 

The  technical  journal  can  render  a  further  service  in  the  culti- 
vation of  morale.  The  chemist  is  perhaps  a  little  too  ready  to 
bewail  his  lot  when  things  do  not  suit  him,  and  instead  of  being 
discouraged  in  this  attitude  by  the  technical  press,  he  is  led  to 
feel  that  his  services  are  not  appreciated.  Granting  some  basis 
of  truth  in  this,  it  is  surely  not  a  healthy  viewpoint  to  adopt,  nor 
one  that  can  lead  to  real  progress.  The  technical  journal  can 
be  of  assistance  here  by  trying  to  inculcate  a  forward-looking 
viewpoint  which  makes  Ught  of  difficulties  and  brings  success  in 
its  wake.     This  is  no  time  for  the  chemist  to  repine.     The  pres- 


ent era  of  close  competitiun,  h  liicli  will  probably  last  for  a  period 
of  years,  is  his  golden  opportunity  to  prove  liis  worth  as  a  money 
saver  and  money  maker.  But,  like  everyone  else,  he  must  be 
prepared  to  work  harder  than  before. 

The  captious  may  comment  that  seemingly  all  that  is  further 
necessary  to  bring  the  technical  journal  up  to  date  is  the  adoption 
of  a  pretty-girl  cover,  a  woman's  page,  and  a  bed-time  story,  but 
I  sincerely  believe  that  the  chemist  in  industry  will  look  more  and 
more  to  the  technical  press  for  guidance  and  inspiration  as  well  as 
for  technical  information.  The  time  is  past  when  a  mere  bound 
file  of  proceedings  and  technical  reports  and  papers  will  fuUy 
serve  his  needs. 

I  believe  that  a  technical  journal  working  strongly  along  these 
or  similar  lines  would  in  a  few  years  exert  an  enormous  influence 
for  the  better  on  the  morale,  efficiency,  and  prosperity  of  the 
chemical  profession. 

Hugo  V.  Hansen 

45  North  Spri.vg  St. 

Bloomfield,  N.  J. 

June  15,  1922 


The   Continuous  Counteicurrent  Lixiviation 
of  Charred  Kelp 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  article  on  "The  Continuous  Countercurrent  Lixiviation 
of  Charred  Kelp,"  by  J.  W.  Turrentine  and  P.  S.  Shoaff,  in  Tins 
Journal,  14  (1921),  605,  offers  excellent  opportunitj'  for  ap- 
plication of  the  theory  of  discontinuous  extraction  developed  in 
This  Journal,  9  (1917),  866.  The  data  given  in  the  article, 
together  with  other  figures  on  the  water  content  in  the  filter 
cakes — kindly  furnished  by  the  authors — make  it  possible  to 
compare  the  ratio  of  KCl  to  water  in  the  solutions  with  those  in 
the  corresponding  filter  cakes.  In  Filter  Cake  1  the  ratio  of 
KCl  to  water  was  37.6  to  100,  while  in  Brine  1,  supposed  to  have 
been  in  equilibrium  with  the  filter  cake,  the  ratio  was  only  30.2 
to  100,  showing  that  there  was  some  undissolved  KCl  in  the 
first  filter  cake,  or,  what  is  just  as  bad,  the  solution  remaining 
in  the  cake  was  of  higher  concentration  than  that  removed  by 
filtration.  In  the  same  way  it  was  found  that  the  ratio  of  KCl 
to  water  in  FUter  Cake  2  was  10.6  to  100  and  in  Brine  2,  10  to 
100,  showing  that  the  solution  was  not  quite  complete  even  after 
the  second  treatment.  By  the  theory  of  discontinuous  extrac- 
tion, imdissolved  solute  after  the  first  treatment  decreases  the 
efficiency  of  the  process,  and  this  process  could,  therefore, 
have  been  improved  by  better  mixing  or  higher  temperature  in 
Agitator  1. 

This  note  is  not  offered  as  adverse  criticism  of  Turrentine's 
process,  but  simply  as  an  example  of  a  method  of  studying  dis- 
continuous extraction  processes  to  determine  where  improvement 
can  be  made.  In  this  particular  process  the  solvent  ratios  are 
so  high  and  the  general  efficiency  so  good  that  these  considerable 
quantities  of  KCl  undissolved  after  the  first  treatment  probably 
do  not  affect  the  recovery  by  more  than  a  few  tenths  of  a  per 
cent,  but  in  many  processes  such  undissolved  solute  might 
seriously  decrease  the  recoveries. 

It  would  be  inadvHsable  to  finish  this  note  without  explaining 
why  a  discontinuous  extraction  theory  is  applied  to  a  process 
called  continuous.  The  explanation  is  that  the  process  is  really 
a  typical  discontinuous,  coimterciu-rent  extraction,  but  instead 
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of  taking  the  space  to  prove  this  assertion  we  will  leave  it  as  a 
problem  for  those  of  your  readers  who  are  interested  in  the  theory 
of  extraction.  Here  is  a  paradox.  In  an  extraction  process 
the  raw  materials  enter  and  the  finished  products  leave  the 
system  continuously,  and  all  the  intermediate  products  are 
constantly  in  motion,  and  yet  the  process  is  discontinuous, 
countercurrent  extraction. 

L.  F.  Hawlev,  In  Charge 
Section  of  Derived  Products 
FoRBST  Products  Laboratoky 
Madison,  Wisconsin 
July  27,  1922 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

With  reference  to  the  communication  of  Dr.  L.  F.  Hawley, 
permit  me  to  say  that  when  a  process  in  which  the  raw  mate- 
rials are  being  added  continuously,  the  intermediate  products  are 
in'motion  continuously,  the  extraction  up  to  the  point  where 
equilibrium  exists  between  solid  and  solvent  takes  place  con- 
tinuously, the  finished  products  are  discharged  continuously,  and 
which  is  in  practical  operation  continuously,  is  yet  discontinuous, 
it  might  be  contended  that  the  definition  is  more  open  to  criti- 
cism than  the  process. 

J.  W.  TURRENTINE 

ExPEmMSNTAL  KELP  POTASH  PLANT 
SUMHSRLAND,    CALIFORNIA 


Larger  Quantities  of  Creatine  Available 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

It  should  interest  biological  and  pharmaceutical  chemists  to 
learn  that  creatine,  heretofore  obtainable  only  in  gram  lots  at  a 
price  of  several  dollars  a  gram,  is  now  available  in  much  larger 
quantities.  A  source  of  this  material  has  been  discovered  which, 
while  not  unlimited,  is  capable  of  yielding  at  least  some  hundreds 
of  pounds  of  pure  creatine  a  year. 

In  order  that  research  workers  may  be  able  to  benefit  by  this 
discovery,  a  considerable  quantity  of  pure  creatine  has  been  pre- 
pared, and  will  shortly  be  available  through  regular  supply 
houses  at  a  fraction  of  one  per  cent  of  its  present  price. 

It  is  hoped  that  this  new  source  of  creatine  may  aid  materially 
in  extending  our  knowledge  of  this  and  related  substances,  as 
the  quantity  now  available  should  permit  research  in  this  field 
along  the  lines  of  nutrition,  pharmacy,  and  synthetic  organic 
chemistry,  as  well  as  biochemistry,  without  exorbitant  expense. 

The  writer  will  be  glad  to  give  further  details  to  anyone  inter- 
ested. 

Graham  Edgar 

Univkksixtv  or  Virginia 

UHlVBRSITy.    Va. 
Augu.<it  25.  1022 


Correction 

On  page  745  of  the  August  issue  of  This  Journal,  change  the 
heading  "Society  of  Chemical  Industry  Reports"  to  read  "Chem- 
ical Society  (London)  Reports."  Also  make  the  following 
change  in  the  first  line  of  the  text:  Delete  the  words  "Society  of 
Chemical  Industry"  and  substitute  "Chemical  Society  (London'l," 
tnakinK  that  portion  of  the  sentence  read:  "The  Council  of  the 
Chemical  Society  (I.,ondonl  is  prepared  to  offer,  etc." 


Chemists  Storm  the 
Capitol 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

On  August  16,  1922,  twenty-six  research,  operating,  and 
analytical  chemists,'  representing  sixteen  different  synthetic 
organic  chemical  plants,  mustered  up  courage  enough  to  present 
without  other  support  their  side  of  the  embargo  question  to  the 
arbiters  of  the  tariff  at  Washington.  "A  horde"  Senator  Moses 
called  us  on  the  floor  of  the  Senate.  I  presume,  however, 
we  should  be  grateful  for  even  that  public  recognition — it  is 
one  of  the  few  that  chemists,  as  such,  have  had. 

Sunday,  August  13,  the  outlook  for  the  embargo  seemed 
particularly  black.  Since  its  failure  would  mean  to  the  country 
the  irreparable  loss  of  the  industry  and  to  us  the  equally  serious 
loss  of  our  jobs,  Messrs.  Orelup,  Schepmoes,  and  myself,  in  dis- 
cussing the  matter  on  that  day,  concluded  that  we  had  little  to 
lose  and  everything  to  gain  by  organizing  a  group  of  men  simi- 
larly situated  to  present  the  chemists'  side  of  the  organic  chemical 
tariff  in  Washington. 

The  time  was  too  short  for  long  explanations,  but  we  felt 
certain  the  cause  was  so  good  that  but  few  men  would  be  un- 
willing to  risk  the  relatively  small  cost  of  the  trip  in  the  hope 
of  doing  something  to  save  their  industry  and  positions.  All 
honor  to  those  men  who  joined  us,  but  we  were  sadly  discour- 
aged in  a  great  number  of  cases.  Some  who  would  not  join 
us  felt  that  the  chemists  would  not  know  enough  about  the 
situation  to  be  effective,  or  would  be  ignored.  Fancy!  After 
long  years  of  arduous  training  and  an  average  of  several  years  of 
practical  experience,  we  are  still  uncertain  of  our  abilities  to  meet 
men  and  present  our  ideas!  As  for  being  ignored,  it  is  a  rare 
public  representative  indeed  that  desires  to  avoid  his  con- 
stituency, much  less  dares  to! 

As  a  matter  of  fact,  we  had  not  only  an  interesting  and  in- 
structive visit,  but  we  most  certainly  aided  in  the  accomplish- 
ment of  our  ends.  Senator  Frelinghuysen  graciously  aided  us 
in  arranging  interviews  with  the  President,  Secretary  Hoover, 
and  with  the  other  members  of  the  Senate  Finance  Committee. 
We  interviewed  Senators  Edge,  McCumber,  McLean,  Watson, 
Calder,  Lenroot,  Sterling,  Shortridge,  Capper,  Fletcher,  Shep- 
pard,  Nicholson,  McCormick,  and  Borah,  and  quite  evidently 
influenced  several  former  embargo  opponents  in  favor  of  the 
Bursum  Amendment  than  pending. 

At  least  partly  as  a  result  of  our  plea,  Senator  Ransdell  not 
only  voted  for  the  Bursum  Amendment  but  also  made  a  speech 
in  favor  of  it.  Probably  the  most  interesting  result  of  our  visit 
was  the  outcome  of  our  long  talk  with  Senator  Borah,  who 
promised  a  vote  in  favor  of  an  embargo  to  be  long  enough  to 
reestablish  the  industrj',  if  our  contention  proved  true— that 
two  months  of  the  then  tariff  (without  the  Bursum  Amendment) 
would  put  us  out  of  lousiness. 

One  thing  our  visit  made  plain — that  legislation  is  accom- 
plished by  far  different  means  than  research  along  chemical  lines. 
From  our  talk  with  one  senator  it  was  quite  plain  that  uncor- 
rected misstatements  had  been  made  on  the  floor  about  our 
industry,  and  that  the  actual  situation  was  little  appreciated 
except  among  those  already  favorable  to  the  measure.  It  was 
obvious  that,  not  only  was  it  not  undesirable  for  such  a  party  of 
individuals  to  press  its  case,  but  that  it  would  be  absolutely  fatal 
not  to,  for  without  "lobbying"  of  a  sort  proper  legislation  could 
not  be  obtained. 

Finally,  I  hope  that  some  of  your  readers  will  send  to  the  Con- 

<  The  members  of  the  party  were;  A.  P.  Beardsley.  James  Brown, 
E.  E  Hartmnnn,  J.  J.  Johnson,  P.  V.  Rosenvclt.  H.  A.  Van  Broclclin.  L.  L. 
Perry,  J.  W.  Orelup,  F.  A.  Novotny.  R.  W.  Feder,  C.  H.  Schepmoes,  W.  W. 
Week,  William  Goldstein.  W.  A.  Lucas,  L.  M.  Shafcr,  N.  R.  Viera, 
C.  Hamilton  Merrill,  R.  E.  B.  Richards,  C.  A.  Swan,  E.  G  Parker,  A.  C. 
Wintringham,  W.  H.  Van  Winkle,  M.  T.  Coakley,  T.  B.  Clendenniiig,  and 
L.  C.  Ohlsson. 


Oct.,  1922 
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SH'ssiomil  Record  Oflicc,  The  Capitol,  Washington,  for  copies 
(at  about  10  cents  each)  of  that  very  interesting  publication  of 
August  17  and  18,  where  on  pages  12,537  and  12,570  will  be  found 
the  debate  on  the  Bursum  Amendment.  Let  them  not  fail  to 
read  the  words  of  Senator  Moses  on  page  12,542:  "I  suppose, 
Mr.  President,  the  way  to  become  a  chemist  in  this  country  is 
to  put  a  label  in  your  lapel."  Then  let  them  ponder  how  far  the 
chemist  in  this  country  has  yet  to  go  to  find  his  place  in  the 
sun,  and  how  much  personal  effort  each  must  put  forth  to  do  it. 


A.  J,  PasTBnE 


mcAL  Company  of  .America 

SPRINGPIKUD,  N.  J. 
August  25,  1922 


Canadian  Letter 

By  T.  Lindsay  Crossley 
208  King  St  ,  West,  Toronto.  C 


Canadian  industries  using  heavy  chemicals  are  buying  in 
larger  quantities,  and  while  this  business  has  not  by  a  large 
margin  reached  the  volume  hoped  for,  the  improvement  in  the 
last  five  months  has  been  marked. 

Canada  seems  to  be  popular  as  a  summer  meeting  place. 
These  visitors  are  not  only  welcome,  but  they  are  an  inspiration 
to  good  fellowship.  Last  month  we  had  the  Chemical  Engineers 
and  the  Leather  Chemists.  Ere  this  appears,  the  American 
Ceramic  Society  will  have  been  with  us,  and  the  American 
Electrochemical  Society  will  visit  Montreal  and  Shawinigan, 
September  21  to  2.3. 

They  will  see  one  of  our  best  examples  of  industrial  develop- 
ment in  the  St.  Maurice  Valley,  due  to  the  magnificent  water 
powers  of  the  St.  Maurice  River  at  Shawinigan  and  Grand  Mere, 
developing  about  225,000  h.  p.  at  both  places,  with  a  third  power 
of  about  the  same  amount,  not  developed,  at  Les  Gres  below 
Shawinigan.  Grand  Mere  is  a  pulp,  paper,  and  power  town  con- 
trolled by  the  Laurentide  Company.  Shawinigan  has  pulp  and 
paper  mills,  carbide,  electrometallurgical  and  aluminium  works, 
foundry,  cotton  mills,  and  technical  school.  Here  was  developed 
the  biological  process  for  acetic  acid,  and  here  were  made  special 
aluminium  alloys  for  aeroplane  construction,  and  the  first  com- 
mercial magnesium  in  America. 

The  Canadian  Institute  of  Chemistry  is  planning  an  active 
program  for  the  fall  and  winter,  and  is  rapidly  becoming  a  factor 
in  the  scientific  development  of  the  country. 

It  is  said  that  one  reason  for  the  lack  of  public  attention  to  the 
work  of  chemists  is  that  chemists  themselves  do  not  cooperate 
and  are  not  found  mingling  with  the  folks  in  the  market  place. 
With  a  view  to  meeting  this  criticism  in  some  small  measure,  the 
chemists  of  Toronto  have  inaugurated  an  informal  luncheon 
club,  meeting  every  Monday  at  the  Engineers'  Club,  where 
questions  of  general  interest  are  discussed  and  from  time  to  time 
action  by  various  organizations  may  be  suggested.  This  has 
already  been  found  of  practical  value. 

Some  discussion  has  been  aroused  by  a  proposal  made  during 
the  Ottawa  convention  to  adopt  the  word  "chemor"  as  applying 
to  consulting,  analytical,  or  engineering  chemists,  to  avoid  the 
confusion  arising  from  the  idea,  perhaps  more  prevalent  in  British 
communities,  that  chemist  is  synonymous  with  retail  druggist. 
In  fact,  some  provincial  legislation  in  Canada  makes  the  pharma- 
cist the  only  person  legally  defined  as  a  chemist.  Hence  the 
suggested  new  appellation  to  bring  the  distinction^to  public 
notice. 

August  2,  1922 


The  Plant  Manager  and  the  Chemist 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

I  cannot  allow  Mr.  George  L.  O'Brien's  criticisms  of  the  chemist 
in  This  Journai,,  14  (1922),  650,  to  pass  unanswered. 

Chemists,  like  other  people,  arc  neither  perfect  nor  infallible 
and  their  ideas  are  not  always  practicable,  neither  are  those  of 
any  manager  I  have  known. 

Mr.  O'Brien  would  make  of  the  chemist  the  "catalytic  agent" 
or  go-between  of  about  everything  that  transpires  in  the  plant 
and  community,  yet  without  authority.  If  it  were  possible  to 
fill  such  a  position,  I  can  scarcely  see  what  occasion  there  would 
be  for  a  manager.  A  man  of  such  parts  would  be  discredited  for 
holding  a  subordinate  position. 

It  is  as  important  for  a  manager  to  know  management  as  it  is 
for  a  chemist  to  know  chemistry.  Believe  me,  I  have  seen 
some  managers  who  were  out  of  place.  Chemists,  with  slight 
exceptions,  are  conscientious  workers,  but  in  the  business  of 
management  I  have  seen  many  examples  of  a  betrayal  of  trust. 

Often  there  has  been,  and  is  yet,  a  lack  of  cooperation  between 
the  management  and  the  chemist.  The  manager  does  not  know 
how  to  make  the  best  use  of  his  chemist  and  he  is  often  suspicious 
of  the  man  who  has  new  and  original  ideas.  The  time  is  rapidly 
approaching  when  the  chemical  industry  will  be  managed  by 
chemical  engineers,  as  it  should  be. 

I  have  one  important  criticism  to  make  of  the  manager. 
Generally  speaking,  he  expects  to  pay  a  chemist  a  clerk's  salary, 
and  too  often,  I  regret  to  say,  he  gets  away  with  it  because  the 
chemist  is  willing  to  take  a  position  which  he  is  led  to  believe 
promises  a  "future."  A  chemist  is  always  at  a  disadvantage  in 
looking  for  a  position.  It  is  not  a  popular  profession  and  not 
many  chemists  are  wanted. 

Chemistry  lies  at  the  foundation  of  all  life  and  being,  and 
its  pursuit  requires  special  natural  quaUfications,  consistent, 
hard,  and  conscientious  endeavor.  The  chemist  is  not  above 
criticism  but  he  should  be  dealt  with  in  a  kindly  sympathetic  spirit 
of  encouragement.  Mr.  O'Brien  concludes  his  criticism  with  a 
very  high  compliment  to  the  chemist  when  he  says,  "much  of 
the  progress  of  civilization  rests  with  him,"  and  that,  "his 
activities  are  of  such  great  importance  that  modem  industrial 
manufacture  without  his  help  is  unthinkable." 


Mt.  Hope  Finishing  Company 

North  Dighton,  Mass. 

July  29,  1922 


Martin  L.  Griffin,  Chemist 


Figures  Talk 

The  registration,  by  states,  of  those  present  at  the  Piti 

meeting  of  the  A 

.  c. 

S.  was  as  follows: 

Alabama 

1 

Maine 

3 

Oregon 

Arkansas 

2 

Mar>'land 

30 

Pennsylvania 

California 

4 

Massachusetts 

47 

Rhode  Island 

Colorado 

3 

^lichigan 

25 

Tennessee 

Connecticut 

14 

Minnesota 

10 

Texas 

Delaware 

16 

Mississippi 

3 

Utah 

District  of  Colum- 

Missouri 

11 

Vermont 

bia 

62 

Nebraska 

2 

Virginia 

Georgia                • 

2 

New  Hampshire 

2 

Washington 

Illinois 

69 

New  Jersey 

38 

West  Virginia 

Indiana 

20 

New  Mexico 

1 

Wisconsin 

Iowa 

U 

New  York 

150 

Canada 

Kansas 

5 

North  Dakota 

1 

England 

Kentucky 

2 

Ohio 

159 

Cuba 

Louisiana 

7 

Oklahoma 

1 

ToTAt     Registration 

1362 

Studies  of  the  effects  of  sulfides  on  animals  are  being  made  at 
the  Bureau  of  Mines  Experiment  Station,  Pittsburgh,  Pa., 
by  a  number  of  consiUting  physiologists,  including  Yandell 
Henderson,  Howard  W.  Haggard,  C.  W.  Mitchell,  and  W.  P. 
Yant. 
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Crystallizing  Plants 


Considerable  interest  is  now  being  taken  in  this  country  in 
the  modem  types  of  apparatus  for  crystallization  in  motion; 
a  number  of  firms  having  installed  new  plants  during  the  past 
few  months.  In  view  of  the  recent  decision  under  the  Key 
Industries  Bill  in  connection  with  sodium  hyposulfite,  it  is 
probable  that  much  more  attention  will  have  to  be  paid  to  the 
form  and  appearance  of  commercial  chemicals.  Sodium  hypo- 
sulfite of  "photographic  quality"  is  now  scheduled,  and  while 
it  was  clearly  stated  by  the  Referee  that  "pea-crystal  hypo" 
may  not  be  of  "photographic  quality,"  the  latter  term  is  taken 
to  indicate  a  product  of  good  color  and  high  purity  in  the  form 
of  small  uniform  cr>'stals. 

While  this  may  be  considered  a  clear  definition,  it  will  be 
recognized  that  most  photographers  have  their  own  ideas  as  to 
what  photographic  quality  "hypo"  looks  like,  and  usually  they 
will  e.vpect  to  receive  either  the  "cube  crystal"  or  "pea-co'Stal" 
form.  Like  many  other  users  of  chemicals,  they  do  not  usually 
make  an  analysis  of  materials  but  judge  of  their  suitability  from 
appearance.  The  photographer's  exijcrience  has  led  him  to 
associate  satisfactory  performance  with  a  certain  appearance, 
and  it  is  therefore  necessary  for  the  manufacturer  to  meet  his 
ideas. 

The  same  considerations  apply  to  every  chemical  product 
to  some  e.\lent,  and  it  is  safe  to  say  that  a  crystalline  substance 
of  regular  appearance  consisting  of  individual  grains  of  uniform 
size  and  shape  is  generally  more  readily  salable  than  the  less 
beautiful  ordinar>'  qualities.  This  is  not  necessarily  the  result 
of  fad,  but  is  because  the  user  has  learned  that  a  carefully  crystal- 
lized material  will  generally  be  better  in  other  respects  also. 

A  large  number  of  inorganic  substances  arc  now  sold  in  regular 
crystalline  form,  all  these  having  the  same  essential  features, 
namely,  the  crystals  being  approximately  of  pea  size  or  larger, 
and  the  cn,-stals  being  quite  separate  and  not  formed  in  groups, 
and  each  being  of  nearly  perfect  shape  and  of  uniform  size. 

The  production  of  these  (|ualitics  on  a  large  scale  is  generally 
only  possible  in  special  plants,  only  the  fine  grain  materials  being 
produced  in  ordinary'  agitator-crystallizers  and  stationary 
vessels  yielding  agglomerated  masses  of  crystals. 

At  present,  two  types  of  plant  are  being  used:  a  simple  open 
plant,  and  a  more  elaborate  vacuum  apparatus.  The  open 
plant  consists  essentially  of  a  long  trough  of  approximately 
elliptical  section  which  is  oscillated  on  roller  bearings  by  means 
of  gearing.  This  trough  has  no  jacket,  the  cooling  being  for  the 
most  part  due  to  the  evaporation  of  water  from  the  exposed 
liquor.  These  machines  are  generally  between  30  and  80  ft.  in 
length. 

The  solution  to  be  crystallized  is  run  into  this  trough  at  one 
end,  and  the  small  crystals  which  are  at  first  formed  gradually 
increase  in  size  as  they  pass  on  a  zigzag  path  through  the  appara- 
tus; the  finished  crystals  together  with  the  mother  liquor  are 
discharged  at  the  other  end  and  received  on  suitable  draining 
apparatus.  The  motion  of  the  crystals  iu  the  trough  prevents 
agglomeration,  and  if  the  correct  physical  conditions  are  chosen, 
most  inorganic  conunercial  salts  can  be  turned  out  from  these 
simple  machines  in  the  form  of  regular  individuals  of  even  size. 
Unite  apart  from  any  question  of  appearance  and  quality  of 
pro<lucts,  these  machines  are  jiroving  attractive  on  account  of 
the  continuity  of  operation  and  economy  of  labor. 

Some  mmlifications  have  been  introduced  into  these  plants 
recently  in  order  to  secure  better  control  over  the  crystal  size, 
but  details  are  not  yet  available  for  publication. 

The  vacuum  crj'stallizcrs  are  also  of  the  oscillating  type,  and 
consist  of  cylindrical  boilers  supported  on  rollers,  the  various 
connections  being  made  through  hollow  truimion  packings. 
These  may  be  of  any  size,  and  while  they  are  more  elaborate 
than  the  open  crystallizers,  their  application  appears  to  be  more 
generally  possible  and  the  crystals  may  be  produced  in  very 
large  sizes.  The  writer  has  some  samples  of  cane  sugar  crystal- 
lized in  these  machines,  and  the  crystals  are  about  I'/a  'u.  across, 
weigh  about  1  o/,.  each,  and  are  perfectly  shaped  and  separate 
individuals  just  like  cr>stallographic  models. 

It  is  to  lie  expected  that  the  study  of  the  operation  of  these 
plants  will  lead  to  a  better  knowledge  of  the  rationale  of  crystalli- 
zation. Most  chemists  find  it  difficult  to  believe  that  large 
crystals  can  be  obtained  from  a  moving  liquor,  but  it  is  now  well 
established  that  if  the  other  conditions  are  correct  and  the  for- 


mation of  too  many  new  centers  of  crystallization  can  be  avoided, 
perfect  crystals  can  only  be  produced  from  a  liquid  in  motion. 
The  convection  currents  in  ordinary  stationary  crystallizers 
seem  to  have  been  forgotten. 

Tlie  two  types  of  plant  mentioned  above  are  now  in  use  on 
many  different  materials:  sodium  sulfate,  sulfite,  thiosulfate, 
sulfide,  phosphate,  nitrate,  carbonate,  alums,  chlorate,  bichro- 
mate, copper  sulfate,  sugar,  organic  acids,  etc. 

Nitric  Acid  Manufacture 

The  latest  volume  of  the  "Technical  Records  of  Explosives 
Supply,"  on  the  manufacture  of  nitric  acid  from  nitrate  of  soda, 
gives  a  fairly  accurate  account  of  the  present  state  of  English 
practice. 

While  silica-coil  condensation  systems  are  favored  in  many 
quarters,  the  preponderance  of  technical  opinion  is  certainly 
in  favor  of  the  Hart  plant,  in  which  condensation  is  effected 
mainly  in  glass  tubes  about  I'/j  in.  diameter.  As  in  America, 
the  systems  employing  submerged  condensers  are  not  recom- 
mended, owing  to  the  serious  consequences  of  a  leakage  of  water 
into  the  condenser — namely,  the  dilution  of  an  entire  batch  of 
acid,  which  is  expensive  to  concentrate. 

The  speeds  of  distillation  given  in  the  report  are  for  war 
practice,  and  under  ordinary  conditions  most  works  are  content 
to  make  two  runs  from  each  plant  per  24  hrs.,  and  with  gas-fired 
retorts  this  speed  can  be  maintained  comfortably  while  securing 
a  very  high  over-all  efficiency. 

The  use  of  silicon-iron  condensing  plants  is  not  common  in 
England,  owing  to  the  difficidty  in  obtaining  really  sound  cast- 
ings in  such  alloys.  Some  years  before  the  war  a  system  very 
similar  to  that  described  in  the  August  issue  was  given  a  very 
thorough  trial,  the  only  essential  difference  being  that  the  S- 
pipes  were  of  flattened  section.  Such  systems  have  been  tried 
repeatedly  since  that  time,  but  invariably  they  have  been  given 
up,  owing  to  the  difficulty  experienced  in  getting  pipes  free  from 
blow-holes  and  graphite  pockets.  Some  of  the  makers  of  acid- 
resisting  castings  are  now  adding  a  small  proportion  of  nickel 
with  a  view  to  securing  a  finer  grained  metal,  and  arc  also  taking 
steps  to  produce  clean  sound  castings.  One  manufacturer  has 
succeeded  in  producing  straight  tubes  in  this  metal  by  the  cen- 
trifugal process,  and  the  solution  to  the  difficulty  may  be  found 
in  this  method.  There  is,  of  course,  no  question  that,  given 
really  good  castings,  the  silicon-iron  condenser  would  be  far 
better  than  any  ceramic  production. 

The  report  gives  some  particulars  of  an  interesting  attempt  to 
construct  a  continuously  working  plant  for  reconccntration  of 
nitric  acid,  by  running  the  mixture  of  nitric  and  sulfuric  acids 
through  a  packed  tower  heated  externally  by  producer  gas. 
Several  continuous  systems  for  this  concentration  have  been 
tried  in  England,  but  none  of  them  have  been  found  to  be  so 
satisfactory  as  tlie  simple  distillation  process,  repair  charges 
generally  proving  to  be  excessive. 

Meth\x  Bromide 

While  ethyl  chloride,  methyl  chloride,  and  ethyl  bromide  are 
all  inflammable,  it  has  been  pointed  out  by  Albert  Henning  that 
methyl  bromide  is  not  only  noninflammable  but  a  very  powerful 
fire  extinguisher,  and  patents  have  been  taken  out  to  cover 
application  of  this  material  as  a  solvent,  as  a  refrigerating  agent, 
and  also  as  a  fire  extinguisher. 

It  is  specially  interesting  as  a  fire  extinguisher,  as,  by  reason 
of  its  low  boiling  point,  4°  C,  it  does  not  require  mechanical 
devices  for  projection,  the  vapor  pressure  being  adequate  to 
propel  the  bromide  from  a  .suitable  container  fitted  with  a  simple 
nozzle.  Such  extinguishers  have  Ijeen  demonstrated  on  several 
occasions  recently,  and  it  has  also  been  shown  that  petrol  is 
rendered  noninflammable  by  admixture  with  about  one-fifth 
the  proportion  of  methyl  bromide  as  compared  with  carbon 
tetrachloride.  This  is  not  surprising  in  view  of  the  vapor 
pressures  of  these  materials.  It  is  also  claimed  that  there  is 
less  danger  of  poisoning  than  with  tetrachloride. 

For  refrigerating  purposes  both  methyl  bromide  and  mixtures 
of  methyl  bromide  and  ethyl  chloride  are  now  in  use  in  place  of 
ethyl  chloride  in  the  small  size  machines.  The  fire  risk,  which 
has  always  been  the  most  serious  objection  to  these  machines, 
is  therefore  eliminated. 

August  26.    922. 
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The  Dye  Industry 

The  syndicate  of  dyestuff  consumers  has  taken  the  initiative 
in  askinK  for  customs  regulations  to  protect  this  industry,  but 
limiting  this  i)rotection  to  dyes  made  in  Krance.  The  dyestuffs 
not  yet  made  in  French  factories  would  be  almost  entirely  free 
from  duty. 

This  measure  seems  to  be  rather  tardy,  for  the  production  of 
dyes  in  France  is  increasing  daily.  The  French  importation  of 
dyes  before  the  war  reached  9')  per  cent  of  the  national  consump- 
tion. In  1920  the  amount  of  imports  was  not  more  than  GO 
per  cent;  in  lft21  and  at  the  beginning  of  1922  it  decreased  to 
20  per  cent.  In  1920,  50  per  cent  of  the  amount  imported  came 
from  Germany  (.SOOO  out  of  GOOO  tons);  in  1921  the  importation 
was  only  400  tons,  coming  from  Germany. 

This  decrease  of  importation  is  due  largely  to  the  efforts  of  the 
National  Company  of  Dyestuffs  and  Chemical  Products.  I 
mentioned  previously  the  rumor  concerning  the  imion  of  this 
company  with  tlic  German  companies.  This  rumor  has  been,  and 
is  still,  contradicted.  Nevertheless,  the  dye  company  has  bought 
a  number  of  patents  from  the  foreigners.  It  certainly  does  not 
wish  to  lose  time  in  perfecting  the  manufacture  of  intermediate 
products;  it  has  resolutely  accjuired  all  the  manufacturing  proc- 
esses  that   it  has  been  able  to  tind  concerning  these  jiroducts. 

The  procedure  of  selling  dyestuffs  by  chemical  engineers 
specializing  in  dyestuffs  is  being  developed  in  France.  This 
method  of  selling  the  manufactured  products  has  been  success- 
ful; it  gives  satisfaction  to  weavers  and  dyers  by  permitting 
collaboration  with  technical  color  chemists.  These  technicians 
have  themselves  made  the  chemicals  in  special  laboratories  where 
the  uses  of  coloring  materials  are  studied. 

Measurement  of  Weak  Radioactivities 

The  electroscopes  now  used  for  measuring  weak  radioactivities- 
are  all  derived,  more  or  less,  from  the  electroscope  of  Curie  and 
Laborde.  INIr.  Szilard  has  proposed  a  spiral  electroscope.  The 
needle  is  movable  and  the  index  rigid,  and  is  electrically  joined 
to  the  case.  It  is  attracted  by  an  insulated  dial  and  charged 
by  a  very  small  electric  friction  machine.  The  needle  is  sus- 
pended by  a  fine  ribbon  stretched  so  that  the  torsion  will 
be  an  antagonistic  couple. 

With  such  an  electroscope,  Mr.  Szilard  has  been  able  to  meas- 
ure on  500  g.  of  a  product  containing  10"'  of  radium  per  gram. 
One  division  of  his  apparatus  corresponds  to  10  ~^  electrostatic 
units,  which  is  to  say  a  content  of  0.001  UsOg.  This  apparatus 
seems  destined  to  render  great  service  in  the  measurement  of 
weak  radioactivity  control  of  manufacture  in  radium  factories, 
prospecting  of  minerals,  examination  of  fertilizers  and  medicines 
with  weak  radioactivity. 

The  Nitrogen  Problem 

The  French  Parliament  was  dismissed  before  making  a  de- 
cision on  this  question.  This  is  especially  unfortunate,  as  we  are 
still  in  a  period  of  discussion  between  the  two  processes — Haber 
and  Claude.  It  is  a  national  faiUt  of  ours  to  spend  much  time 
in  discussions  after  making  an  interesting  discovery,  so  that  we 
are  too  late  to  put  it  into  use. 

Mr.  Matignon  at  Marseilles  gave  us  information  as  to  the 
nitrogen  situation  in  Germany.  In  this  country  there  has  been 
a  slight  increase  in  price  of  nitrogen  products,  due  to  an  increase  in 
cost  of  transportation. 

In  spite  of  last  year's  catastrophe,  the  factory  at  Oppau  has 
since  February  1922  returned  to  its  normal  production,  which 
is  100,000  tons  of  pure  nitrogen  per  year.  The  factories  at 
Leuna  are  producing  200,000  tons  per  year.  The  dividends 
issued  by  the  different  societies  of  chemical  industries  (Hoechst, 
Badische,  etc.)  have  increased  about  one-third. 

Furthermore,  Germany  has  made  herself  completely  inde- 
pendent of  the  nitrates  from  Chile,  of  which  she  received  750,000 
tons  before  the  war.  vShe  imported  from  Chile  in  1921  only  35,000 
tons  of  nitrates,  which  have  been  replaced  by  calcium  nitrate. 
The  Bavarian  factories  are  furnishing  80,000  tons  of  this  per  year, 
the  Saxony  plants,  175,000  tons.  These  plants  use  the  Franck- 
Caro  process. 


By  summing  up  the  different  quantities  of  nitrogen  prcKluced 
in  Germany  -  both  as  nitrates  and  as  ammonia — it  can  be  seen 
that  at  the  present  time  Germany  produces  about  three  times  as 
much  as  it  can  consume  for  its  agricultural  needs.  With  a  low 
rate  of  exchange  it  can  rapidly  become  an  exporter  of  this  prod- 
uct, while  we  in  France  are  still  in  a  period  of  discussion. 

( >ur  investigators,  however,  are  continuing  their  study  of  the 
different  phases  of  the  problem,  and  Mr.  Sabatier  has  iust  speci- 
fied the  conditions  of  obtaining  urea  directly  from  carbonic  acid 
and  ammonia.  (Jn  the  other  hand,  Mr.  Matignon  has  also  fixed 
the  conditions  of  obtaining  ammonium  sulfate  directly  by  treat- 
ing calcium  sulfate  (gypsum)  with  ammonium  carbonate.  At 
ordinary  temperatures  by  agitation  for  2  or  3  hrs.  with  gypsum 
a  concentrated  solution  of  ammonium  carbonate  changes  into  a 
solution  of  annnonium  sulfate.  This  conversion  is  almost  total, 
as  the  coefficient  of  conversion  is  96  per  cent. 

International  Council  of  Research 

The  International  Council  of  Research  has  just  convened  at 
Brussels.  Around  this  International  Council  are  now  grouped 
five  great  internatifinal  I'nions:  .Astronomy,  Geodesy  and  Geo- 
physics, Mathematics,  Scientific  Radiotelegraphy,  Pure  and  Ap- 
plied Chemistry.  Only  the  Union  of  Pure  and  Applied  Chemistry 
meets  annually. 

Four  new  Unions  have  been  established:  Pure  and  Applied 
Physics.  Biological  Sciences,  Medical  Sciences,  Geography. 


The  decline  of  the  German  mark  has  made  possible  at  the 
Stassfurt  mines  a  large  exportation  of  their  potash,  and  just  as 
the  Dyestuffs  Company  has  had  to  form  an  alliance  with  the 
German  societies,  the  companies  mining  Alsatian  potash  have  had 
to  seek  an  alliance  with  the  German  producers.  Preliminary 
arrangements  have  been  imder  way  since  May.  They  have  been 
difficult  to  bring  about,  but  they  seem  now  to  be  nearly  com- 
pleted. 

The  impossibility  of  bringing  about  payment  by  Germany  is 
going  to  cause  more  and  more  French  industries  to  seek  special 
alliances  with  industries  on  the  other  side  of  the  Rhine.  It  is 
well  understood  that  these  alliances  are  purely  economic  and  not 
political,  and  that  they  leave  to  the  French  industry  all  com- 
plete freedom  of  action. 

The  English  society,  British  Dyestuffs  Corporation,  has  in 
the  last  few  years  undergone  great  financial  difficulties.  The 
factories  which  it  has  erected,  constructed  hastily,  perhaps  with 
insufficient  technical  preparation,  have  not  been  able  to  furnish 
the  same  quality  of  dyestuffs  as  those  furnished  by  the  German 
or  Swiss  concerns.  The  English  customers,  have,  therefore, 
tinaUy  returned  to  these  old  suppliers.  In  spite  of  the  tariff 
duties  protecting  the  British  Dyestuffs  Corporation,  this  society 
was  in  danger  and  engaged  in  conferences  with  the  president  of 
the  syndicate  of  German  producers  of  dyestuffs.  No  agreement 
was  made,  because  of  the  fact  that  the  English  society  did  not 
succeed  in  making  acceptable  to  the  German  representatives  the 
principle  of  absolute  autonomy  of  the  English  dyestuffs  industry 
corresponding  to  the  needs  of  peace  time  as  well  as  to  those  of 
war.  The  French  Dyestuff  Company  has  been  able  to  come  to 
the  agreement  of  which  I  have  spoken.  Now,  in  France,  we 
only  import  15  per  cent  of  our  total  consumption  of  dyestuffs. 

The  International  Congress  of  Geology  has  just  been  held  at 
Brussels.  One  of  the  questions  which  they  have  been  discussing 
with  much  breadth  is  that  of  sources  of  petroleum.  A  specialist 
in  this  matter,  Mr.  Voitesti,  of  the  I'niversity  of  Cluj  (Roumania) 
has  examined  the  sources  of  petroleum  in  the  Transylvanian 
region.  Mr.  Bogdano^-itch  showed  the  parallelism  of  bituminous 
and  petroleum  deposits  with  the  richness  in  phosphates  of  neigh- 
boring rocks.  The  author  came  to  this  conclusion  following  the 
discovery  of  bituminous  and  phosphate  schist  in  the  state  of 
Montana,  U.  S.  A. 

From  October  9  to  15  there  will  take  place  in  Paris  the  Inter- 
national Congress  of  Combustible  Liquids,  presided  over  by 
Prof.  Sabatier,  a  member  of  the  Institute.  This  Congress  is 
divided  into  six  sections:  (1)  Petroleum,  (2)  Schists,  (3)  Coals 
and  Peats,  (4)  Tars  and  Benzol,  (5)  Alcohols,  and  (6)  Vegetable 
Oils. 

September  I.  1922 
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The  fi.xation  of  atmospheric  nitrogen  is  an  important  problem 
in  Kuropcan  countries  and  also  in  Japan.  Under  the  jurisdic- 
tion of  the  Agricultural  and  Commercial  Department,  an  in- 
stitute, Special  Research  Laboratory  for  Nitrogen,  was  estab- 
lished in  1917  at  Meguro,  near  Tokyo,  to  study  this  problem  and 
its  application  to  industr>'.  Dr.  Fusakichi  Odera,  formerly 
research  chemist  of  the  Tokyo  Industrial  Laboratory,  was  placed 
in  charge  of  the  laboratory.  Details  of  the  progress  of  the  in- 
stitute have  not  yet  been  published.  Three  reports  have,  how- 
ever, appeared:  concentration  of  nitric  acid  using  sulfuric  acid 
as  a  condensing  agent ;  a  general  review  of  the  fixation  of  atmos- 
pheric nitrogen ;  and  the  electrolysis  of  cyanamide,  its  salts,  and 
dicyandiamide  in  aqueous  solutions. 

The  same  problem  is  now  under  consideration  by  the  In- 
stitute of  Chemical  and  Physical  Research,  and  also  by  some 
fertilizer  companies.  Two  companies  were  foimded  by  the 
Mitsui  and  Mitsubishi,  with  plants  in  Kyushu,  and  employ 
the  cyanamide  process.  Suzuki  and  Company,  in  Kobe,  have 
recently  purchased  the  apparatus  and  patent  for  the  fixation 
of  nitrogen  from  Georges  Claude  of  France.  This  apparatus 
is  also  protected  by  the  Japanese  patent  law.  Founded  on 
this  and  other  patents,  the  Nitrogenous  Industrial  Company 
of  the  Claude  System  is  being  organized  with  a  capital  of 
15,00(),000  yen  to  manufacture  ammonia,  ammonium  sulfate, 
and  other  derivatives. 

The  fuel  situation  is  another  international  problem.  Recently, 
two  institutes  have  been  established  to  study  this  question: 
The  Research  Laboratory  of  the  Naval  Fuel  Department  at 
Tokuyama  in  Yamaguchi  Prefecture;  and  the  Fuel  Laboratory, 
of  which  Mr.  Manji  Yoshimura  is  in  charge.  The  latter,  which 
is  under  the  control  of  the  Agricultural  and  Commercial  De- 
partment, will  study  general  fuel  problems  and  their  industrial 
application.  The  former,  under  the  Naval  Department,  will 
conduct  research  work  on  fuels  for  ships. 

During  the  past  year.  Tatsuzo  Hatori  of  Minami-hirayan- 
agi-nura,  near  Kawaguchi-machi  in  Saitama  Prefecture,  made 
the  startling  annoimcement  that  by  heating  certain  common  sub- 
stances in  a  crucible  with  suitable  reagents,  he  had  succeeded 
in  isolating  some  small  silver  grains.  These  substances  did  not 
reveal  the  presence  of  silver  by  the  methods  ordinarily  employed. 
His  announcement  aroused  the  interest  of  chemists,  many  of 
whom  called  upon  him  and  examined  his  work.  But  they  could 
not  explain  his  findings.  Some  thought  them  fantastic.  The 
inventor  himself  has  not  been  able  to  offer  a  scientific  explana- 
tion. He  is  not  a  college  man  but  is  a  trained  technician.  Dr. 
Tsuneya  Marusawa,  professor  of  applied  chemistry  in  the 
Kyushu  Imperial  University,  and  Dr.  Sadahiko  Sato  are  greatly 
interested  in  his  work  and  arc  conducting  investigations  with  a 
view  to  finding  the  scientific  explanation  for  this  discovery. 
Dr.  Sato  has  recently  announced  that  he  can  isolate  silver  from 
some  substances  which  do  not  yield  silver  by  the  usual  analytical 
method,  but  has  not  yet  advanced  a  scientific  explanation. 

July  I.'.,  1022 


Books  and  journals  published  in  the  United  States  and  Euro- 
pean countries  are  frequently  bound  with  metallic  wires.  They 
are  not,  however,  suitable  for  Japan,  owing  to  the  great  humidity. 
Japan  is  a  wet  country,  the  humidity  being  at  a  minimum  in 
January,  alxjut  60  per  cent,  and  at  a  maximum  in  July,  about 
90  per  cent.  Metallic  wires  used  for  binding  books  and  journals, 
leathers  used  for  covering  cameras  and  other  purposes,  and  many 
wooden  articles  are  apt  to  be  destroyed  during  June  to  August. 

Many  patents  for  waterproof  paper  or  cloth  have  been  taken 
out.  Prof.  K.  Ikeda  has  |)erfected  a  process  for  the  manufacture 
of  drying  agents.  As  material,  Japanese  acid  clay  (fuller's 
earth)  was  selected,  which  is  being  largely  used  as  decolorizing 
material  of  mineral,  vegetable,  and  animal  oils.  The  clay  is 
compressed  to  a  prism  10  to  IT)  mm.  long  and  a  sectional  area  of 
about  4  sq  mm.,  and  heated  to  a  high  temperature.  By  passing 
moist  air  or  other  gases  through  a  layer  of  the  prism,  it  is  easily 
dried.  By  the  decrease  of  1  mm.  of  the  vapor  tension,  the 
temperature  of  the  gas  is  raised  by  2°.  When  the  absorbing 
power  of  the  clay  is  lost,  it  is  reactivated  by  heating  or  by  passing 
heated  air. 


A.  Maire,  chief  engineer  of  St.  Mcdard  powder-mill,  has 
visited  this  country  and  is  now  delivering  lectures  on  chem- 
istry and  technology  concerning  explosives,  etc.  The  visit  of 
American  chemists  is  very  much  welcomed.  It  would  be  a  great 
pleasure  if  we  could  hear  their  opinions  directly.  It  has  already 
been  announced  that  Prof.  Einstein  wUl  visit  this  countrj'  next 
autumn  and  deliver  some  lectures  on  his  great  theory.  If 
visitors  drop  into  our  laboratory,  everj'  assistance  in  our  power 
will  be  gladly  ofi^ered. 

Research  is  the  life  of  scientific  men  in  the  laboratory,  but  it 
consumes  money.  The  funds  for  research  in  universities,  tech- 
nical and  other  schools  are  not  plenty.  For  a  few  years,  the 
Educational  Department  has  been  granting  some  money  (about 
1000  to  3000  yen  per  problem)  to  scientific  men  in  universities, 
technical,  higher,  or  medical  schools,  etc.  This  year,  about  30 
professors  were  appointed  for  such  research.  Works  achieved 
by  this  fund  are  now  being  published  in  general  chemical  jour- 
nals or  special  memoirs  of  each  school. 

There  have  been  three  chemical  journals  written  by  Japanese — 
Journal  of  the  Chemical  Society  of  Japan,  formerly  Journal 
of  the  Tokyo  Chemical  Society,  founded  in  1880,  Journal  of  Chem- 
ical Industry,  founded  in  1898,  and  Journal  of  the  Pharmaceutical 
Society  of  Japan,  founded  in  1882.  This  year  two  new  chemical 
journals  have  been  published.  Acta  Phytochimica,  edited  by 
Prof.  K.  Shibata,  and  The  Journal  of  Biochemistry,  edited  by 
Prof.  S.  Kakiuchi.  They  contain  articles  written  in  English, 
French,  and  German. 

The  National  Research  Council  of  Japan  has  also  published 
this  year  one  proceedings  and  eight  journals — on  astronomy  and 
geophysics,  chemistry,  physics,  geology  and  geography,  botany, 
zoology,  medical  science,  and  engineering.  They  contain  trans- 
actions written  in  English,  PVench,  and  German,  and  abstracts 
written  in  English  of  articles  published  in  Japan.  Besides  these, 
we  have  one  chemical  news  (semimonthly),  two  rather  popular 
chemical  journals,  and  many  special  publications  from  insti- 
tutes,   colleges,    or    laboratories. 

An  institute  for  studying  metallic  materials  was  newly  es- 
tablished in  the  Tohoku  Imperial  University  in  Sendai  instead 
of  the  Iron  and  Steel  Laboratory,  Prof.  K.  Honda  being  ap- 
pointed as  the  director  of  the  Institute.  A  chair  for  biochem- 
istry has  been  established  in  the  Kyoto  Imperial  University  and 
is  held  by  Prof.  S.  Komatsu.  It  will  also  be  created  in  the  Tokyo 
Imperial  University  in  the  near  future. 

August  II,  1922 


A  Uniform  Working  Temperature 

For  some  time  the  need  for  uniform  alcohol  tables  and  a  uniform 
temperature  for  making  routine  observations  has  been  felt. 
There  has  been  some  criticism  of  the  two  standards  now  in  most 
common  use,  that  of  the  A.  O.  A.  C,  which  is  based  on  the 
Bureau  of  Standards  table  20°/4°,  and  that  of  the  U.  S.  P., 
based  on  the  Bureau  of  Standards  tables  15.56°/15..'56°.  In 
order  to  obtain  a  consensus  of  opinion  as  to  preferences,  the  fol- 
lowing questionnaire  was  recently  sent  out  to  members  of  the 
A.  O.  A.  C: 

1 — Are  you  in  favor  of  the  A.  O    A.  C.  alcohol  tables? 

2— Arc  you  in  favor  of  the  U.  S.  P.,  9th  Revision,  alcohol  tables? 

3 — What  single  working  temperature  do  you  consider  best  for  deter- 
mining specific  gravities,  optical  readings,  refractive  indices,  immersion 
rcfractometer    readings,    etc.? 

Of  the  replies  received,  the  vast  majority  voting  favor  the 
A.  O.  A.  C.  tables,  and  20°  as  the  best  temperature  for  making 
determinations. 

In  order  to  get  a  larger  and  more  representative  vote,  it  has 
been  suggested  that  others,  who  are  interested  in  establishing 
uniform  tables  and  temperature  for  making  observations,  send 
their  vote  on  the  three  questions,  especially  on  the  question  of 
uniform,  general  working  temperature.  The  preferences  of  the 
members  of  the  American  Chemical  Society  are  especially 
desired  in  this  matter.  Suggestions  should  be  sent  to  L.  F.  Keb- 
ler,  Chairman,  A.  O.  A.  C.  Committee  on  Pharmacopeial  Re- 
vision, Bureau  of  Chemistry,  Washington,  D.  C. 
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WASHINGTON  NOTES 


Dye  Situation 

On  August  17,  1022,  just  about  a  month  after  the  dye  embargo 
'         was  defeated  by  a  vote  of  32  to  .S8,  the  Senate,  by  vote  of  38  to 
23,  adopted  the  Bursum  Amendment,  which  increased  the  chity 
I         on  coal-tar  intermediates  from  SO  per  cent  ad  \ah)rcm  and  7 
1"        cents  per  lb.  foreign  valuation  to  7.')  per  cent  ad  valorem  and 
^         lO'/a  cents  per  lb.  American  valuation.     It  also  increased  the 
duty  on  coal-tar  chemicals  and  dyes  from  (50  per  cent  ad  valorem 
and  7  cents  per  lb.  foreign  valuation  to  i)()  per  cent  ad  valorem 
and  lO'A  cents  per   lb.  American  valuation.     It    further   cm- 
powered  the  President,  after  thorough   investigation,   to  make 
certain  reductions  in  these  schedules. 

When  the  conferees  reached  this  item  in  their  consideration 
of  the  Tariff  Bill,  they  rejected  the  Bursum  Amendment  and 
substituted  the  dye  embargo.  Then  the  House  took  its  turn 
and,  after  an  acrid  debate  of  several  hours,  by  a  vote  of  177  to 
130,  recommitted  the  bill  to  the  conferees  with  instructions  to 
abandon  the  embargo  and  to  place  potash  on  the  free  list.  It  is 
believed  that  it  was  this  linking  of  the  dye  embargo  with  potash 
that  caused  the  defeat  of  both  in  the  House.  The  conferees 
agreed  to  the  action  taken  in  the  House,  but  with  the  proviso 
that  the  new  rates  adopted  should  be  based  upon  American 
valuation. 

And  now,  as  we  go  to  press,  another  step  has  been  taken 
toward  the  restoration  of  the  dye  embargo.  On  September  16, 
Senator  Wadsworth  introduced  a  Joint  Resolution  in  the  Senate, 
providing  that  the  embargo  be  extended  for  four  months  after 
the  passage  of  the  Tariff  Bill.  On  the  following  day  Represen- 
tative Tilson  introduced  a  similar  resolution  in  the  House,  ex- 
cept that  under  the  terms  of  the  House  Resolution  the  embargo 
is  to  be  retained  for  three  months  instead  of  four.  Coincident 
with  this  action.  Secretary  Mellon  called  attention  to  the  diffi- 
culty that  will  be  experienced  by  customs  officials  in  determining 
American  values,  and  suggested  that  time  be  allowed  these  officers 
to  determine  the  American  values  on  dyes  imported  into  this 
country. 

The  dye  industry  is  having  a  hard  fight,  but  it  seems  incredible 
that  a  way  will  not  be  found  to  insure  the  adequate  protection 
of  this  industry. 

Helium  Plant  Reopened 

A  large  plant  for  the  extraction  of  helium  from  natural  gas 
has  been  reopened  at  Fort  Worth,  Texas.  The  appropriations 
made  by  Congress  for  this  work  are  sufficient  to  permit  the  plant 
to  operate  for  practically  the  entire  year.  It  is  under  the  general 
supervision  of  the  Na\-y  and  is  operated  by  the  Linde  Company 
under  a  goverimient  contract.  The  plant  has  been  shut  down 
since  November  1,  1921. 

Dye  Production  in  1921 

A  report  of  the  United  States  Tariff  Commission  states  that 
on  account  of  the  loss  of  export  trade,  business  depression,  and 
large  stocks  on  hand,  the  dye  production  in  this  countr\'  showed 
a  marked  decline  as  compared  with  the  previous  year.  However, 
notwithstanding  poor  business  conditions,  a  considerable  number 
of  complex  dyes  were  developed  and  introduced  during  the  year. 
Many  of  these  dyes  are  essential  to  special  processes  of  dyeing 
and  printing,  although  the  quantity  consumed  makes  them  of 
secondary  importance  from  that  standijoint.  The  development 
of  these  new  products  is  a  notable  technical  achievement  and 
represents  further  progress  toward  rounding  out  our  coal-tar 
chemical  industry. 

There  were  201  firms  manufacturing  coal-tar  derivatives  in  1921 . 
The  output  of  dyes  by  74  of  these  firms  was  something  more 
than  39,000,000  lbs.,  representing  a  decrease  of  56  per  cent  from 
the  1920  production.  The  sales  during  the  same  period  were 
more  than  47,000,000  lbs.,  with  a  value  exceeding  539,000,000. 
Sales  exceeded  production  by  22  per  cent,  indicating  clearly  the 
presence  of  large  stocks  carried  over  from  the  previous  year's 
abnormally  high  production.  The  sales  for  1921  exceeded  the 
imports  of  1914.  when  nearly  46,000,000  lbs.  were  imported  and 
6,000,000 lbs.  of  dyes  made  from  German  imported  intermediates. 

It  is  worth  noting  that  the  average  price  of  all  dyes  in  1921  was 
83  cents  per  lb.,  compared  with  a  value  of  $1.08  per  lb.  in  1920 
andSl.26  for  1917.  The  importations  were  3,914,036  lbs.  valued 
at  SI. 32  per  Jb.,  making  a  total  of  $5,155,779,  compared  %vith 
$5,763,437  for  3,402,582  lbs.  the  previous  year.     Of  the  dyes  im- 


ported, Germany  supplied  about  48  per  cent,  Switzerland  41 
per  cent,  England  7  per  cent,  and  other  countries  4  per  cent. 

Exports  of  American  dyes  for  1921  decreased  nearly  79  per  cent 
as  compared  with  1920.  They  were  less  than  for  the  year  1917 
when  the  vast  expansion  of  domestic  dye  industries  from  those  of 
pre-war  times  occurred. 

The  development  of  the  synthetic  organic  chemical  Industry 
has  been  similar  to  that  of  the  dye  industry,  and  the  production 
of  raedicinals,  perfumes,  flavoring  ingredients,  and  .solvents  is 
21,.545,186  lbs. 

Government  Rmplovees 

The  following  statistics  taken  from  data  issued  by  the  Civil 
Service  Commission  show  the  changes  in  the  number  of  govern- 
ment employees  which  are  wholly  or  principally  the  result  of  the 
World   War: 

Employees  in  Kmployces  Out- 
District  of  side  District  of 
Columbia  Columbia 

June  30,  1922  June    30,    1922 

State 595  3.2S7 

Treasury 19,860  36,110 

War 4,921  46,358 

Navy 7,377  48,470 

Labor 1,161  2,364 

Shipping  Board' 1,888  2.182 

Railroad  Administration 1,123  124 

Alien  Property  Custodian 139  

Supt.,  State,  W.  &  N.  BIdgs 1,006  

Veterans'  Bureau 5,321  26,481 

Railroad  Labor  Board ....  75 

Civil  Service  Commission 379  30 

Totals  43,770  165,451 

'  Include  administrative  offices  of  Emergency  Fleet  Corporation,  but 
not  workmen  at  yards  or  employees  in  warehouses  or  on  vessels. 

Summary 

In  District  of  Outside  District 

Number  of  Employees         Columbia       of  Columbia  Total 

'June  30,  1916 39,442  39S,61.t  438,057 

June  30,  1922 69,980  490,883  560,863 

INCRBASB,  Entire  Sbrvicb       30,538  92,268  122,806 

The  Surgeon  General  Desires  Cooperation  on  the  Part  of 
Industry 

As  part  of  a  comprehensive  study  under  the  direction  of  the 
Assistant  Secretary  of  War,  the  Medical  Department  of  the  Army 
is  undertaking  a  study  of  the  sources  from  which  the  supplies 
which  it  uses  can  be  obtained.  The  Medical  Department  is 
not  only  concerned  with  the  provision  of  the  persomiel  neces-sary 
to  the  treatment  of  the  sick,  but  is  also  charged  with  the  supply  of 
those  things  that  are  required  by  such  personnel. 

The  armamentarium  of  modem  medicine  is  exceedingly  intri- 
cate, but  without  it  the  wonderful  advances  made  in  medicine 
are  not  available  to  the  sick  and  injured,  however  skilful  the 
personnel.  The  difficulties  encountered  in  providing  such 
elaborate  equipment  in  time  of  war  for  the  large  number  of  new 
hospitals,  infirmaries  and  first  aid  stations  necessary,  and  particu- 
larly in  providing  it  at  these  institutions  in  the  advance  area, 
are  manifest,  and  yet,  if  the  soldier  is  to  be  given  the  service  that 
he  is  entitled  to,  it  must  be  pro\nded. 

In  a  war  of  any  magnitude  the  burden  thrown  upon  industry 
for  the  production  of  these  supplies  is  enormous.  .-Vny  informa- 
tion that  could  be  made  available  in  advance  to  industry  as  to 
type,  number,  and  quality,  would  obviously  be  of  great  advantage 
to  industry  in  its  plans.  The  Surgeon  General,  therefore,  side  by 
side  with  his  plans  for  the  extension  of  the  Officers'  Reserve  Corps, 
with  his  plans  for  instructing  medical  students  through  the  R.  O. 
T.  C.  in  those  duties  of  a  medical  officer  which  differ  from  those 
of  the  civilian  physician,  is  determining  where  the  supplies  needed 
by  these  officers  may  be  had,  should  any  grave  emergency  arise. 

This  effort  is  an  attempt  to  do  beforehand  what  was  necessary 
after  the  declaration  of  war  in  the  recent  World  War.  It  is  in 
recognition  of  the  fact  that  the  forces  of  the  Medical  Department, 
however  numerous  and  skilful  they  may  be,  will  be  but  half  pre- 
pared without  tlie  necessary  equipment.  In  brief,  the  program 
contemplates:  (1)  That  a  careful  determination  shall  be  made, 
not  only  of  the  items  needed,  but  of  the  quantity  thereof.  If  a 
close  liaison  with  industry  is  established,  it  is  probable  that  final 
decision  as  to  the  type  of  an  article  selected  will  be  determined 
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often  by  tht  facilities  of  industry  to  produce  it  in  large  quantity; 
(2)  the  plancontemplatesalsoarosterof  personnel  skilled  in  the 
manufacture,  and  the  inspection  and  purchase  of  the  various 
commodity  groups.  It  is  desired  to  secure  from  industry  itself 
men  who  are  eligible  and  will  accept  reserve  corps  commissions 
with  a  view  to  their  assignment  in  time  of  emergency  to  the  pro- 
curement of  the  commodity  in  which  they  are  specialists.  It  is 
purposed  that  upon  these  men  reliance  will  be  placed  in  time  of 
peace  for  advice  and  assistance  in  the  study  of  industrial  facilities, 
and  that  in  time  of  war  they  will  be  assigned  to  the  centers  of 
industry  or  to  Washington  for  procurement  duty;  (3)  the 
plan  further  contemplates  that  a  thorough  study  be  made  of  the 
facilities  of  the  country  to  produce  the  essential  and  important 
items  of  the  supply  table,  and  to  have  on  file  in  the  ofiicc  of  the 
Surgeon  General  such  reports  as  will  enable  the  immediate  plac- 
ing of  contracts  in  the  event  of  any  national  emergency. 

In  this  work  the  Surgeon  General  realizes  that  he  must  rely 
upon  industry  itself,  and  it  is  hoped  to  secure  definite  and  com- 
plete information  from  the  manufacturers  as  to  the  aid  they  can 
render.  It  is  probable  that  in  an  emergency  of  any  magnitude 
Congress  wouUl  again  establish  control  of  raw  materials,  labor, 
transportation,  and  installations;  and  the  medical  department 
expects  that,  with  such  information  on  file,  it  will  be  in  a  position 
to  render  great  a.ssistancc  to  the  firms  making  medical  depart- 


ment supplies.  It  can  prevent  the  drafting  of  skilled  labor, 
the  taking  of  key  men,  can  assure  the  supply  of  material,  of 
coal,  and  of  transportation,  and  thus  obviate  difficulties  in  the 
operation  of  the  plant.  

At  the  direction  of  Secretary  Fall  of  the  Interior  Department, 
T.  E.  Swigart,  petroleum  technologist,  and  C.  E.  Beecher,  oil 
recovery  engineer,  of  the  Bureau  of  Mines,  have  been  designated 
to  compile  a  handbook  of  conservation  methods  in  petroleum 
production,  to  be  used  by  operators  on  leased  public  lands. 
The  manual  will  include  discussions  of  sources  of  wastes  in  oil  and 
gas  fields;  suggested  methods  of  preventing  wastes  in  the  produc- 
tion of  oil  and  gas;  and  a  complete,  revised  set  of  rules,  regulations, 
and  penalties  for  violation  of  regulations  as  applied  to  oil  and  gas 
production  on  public  lands  of  the  United  States. 

The  Carbohydrate  Laboratory  of  the  Bureau  of  Chemistry  has 
developed  a  cheap,  effective,  and  rapid  process  for  preparing 
chocolate  creams  having  very  soft  cream  centers.  Invertase, 
instead  of  an  acid,  has  been  used  to  secure  the  serailiquefaction 
of  the  centers,  the  flavor  developed  being  superior  to  that  ordi- 
narily secured  by  other  methods.  Application  has  been  made  for 
a  public  service  patent  to  cover  this  process. 

September  18,  1922 


OBITUARY 


Dr.  Jokichi  Tiik;imiiu' 

/^N'LY  to  a  few  men  is  the  opportii- 
^^^  nity  given  to  act  as  so  strong  a 
link  between  two  nations  as  was  Jokichi 
Takaminc,  who  died  in  I.*nox  Hill  Hos- 
pital, New  York,  N.  Y.,  on  July  22,  1922, 
at  the  age  of  07,  after  an  illness  of 
many  months.  His  earnest  desire  for 
lasting  friendship  and  good  understanding 
iK-tween  his  native  land  of  Japan  and  his 
adopted  home  of  America  was  continually 
evidenced  in  his  manifold  activities. 

Dr.  Takaminc  was  born  November  .'J, 
18,54,  in  Takaoka,  Japan,  his  father  being 
physician  to  the  Prince  of  Kaga.  At  the 
age  of  twelve  he  was  sent  to  Naga-saki  to 
study  under  the  tutelage  of  the  Portu- 
guese consul,  and  later  went  to  Osaka 
to  study  medicine.  He  became  more  in- 
terested in  chemistry  than  in  medicine, 
and  entering  the  Imperial  I'nivcrsity  at 
Tokyo  graduated  as  a  chemical  engineer 
in  1S79.     The  government  then  sent  him 

to  Great  Britain  for  three  years'  special  study  in  the  Univer- 
sity of  Glasgow  and  Andersonian  University.  Upon  his  return 
to  Japan  he  was  appointed  chief  chemist  of  the  Department 
of  .AKriciiltiire  and  Commerce.  His  work  in  this  capacity  did 
much  to  in)|)rove  the  brewing  industry  of  Japan  and  led  to 
his  lifelong  activity  in  the  scientific  investigation  and  commercial 
development  of  diastatic  ferments.  In  1884  he  came  as  repre- 
sentative of  the  Japanese  government  to  the  Cotton  Centennial 
ICxposition  at  New  Orleans.  Here  he  met  Miss  Caroline  Hitch, 
whom  he  married  in  188,5.  He  planned  to  make  his  home  in  the 
United  Slates,  but  returned  to  Tokyo  in  1887  to  erect  there  the 
first  superphosphate  plant  in  Japan.  In  1890,  he  again  came  to 
America,  and  not  long  thereafter,  .as  the  result  of  his  researches 
upon  diastatic  ferments,  organized  the  Takamine  Ferment  Com- 
pany in  Chicago.  These  same  researches  resulted  in  the  de- 
velopment of  Takadiastase  for  medicinal  use. 

In  19(X)  his  isolation  of  crystallized  adrenalin  as  the  active 
principle  of  the  suprarenal  glands  brought  to  a  climax  a  long 
scries  of  re.searches  by  various  eminent  men,  and  made  its  com- 
mercial  production   possible.     It  is  in  this  connection  that  the 


name  of  Takamine  is  most  widely  known. 
He  was  instrumental  in  the  establishment 
in  Japan  of  numerous  chemical  industries, 
including  the  production  of  alkali,  alumin- 
ium, fertilizers,  and  dyes,  and  also  formed 
there  a  large  pharmaceutical  corporation, 
Sankyo  and  Company. 

In  recognition  of  his  accomplishments 
the  University  of  Tokyo  in  1899  bestowed 
on  him  the  degree  of  Doctor  of  Chemical 
Engineering,  and  in  1906  that  of  Doctor 
of  Pharmacology.  His  ability  was  so 
highly  esteemed  by  his  native  country 
that  in  1913  the  Emperor  appointed  him  a 
meinljcr  of  the  Royal  Academy  of  Science 
and  in  1915  decorated  him  with  the  Fourth 
Order  of  the  Rising  Sun. 

Dr.  Takamine's  industrial  interests  were 
many,  including  the  presidency  of  Sankyo 
and  Company  of  Tokyo,  the  Takamine 
Ferment  Co.,  the  International  Takamine 
Ferment  Co.,  and  Takamine  Laboratories, 
KAMiNB  Inc.     He   was   also   a  consulting  chemist 

for  Parke,  Davis  and  Company. 
His  scientific  and  social  relationships  were  equally  numerous. 
He  was  a  member  of  the  American  Chemical  Society,  The  Chem- 
ical Society  of  England,  the  Institute  of  Chemical  Engineers, 
and  the  Franklin  Institute,  as  well  as  one  of  the  founders  of 
The  Chemical  and  Physical  Research  Society  of  Japan.  Besides 
holding  membership  in  many  New  York  clubs,  he  was  chiefly 
instrumental  in  founding  the  Nippon  Club  of  New  York  and  the 
Japan-America  Society,  and  was  among  the  founders  of  the 
Japan  Club  and  the  Japanese  Association  of  New  York. 

Those  who  knew  him  personally  will  remember  him  best  for 
his  kindliness,  his  thoughtfulne.ss  of  others,  and  his  intense  de- 
votion to  every  duty  he  deemed  to  be  his. 

His  industrial  ability  achieved  commercial  success  for  him- 
self and  others;  his  scientific  attainments  brought  him  deserved 
honors;  but  a  no  less  important  contribution  to  the  world's  wel- 
fare was  the  years  of  quiet  and  persistent  endeavor  to  promote 
enduring  friendship  between  two  great  peoples;  to  interpret  to 
each  other  the  nations  of  his  birth  and  his  adoption. 

Frank  O.  Taylor 


Oct.,  1922 


THE  JOVRSWL  OF  INDUSTRIAL  AND  ENOINEERINC  CHEMISTRY 


901 


Personals 


Industrials 


Mr.  Robert  I.  Wray  and  Mr.  Fulton  B.  Flick  have  accepted 
positions  in  the  Research  Hurcau  of  the  Ahnninum  Company 
of  America,  New  Kensington,  Pa. 

Mr.  John  W.  Crombie  is  now  research  associate  at  the  American 
Sheet  &  Tin  Plate  Research  Laboratory,  Pitt.sburgh,  Pa. 

Mr.  Donald  E.  Cable  has  resigned  as  assistant  research  chemist 
in  the  Agriotdtiiral  Kxperiment  Station  of  the  University  of 
Wyoming  and  has  been  awarded  a  university  fellowship  in 
chemical  engineering  at  Coluniljia  University. 

On  July  31,  Dr.  H.  D.  Gibbs  resigned  his  connection  as  re- 
search chemist  with  H.  I.  du  Pont  dc  Nemours  &  Co.,  Wilmington, 
Del.,  and  will  take  a  much-needed  vacation.  For  the  present 
his  address  will  be  c/o  Chemists'  Club,  New  York,  N.  Y.,  or 
c/o  Cosmos  Club,  Washington,  D.  C, 

On  July  1,  A.  A.  Holmes  resigned  from  the  staff  of  E.  B.  Badger 
&  Sons  Co.,  Boston,  Mass.,  to  accept  the  sales  managership 
for  the  Trona  Corporation.  His  headquarters  will  be  in  the 
Woolworth  Building,  New  York,  N.  Y. 

Dr.  James  Kendall  has  been  promoted  to  a  full  professorship 
at  Columbia  University.  He  is  to  begin  his  sabbatical  leave 
of  absence  next  February,  and  has  arranged  to  divide  his  time 
between  Stanford  University  and  the  University  of  California. 

Mr.  H.  Gardner  McKerrow,  who  for  the  past  three  years  has 
been  advertising  manager  for  the  National  AniUne  &  Chemical 
Co.,  Inc.,  has  resigned  and  will  engage  in  business  in  New  York, 
as  an  advertising  and  merchandizing  consultant,  specializing 
in  textile  and  chemical  matters. 

Mr.  M.  B.  Crowe  has  severed  his  connections  with  the  Crown 
Oil  &  Refining  Company  and  has  accepted  a  position  in  the 
Acid  Recovery  Department  of  the  United  Lead  Co.,  Houston, 
Texas. 

Mr.  Ulric  J.  Lebounreau,  Stamford,  Conn.,  has  resigned  from 
the  Atlas  Powder  Co.,  where  he  was  engaged  in  experimental 
development  work. 

Dr.  Gerald  L.  Wendt  resigned  on  July  1  as  associate  professor 
of  chemistry  at  the  University  of  Chicago  to  join  the  staff  of 
the  Standard  Oil  Company  of  Indiana  in  the  direction  of  research. 

Mr.  Leslie  H.  Webb,  vice  president  of  the  Wedge  Mechanical 
Furnace  Co.,  is  now  in  charge  of  the  Pittsburgh  office  of  the  Penn- 
sylvania Salt  Mfg.  Co.,  of  which  the  Wedge  Company  is  a  sub- 
sidiary. 

At  a  recent  meeting  the  State  Board  of  Regents  changed  the 
form  of  administration  of  the  graduate  work  of  the  LIniversity 
of  North  Dakota  from  that  of  a  department  in  charge  of  a 
graduate  committee  to  that  of  a  graduate  school,  and  Dr.  G.  A. 
Abbott,  head  of  the  chemistry  department,  was  appointed  dean 
of  the  graduate  school. 

Dr.  H.  C.  Trimble,  associate  professor  of  organic  and  physio- 
logical chemistry  in  the  University  of  North  Dakota,  has  been 
granted  leave  of  absence  in  order  to  pursue  special  studies  with 
Dr.  Folin  of  Harvard. 

Mr.  Washington  Piatt  has  resigned  his  position  as  production 
manager  of  the  Harris  Laboratories  to  become  associated  with 
the  Merrell-Soule  Sales  Corporation  of  Syracuse,  N.  Y.,  as 
manager  of  the  Technical  Service  Department. 

Mr.  F.  W.  Barker,  Jr.,  has  resigned  from  the  National  Aniline 
&  Chemical  Co.,  Inc.,  and  has  become  associated  with  The 
Kaumagraph  Co.,  New  York,  N.  Y. 

Prof.  Robert  E.  Wilson  has  left  the  Massachusetts  Institute 
of  Technolog>',  where  he  was  director  of  the  Research  Labora- 
tory of  Applied  Chemistry,  to  assume  direction  of  research  for 
the  Standard  Oil  Company  at  Whiting,  Indiana. 

Dr.  J.  A.  LeClerc  has  severed  his  connections  as  chief  chemist 
with  the  Miner-HUlard  Milling  Company  and  has  assumed  his 
duties  as  Special  Ageqt  in  the  Department  of  Commerce,  Wash-' 
ington,  D.  C. 

Dr.  T.  T.  Read,  chief  of  the  Information  Service  of  the  U.  S. 
Bureau  of  Mines,  was  appointed  official  representative  of  the 
American  Institute  of  Mining  and  Metallurgical  Engineers  to 
attend  the  International  Congress  of  Engineering  held  in  Rio 
de  Janeiro,  Brazil,  in  September. 

The  Trustees  of  Columbia  L^niversity  have  granted  Victor  K. 
LaMer,  instructor  in  chemistry,  leave  of  absence  for  the  year 
1922-23  to  accept  the  Wm.  Bayard  Cutting  Traveling  Fellow- 
ship. Dr.  LaMer  sailed  about  September  15  for  England  and 
Denmark,  where  he  will  continue  his  studies  in  physical  chera- 
istrv. 


On  July  26,  1922.  the  new  laboratories  otitheyResearch  Asso- 
ciation of  British  Rubber  &  Tire  Manufacturers  at  Croyden, 
England,  were  formally  opened.  The  asscK-iation  was  formed 
in  1919  for  the  study  of  the  fundamental  problems  of  thcrublier 
industry,  the  preparation  of  information  dealing  with  control  of 
manufacturing  operations,  the  testing  of  raw  materials  and 
final  products  for  practical  use,  the  collection  of  rubber  literature, 
the  adjudication  of  scientific  disputes,  and  the  coijrdination  of 
scientific  and  technical  work  in  national  emergencies.  Some 
practical  work  in  the  study  of  physical  and  chemical  problems 
has  been  carried  on  in  laboratories  at  I'niversity  College,  London, 
but  with  the  opening  of  the  new  laboratories  it  is  expected  that 
the  full  program  will  soon  be  put  into  execution. 

As  a  direct  result  of  the  amalgamation  of  the  General  Bakelite 
Co.,  the  Condensitc  Company  of  America,  and  the  Redmanol 
Chemical  Products  Co.,  the  Elcctroplax  Company  has  been  es- 
tablished at  Toronto.  The  company  is  being  financed  entirely 
by  Canadian  money,  and  will  produce  the  cold  molded  products 
and  the  various  industrial  articles  now  made  by  all  the  companies 
in  the  United  States.  The  officers  of  the  new  company  are ;  pres- 
ident and  general  manager,  H.  E.  Corey;  vice  president,  L.  V. 
Redman;  manager,  W.  M.  Davidson;  factory  superintendent, 
J.  B.  Rathbun;   chemist,  W.  A.  Campbell. 

Celite  Products  Limited  has  been  established  in  Canada  to 
market  Sil-O-Cel  and  Filter-Ccl  as  produced  by  the  Celite 
Company  in  the  United  States.  vSil-0-Cel  is  used  for  the  pre- 
vention of  excessive  heat  loss  from  boilers,  furnaces,  etc.,  while 
Filter-Cel  is  used  in  filtering  to  secure  greater  clarity  and  brilliance 
of  filtrate.  Mr.  Lawrence  Russel  has  been  appointed  Canadian 
manager,  with  offices  in  the  New  Birks  Building,  Montreal. 

Brotherton  &  Company  Ltd.,  Leeds,  England,  have  published 
a  booklet  entitled  "Hydros"  which  gives  in  some  detail  the 
method  employed  by  them  in  tlie  quantitative  determination 
of  sodium  hydrosulfite. 

Jayne  &  Sidebottom,  Inc.,  New  York  City,  have  been  appointed 
by  the  Darco  Sales  Corporation  as  sole  selling  agents  in  the  New 
York  metropolitan  district  and  New  Jersey  for  Darco  decolorizing 
carbons. 

The  Salt  Lake  Insecticide  Co.,  Salt  Lake,  Utah,  has  begun 
work  on  its  plant  for  manufacturing  calcium  arsenate  from  the 
Scorodite  ore  found  in  the  Gold  Hill  district,  Utah.  The  arsenic 
ore  is  said  to  be  high  grade  and  is  located  in  a  hill  of  limestone- 
granodiorite.  Dr.  Frank  K.  Cameron  discovered  the  process 
by  which  the  ore  can  be  economically  treated  and  manufactured 
into  calcium  arsenate,  and  will  act  as  general  manager  of  the 
plant. 

The  Westmoreland  Chemical  &  Color  Co.,  Philadelphia,  Pa., 
has  had  its  plant  closed  as  a  public  nuisance  by  order  of  the 
director  of  the  Health  Department.  For  several  years  there 
have  been  complaints  that  the  escape  of  sulfuric  acid  fumes  has 
caused  considerable  damage  to  property  and  the  health  of  the 
residents  in  that  section  of  the  city,  but  until  recently  the  com- 
pany has  been  able  to  have  definite  action  deferred  on  the  plea 
that  it  was  working  on  a  special  washer  that  would  enable  it  to 
recover  the  acid.  The  present  order  requires  that  the  plant 
shall  remain  closed  until  a  system  shall  have  been  installed  that 
will  effectually  prevent  the  escape  of  the  acid  fumes. 

The  Cellulose  Products  Co.,  incorporated  imder  the  laws  of 
Delaware  for  the  purpose  of  manufacturing  artificial  straw  and 
hair,  is  to  have  a  modem  brick  and  steel  factory  building  erected 
for  it  by  the  Chamber  of  Commerce  of  Milford,  Del.  It  is  said 
that  this  plant  will  be  the  first  of  its  kind  in  America. 

The  following  statistics  are  given  relative  to  the  exports  from 
and  imports  into  the  United  States  of  dyes  during  June  1922: 

Exports 

Vegetable  Dye  Extiucts  Lbs. 

Logwood  extract 2f f'i-i 

Other  dye  extracts 286,8o4 

Coal-Tar  Colors,  etc. 

Color  lakes oo«  S?? 

Other  colors,  dyes,  and  stains jy5,»/o 

Imports 

Lbs. 

.\Uzarin  and  alizarin  dyes rJi'^I 

Colors  or  dyes ^H^n 

Indigo  syntheUc. . . . ■■••■■. ».5i'S4o 

Extracts  and  decoctions  for  dyeing ;iZA,£-iiv 
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Der  Betriebs-Chemiker.  Ein  Hilfsbuch  fiir  die  Praxis  des 
Chemischen  Fabrikbetriebes.  By  Dr.  Richard  DnjRBACH, 
Fabrikdircktor,  and  Dr.  Inc.  Bruno  WaESER,  Chemiker. 
3rd  edition,  x  +  334  pp.,  117  illustrations.  Julius  Springer, 
Berlin.   1921. 

An  examination  of  this  excellent  publication  awakens  a  sense 
of  the  need  for  a  similar  handbook  in  English,  adapted  to  conditions 
prevailing  in  industrial  chemical  pbnts  on  this  continent.  This 
is  exactly  the  book  for  the  young  chemist  or  chemical  engineer  find- 
ing his  place  in  the  operating  organization  of  a  chemical  industry 
for  the  first  time.  It  gives  a  vast  fund  of  detailed  information 
concerning  those  important  details  which  most  textbooks  sublimely 
ignore.  The  availability  of  such  a  book  in  English  would  un- 
doubtedly eliminate  the  asking  of  many  questions,  and  would 
prevent  many  foolish  mistakes  in  setting  up  chemical  plant  of  all 
kinds. 

The  book  is  conveniently  divided  into  sections,  the  first  of  which 
constitutes  the  bulk  of  the  book.  This  section  is  divided  into 
chapters  on  materials  of  construction,  piping,  valves,  meters, 
furnaces,  boilers,  engines  and  electrical  power  transmission, 
material  handling,  and  ptimping  equipment.  The  second  section 
deals  with  the  location  and  constniction  of  buildings;  the  third, 
with  the  functions  of  the  industrial  chemist,  and  the  maintenance 
of  lalx)ratories;  the  fourth,  with  safety  engineering;  and  the  fifth 
is  a  sort  of  symposium  of  short  papers  on  various  manufacturing 
operations,  grinding,  mixing,  evaporating,  distilling,  drj'ing,  etc. 
Unfortunately,  the  authors  have  felt  it  necessary  to  hmit  them- 
selves to  very  few  pages  on  each  of  these  subjects,  and  the  in- 
formation given  is  hardly  full  enough  to  be  of  any  real  help  and 
the  material  is  probably  included  here  merely  for  the  sake  of 
completeness.  The  sixth  section  gives  a  very  brief  treatment  of 
by-products;  the  seventh  deals  with  chemical  plant  accounting, 
but  merely  skims  the  surface  of  this  involved  subject;  and  the 
eighth  deals  with  packing  and  shipping. 

The  book  is  well  printed  and  the  illustrations  are  excellent. 
The  binding,  however,  is  not  particularly  well  adapted  to  the 
hard  service  which  such  a  book  must  receive, 

F.  M.  Turner,  Jr. 


Power  Alcohol:  Its  Production  and  Utilization.  By  C.  W. 
MoNiER-WiLHAMS.  O.B.E.,  M.C.,  M.A,  Ph.D.  323  pp. 
Henry  Froudc  and  Hodder  &  Stoughton,  London,  1922.  Price, 
21s.  net. 

This  book  appears  at  a  time  when  it  is  most  needed.  Alcohol 
will  unquestionably  be  one  of  the  ingredients  of  the  future  motor 
fuel.  The  author  should  be  commended  for  his  efforts  to  help 
at  this  critical  time  and  congratulated  on  his  able  presentation  of 
the   subject. 

The  motor  fuel  problem  is  clearly  defined  in  the  first  chapter; 
more  stress  should  be  laid,  however,  on  the  possible  development 
of  the  stc;im  engine  for  motor  purposes. 

Three-fifths  of  the  book  is  given  over  to  the  manufacture  of  al- 
cohol. This  is  as  it  should  be.  The  chapters  on  fermentation  are 
dear,  though  technical.  Perhaps  a  better  appreciation  of  the 
conililions  in  tlic  United  States  and  of  the  importance  of  molasses 
would  improve  the  treatise  as  an  international  text.  The  addition 
of  more  engineering  detail  would  have  increased  the  value  of  the 
book.     Tliis  is  cs[>ccially  tnie  of  the  chapter  on  distillation. 

Dr.  Monier-Williams  has  analyzed  the  situation  without  stating 
his  perstmal  conclusions,  leaving  the  reader  to  form  his  own 


opinions  which  could  be  done  more  quickly  it  the  author  had 
summarized  his  data.  • 

The  remaining  two-fifths  of  the  book  deals  with  denaturation, 
the  internal  combustion  engine,  properties  of  alcohol,  fuel  tests,  and 
fuel  mixtures.  The  importance  of  the  denaturant  is  well  brought 
out.  The  chapters  on  the  internal  combustion  engine,  and  on 
properties  of  alcohol,  arc  concise  and  clearly  stated.  The  chapter 
covering  motor  fuel  tests  is  an  excellent  review  of  the  reliable  work 
that  has  been  done,  but  a  one-page  summary  of  the  results  would 
aid  the  reader  in  obtaining  a  clearer  perspective.  The  final  chapter 
describing  fuel  mixtures  deserves  more  space  because  of  its  present 
interest. 

The  author  states  that  alcohol  is  not  going  to  become  im- 
mediately a  competitor  of  gasoUne  but  a  mixture  containing  alcohol 
will  soon  become  a  substitute  for  gasoline.  He  does  not  state, 
however,  that  gasoline  must  be  one  of  the  components  of  this 
mixture,  an  opinion  that  is  held  by  many. 

"Power  Alcohol"  is  of  particular  importance  to  the  English 
reader,  but  the  American  will  find  it  both  interesting  and  valuable 

D.  B.  KeyES 


KoUoide  Losimgen.  By  Joachim  Leimdorfbr.  107  pp. 
Verlag  fiir  Chem.  Industrie,  H.  Ziolkowsky,  G.  m.  b.  H. 
Augsburg,  Germany,  1921.     Price,  M.  65  +. 

The  author,  who  is  well  known  for  bis  work  on  soaps,  takes 
great  pains  to  give  colloids  their  proper  perspective  and  his 
book  (whose  preface  dated  August  1914  indicates  a  long  delay 
in  its  publication)  possesses  a  somewhat  philosophical  character. 

Starting  with  three  essentials:  (1)  material  movable  particles 
(matter) ;  (2)  motion  (energy) ;  and  (3)  space,  he  points  out  that 
the  three  ideal  states  of  the  aggregation  of  matter — gas,  liquid 
and  solid — may  coexist.  From  the  work  of  von  Weimam  and 
O.  Lehmann,  the  author  concludes  that  aggregation  is  the  con- 
sequence of  the  vectorial  orientation  of  matter,  and  he  terms 
"crystal  atoms"  small  material  units  whose  sizes  run  between 
those  of  atoms  and  those  of  biological  cells,  and  whose  combi- 
nation may  yield  macroscopic  crystals  or  develop  to  cellular  size. 

Condensing  matter  gives  off  energy  to  the  surrounding  "sol- 
vent," and  may  yield  coarse  mechanical  subdivisions,  colloidal 
dispersions,  or  chemical  combinations.  In  true  solutions  the 
forces  are  balanced,  but  colloidal  solutions,  possessing  residual 
potential  energy,  are  labile.  Chemical  combinations  are  broadly 
distinguished  from  dispersions  in  that  the  units  involved  are  of  a 
definite  size,  which  persists  under  fixed  conditions. 

The  book  is  deficient  in  experimental  matter,  but  gives  a 
general  review  of  the  subject  based  mainly  on  the  work  of  Thomas 
Graham,  Wo.  Ostwald,  P.  P.  von  Weimarn,  and  others.  During 
the  seven  years  that  the  manuscript  lay  dormant,  great  strides 
have  been  made,  and  it  will  be  interesting  to  see  how  the  author 
will  react  in  a  new  edition,  when  he  becomes  acquainted  with 
the  more  recent  work  of  American  and  British  physicists  and 
chemists,  i.  e.,  of  Thompson,  Rutherford,  Aston  and  Moseley, 
W.  C.  McC.  Lewis,  H.  R.  Procter  and  J.  A.  Wilson,  of  Milliken, 
Langrauir,  Harkins,  and  G.  N.  Lewis,  of  T.  W.  Richards, 
J.  Loeb,  M.  H.  Fischer,  and  many  others.  His  views  will  also  be 
modified  by  the  results  of  Scherrer  at  Gottingen  with  Bragg's 
X-ray  spectrometer,  which  showed  that  colloidal  solutions  (i.  e., 
of  SiOa  and  SnOs)  may  contain  both  crystalline  and  amorphous 
or  haphazard   molecular  clusters,   whereas   gelatin  showed   no 


crystalline  groups. 


Jerome  Alexander 


Oct.,  1922 
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The  Manufacture  of  Pulp  and  Paper  by  the  Joint  Committee  on 
Vocational  Education.  Vol.  3.  Joint  Commitlcc  on  X'ocational 
Education  ri-presenting  the  Pulp  and  Paper  Industry  of  the 
United  States  and  Canada.  McGraw-Hill  Book  Co.,  Inc., 
New  York,  1922.     Price,  $5.00. 

This  volume  by  uine  experienced  men  contains  a  very  full 
account  of  this  subject  to  date,  and  the  appliances  and  processes 
are  very  well  illustrated.  In  general,  the  authors  have  not  been 
as  conscious  of  tlieir  audiences  (students)  as  they  should  have 
been.  Descriptive  matter  has  been  given  more  prominence 
than  underlying  principles,  through  which  alone  progress  is 
made.     There  is  considcraljle  overlapping  and  repetition. 

Somewhere  in  the  complete  book  a  discussion  of  the  power 
plant,  water  supply,  and  transportation  in  the  maiuifacturing 
proce.sses  should  have  been  covered.  As  a  work  of  reference  a 
more  complete  bibliography  should  have  been  included. 

The  book  commends  itself  as  the  product  of  practical  men 
rather  than  book-makers.  The  committee  and  the  associations 
they  represent  deserve  only  praise  for  undertaking  such  a  task 
designed  to  enlighten  all  those  connected  with  the  manufacture  of 
pulp  and  paper  in  order  to  keep  it  in  the  front  ranks  of  industry. 

Martin  L.  Griffin 

The  Chemistry  of  the  Non-benzenoid  Hydrocarbons  and  Their 
Simple  Derivatives.  By  BENJA^UN  T.  Brooks.  612  pp. 
The  Chemical  Catalog  Company,  Inc.,  New  York,  1922. 
Price,  S7.00. 

This  volume  is  chiefly  a  compilation  of  detailed  information 
regarding  a  wide  range  of  hydrocarbons  and  derivatives  not  in- 
cluded in  what  is  usually  referred  to  as  the  benzene  series.  Much 
of  the  material  presented  is  not  found  in  the  generally  available 
textbooks  of  organic  chemistry,  and  for  this  reason  the  book 
will  undoubtedly  be  appreciated  by  chemists  who  lack  the  time 
or  facilities  to  review  original  literature.  It  promises,  also,  to 
serve  as  a  convenient  bibliography  of  hydrocarbon  chemistry. 

The  volume  represents  a  tremendous  amount  of  work,  but  it 
is  obvious  that  the  author  has  devoted  more  effort  to  the  collec- 
tion of  his  material  than  to  the  method  of  presenting  it.  The 
reviewer  recognizes  the  impossibility  of  developing  an  absolutely 
satisfactory  classification  of  all  the  types  of  compounds  discussed, 
but  believes,  nevertheless,  that  it  would  be  possible  to  effect  con- 
siderable improvements  in  the  arrangement  employed  in  the 
present  work. 

The  typographic  make-up  of  the  book  could  undoubtedly  be 
improved,  and  a  more  judicious  selection  and  systematic  use 
of  titles  and  sub-titles  would  be  advantageous.  Several  in- 
stances of  misspelling,  probably  due  to  insufficient  care  in  proof- 
reading, have  been  noted. 

E.  W.  DE.4N 

Women  in  Chemistry.  A  Study  of  Professional  Opporlunities. 
272  pp.  Bureau  of  Vocational  Information,  2  West  43rd  St., 
New  York,  N.  Y.  Price,  postpaid,  paper  bound,  §1.10; 
cloth  bound,  S1.60. 

This  guide  to  the  opportunities  for  woman  in  the  various 
fields  of  chemistry  will  be  of  great  help  to  those  who  are  trj'ing 
to  decide  upon  a  vocation.  Too  often  the  momentous  choice  is 
made  by  chance.  It  may  be  determined  at  the  critical  moment 
by  a  temporary  liking  for  a  particular  study,  by  the  influence  of 
a  teacher,  by  the  example  of  a  friend,  by  a  casual  newspaper 
item,  or  by  the  mere  drift  of  circumstance.  The  sensible  way  of 
settling  the  question  is  to  study  the  industry,  its  requirements 
and  opportunities,  its  present  pay  and  future  prospects,  and  then 
to  appraise  frankly  one's  own  capabiHties  and  disposition  for 
the  situations  attainable.  But  it  is  not  human  nature  to  pro- 
ceed in  such  a  rational  manner  in  such  important  matters,  and 


moreover  the  ncccs.<!ary  data  in  regard  to  the  conditions  and 
openings  in  any  given  industry  have  not  hitherto  been  made 
available.  That  excuse  for  ill-considered  choice  of  vocation'is 
now  being  removed  by  the  Bureau  of  Vocational  Information 
in  such  volumes  as  the  present. 

There  are  some  20,000  professional  chemists  in  the  United 
States  and  about  a  thousand  of  these  are  women.  It  is  therefore 
a  limited  field  but  offers  a  new  and  congenial  career  to  educated 
women.  Those  who  have  the  genius  for  original  research  will 
find  a  free  field  in  most  institutions.  For  able  and  well-quali- 
fied women  to  teach  chemistry  there  is  a  great  demand,  especially 
in  connection  with  home  economics.  Women  arc  doing  well  in 
analytical  work  in  hospitals,  industries,  and  government  labo- 
ratories. 

This  volume  discusses  each  of  these  fields  and  others,  giving 
frankly  its  advantages  and  disadvantages,  and  telling  what 
qualifications  and  training  arc  needed  and  where  the  training 
can  be  obtained.  Our  readers  will  be  interested  in  what  Dr. 
Ruth  Clark,  a  psychologist,  finds  to  be  the  quahties  most  neetUil 
for  success  in  the  field  of  chemistry: 

1 — Mechanical  ability  and  skill  above  the  average. 
2 — A  logical  mind. 

3 — Enjoyment  in  solving  concrete  detail  problems. 
4 — Physical  health  and  endurance  above  the  average. 
5 — Ability  to  work  independently  without  supervision. 
6 — Ability  to  grasp  large  purposes. 

7 — Ability  to  work  intellectually,  without  emotional  interferences  of 
a  personal  or  social  nature. 

8 — A  critical  point  of  view  toward  self  and  work. 

Edwin  E.  Slosson 


Principles  and  Practice  of  Fur  Dressing  and  Fur  Dyeing.  By 
William  E.  Austin.  191  pp.  D.  Van  Nostrand  Co.,  New 
York,  1922.     Price,  $4.00. 

The  dyeing  and  dressing  of  furs  was  formerly  a  European 
industry  and  previous  to  the  war  was  of  minor  consideration  in 
this  country.  However,  owing  to  the  serious  dislocations  of 
markets  brought  about  by  the  war,  the  center  of  the  fur  industry 
has  been  transplanted  to  this  country,  with  the  result  that  the 
processing  of  furs  here  has  now  become  an  industry  of  large 
dimensions. 

Fur  dyeing  and  dressing  has  long  been  one  of  those  "secret" 
arts  practiced  by  handicraftsmen  in  a  limited  and  closed  guild. 
The  literature  heretofore  available  on  this  subject  has  been  very 
meager. 

The  present  volume  gives  us  much  better  information  than 
is  obtainable  from  any  preceding  Uterature,  and  while  the  author 
has  no  doubt  made  good  use  of  the  sample  cards  issued  by  the 
various  dyestuff  manufacturers,  he  has  also  brought  together 
a  good  deal  of  information  that  has  doubtless  been  derived 
from  his  own  experiences  in  the  laboratory  and  factory.  The 
methods  of  preparation  used  for  getting  the  pelt  into  shape  for 
dyeing  are  especially  well  considered.  The  actual  processes  of 
dyeing  and  dressing  for  the  various  types  of  furs  are,  however, 
rather  sketchy  and  general  in  character.  The  book  is  well 
compiled  and  will  be  of  value  to  the  dyestuff  chemist  and  others 
who  desire  to  gain  an  elementary  knowledge  of  fur  dyeing. 
It  shoiUd  also  be  useful  as  a  guide  to  students  who  are  fitting 
themselves  to  become  dyers  of  flu's;  in  the  latter  case,  however, 
it  would  be  necessary  to  undergo  considerable  practical  training  in 
the  handling  and  processing  of  fiu-s. 

To  those  deaUng  in  and  handUng  furs,  who  also  desire  to  obtain 
some  accurate  information  concerning  their  products,  this  vol- 
ume will  be  of  distinct  value,  as  it  will  give  them  a  better  idea 
than  they  could  otherwise  obtain  of  the  various  processes  and 
treatments  necessary  for  the  production  of  a  finished  fur. 

J.  Merritt  Matthews 
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August 

The  following  statistics  arc  given  showing  the  total  imports  of 
petroleum  products  into  Germany:  1913,  81,743  tons;  1920, 
2.>3,.'!').s  tons;  and  for  Uie  12  mo.  ended  April  1922,  812,956  tons. 
The  1913  exports  appear  to  be  considerably  less  than  the  post- 
war figures.  (P.  381) 

The  consumption  of  gasoline  in  Latin-American  countries  is 
reviewed  and  statistics  are  given  relative  to  consumption, 
production,  and  importation.     (Pp.  381-3) 

The  consumption  of  fertilizers  in  Italy  is  described,  and  sta- 
tistics given.     (P.  383) 

Pfices  of  phosphoric  acid  in  Germany  are  given.     (P.  383) 

Trieste  is  reported  as  a  possible  distribution  center  for  Ru- 
manian oil.     (P.  384) 

.\  translation  of  the  new  Peruvian  regulations  governing 
petroleum  concessions  is  on  file  in  the  Petroleum  Division  of 
the    Bureau    of    Foreign   and    Domestic    Commerce.     (P.    384) 

.\  I'rcnch  presidential  decree,  dated  June  14,  modifies  the  im- 
port duties  on  the  following  products:  fixed  oils,  pure;  mineral 
wax  or  ozokerite;  paraffin  wax;  aluminium  sulfate;  milk  sugar; 
and  manufactures  of  pure  copper,  brass,  or  otlier  copper  alloys 
not  specified  in  the  tariff.  For  the  most  part,  the  changes 
made  are  by  way  of  reduction.     (P.  408) 

The  Minister  of  Trade  and  Customs  of  Australia  has  issued  a 
departmental  by-law  providing  the  conditions  under  which 
amyl  alcohol  and  fusel  oil  may,  when  denatured,  be  exempted 
from  excise  duty.      (P.  409) 

The  Sicilian  sulfur  industry  is  reviewed.     (Pp.  414-5) 

A  merger  has  recently  been  effected  between  four  important 
Italian  companies  manufacturing  and  trading  in  tartaric  acid. 
(P.  410) 

As  a  result  of  an  exploring  expedition,  it  has  been  definitely 
ascertained  that  chicle  and  gutta  percha  are  to  be  found  in  the 
forests  of  the  Amazon  River  District.     (P.  421) 

The  organization  of  a  Chemical  Division  in  the  Bureau  of 
Foreign  and  Domestic  Commerce  is  announced,  the  objects  of 
the  Division  arc  stated,  and  export  figures  for  the  fiscal  year  are 
given  fur  chemicals  and  allied  products,  dyes  and  paints,  medi- 
cines, fertilizers  and  naval  stores.     (Pp.  432  3) 

The  German  potash  industry  shows  a  considerable  improve- 
ment suice  tlie  iK'ginning  of  the  year,  a  demand  for  German  pot- 
ash having  arisen  in  both  the  domestic  and  foreign  market, 
particularly  from  America.     (Pp.  433-4) 

Mineral  production  in  the  province  of  Quebec  during  1921  was 
curtailed  by  circumstances  which  affected  all  branches  of  the 
trade  throughout  tlie  world.  The  following  tabular  statement 
shows  llie  ((uantity  and  value  of  the  production  of  mineral 
substances  in  Uiat  province  during  1920  and  1921 :     (P.  453) 


AUTICLSS  Quantity 

MiNKRAL  SuBSTANCBS 

Aibntos,  tons 170,891 

Aibestic,  lon» 19,710 

Chromitc,  tons 10.585 

Copprr    and  sulfur   ore, 

Ions 15,186 

Dniotnitc,  tons 

PrM-^par.  kaolin,  and  fire 

1^       '"ns 1,723 

'       '             9.ri 

■     Iba 406,420 

..1      II. .  tons 17,941 

M'--.^'-  1,946,399 

Mineral  paints,  tons 19,185 

Mineral  nattr.  gal 20.81 1 

Fhoaphaf«,   tons 

QuarU   and  silica   rock, 

tons 24,865 

Silver,  ox 67.514 

Talc,  lona l.',0 

Tiianiferous     iron     ore, 

tons 900 

Zinc  and  lead  ore,  Ions  .  3,U1J 


$14,749,048 

43.559 

247,730 


Quantity       Value 


27,933 

19,346 

31,913 

.'.12,755 

281,729 

136,098 

9,962 


00,147 

58.032 

1 ,0.50 


84.475 
12,397 
1,893 


1,167 

9,955 

648 

84.684 

4.984 

288.107 

8,894 

14.621 

30 


$5,109,789 
H,,'i30 
22,696 


81,739 
12,317 

2,422 
74,110 
42,222 
90,765 

5,339 
463 


Improved  transportation  facilities  are  needed  for  the  Algerian 
phosphate  mining  industry.     (Pp.  453-4) 

Statistics  are  given  showing  the  mineral  production  of  Italy 
for  1913,  1918,  and  1921.     (Pp.  454) 

According  to  a  cabled  dispatch  from  the  Commercial  Attach^ 
at  Tokyo,  no  legislative  action  to  protect  the  Japanese  dye  in- 
dustr>'  against  foreign  imports  is  likely  for  some  time.     (P.  482) 

Proposed  export  duties  on  iron  and  copper  ores  included  in  a 
bill  recently  introduced  in  the  Chilean  Chamber  of  Deputies  are 
given.     (Pp.  483-4) 

The  provisions  of  the  French  law,  by  which  by-products  of 
mineral  oil  intended  for  feeding  motors  and  for  construction  and 
maintenance  of  roads  are  admitted  at  a  reduced  rate  of  duty  and 
under  certain  conditions,  have  been  extended  to  Martinique. 
(P.  484) 

A  presidential  decree  extends  indefinitely  the  concession  for 
the  importation  of  gasoline  into  Mexico  free  of  duty.     (P.  484) 

Marked  improvement  is  manifested  in  chemicals  in  France, 
with  prices  firmer  and  a  strong  demand.  Many  wood  distillation 
plants,  which  were  recently  almost  idle,  are  now  working  at  full 
capacity,  and  tlie  construction  of  new  plants  is  planned.  The 
glue  industry  is  improving  but  exports  >f  pharmaceutical  prod- 
ucts are  meeting  with  severe  German  competition,  particularly 
in  South  America.  Rosin  and  turpentine  prices  are  subject  to 
considerable  fluctuation,  with  a  general  upward  tendency. 
(P.  511) 

The  production  of  copper  in  the  Belgian  Kongo  in  1921  ex- 
ceeded 30,000  metric  tons,  compared  with  18,500  metric  tons  in 
1920.  This  is  said  to  be  due  to  the  high  percentage  of  copper  in 
the  ore  treated.     (P.  518) 

The  gasoline  trade  of  the  Far  Hast  is  reviewed  and  statistics 
are  given  showing  the  imports,  exports,  and  consumption. 
(Pp.  528-9) 

The  Anglo-Persian  Oil  Company  has  obtained  from  the  Greek 
government  exclusive  rights  to  drill  for  oil  over  the  whole  of 
Macedonia.     (P.  530) 

The  Red  Star  Refineries  at  Montreal  have  secured  the  Canadian 
rights  for  the  manufacture  o.'  a  new  product  (Super-Gas) ,  which 
it  is  claimed  will  supplant  gasoline.     (P.  530) 

Talk  is  revived  that  the  oil  shale  deposits  of  Pictou  County, 
Nova  Scotia,  may  be  developed  at  an  early  date  through  the 
Anglo-Persian  Oil  Company.  These  shales  are  reported  to  be 
rich  in  oil,  averaging  from  20  to  100  gal.  per  ton,  with  valu- 
able by-products  in  addition.     (P.  5.30) 

The  Special  Commissioner  for  Railways,  Eastern  Africa,  has 
published  an  interesting  statement  showing  comparative  costs 
of  wood,  coal,  and  oil  as  locomotive  fuel  on  the  Uganda  Railway. 
This  report  indicates  tliat  fuel  oil  would  be  more  economical 
than  wood  and  coal.     (P.  530) 

A  immber  of  German  firms  which  formerly  produced  explosives 
for  military  purposes  are  now  making  artificial  silk  from  various 
fabrics.     (P.  532) 

In  general,  there  was  an  increase  over  last  year  in  the  quantity 
of  chemicals  imported  into  the  United  Kingdom  during  the  first 
six  months  of  1922.  The  most  important  exceptions  were  crude 
glycerol,  nickel  oxide,  sodium  compounds,  and  cream  of  tartar. 
Stiilistics  are  given  showing  in  detail  the  imports  into  and  the 
exjjorts  from  the  United  Kingdom  for  the  six  months  ended 
June  1921  and  June  1922.     (Pp.  54S-7) 

There  is  said  to  be  a  good  market  for  American  rosin  in  Chile. 
(P.  -A7) 

Caustic  soda,  liquid  and  soHd,  and  calcined  soda  arc  no  longer 
subject  to  the  import  license  of  Switzerland.     (P.  559) 

A  rise  in  French  naval  stores  prices  is  noted.  Stocks  of  tur- 
pentine on  hand  seem  to  be  limited,  and  the  heavy  rains  in 
March  and  April  greatly  retarded  distillation  at  the  opening  of 
the  season.     (P.  604) 

1  turing  the  past  two  or  three  months,  large  quantities  of 
caustic  soda  have  been  received  at  the  port  of  Hamburg,  about 
oiii-lialf  of  which  came  from  the  I'nited  States.  German  im- 
porting concerns  are  purchasing  all  consignments  obtainable, 
the  reason  apparently  being  the  endeavor  of  soap,  glass,  and 
chemical  factories  to  maintain  their  production  at  capacity. 
(P.  004) 
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The  Chemical  Division  of  the  Uurcaii  of  KorciKn  and  Domestic 
Commerce  has  received  a  copy  of  Report  No.  7  of  the  Ministry 
of  Munitions  on  the  "Mamifactiirc  of  Nitric  Acid  from  Niter 
and  Sulfuric  Acid."  This  report  is  based  on  experiments  and 
records  of  the  British  government  plants  {hiring  tlic  war  and  is 
said  to  be  of  interest  to  domestic  manufacturers  of  nitric  acid. 
A  copy  of  this  report  may  be  borrowed  from  the  Chemical 
Division  for  a  short  lime.       (P.  604) 

Prices  for  sulfuric  acid  in  Germany  have  been  fixed  by  tlic 
committee  for  the  control  of  sulfuric  acid  at  24')  marks  for  pro- 
ducers and  1270  marks  for  consumers  for  each  100  kilos  of  60° 
sulfuric  acid.     (P.  601) 

The  petroleum  trade  of  the  Fiumc  District  is  reviewed  (P 
605) 

The  outstanding  features  of  the  petroleum  import  trade  of 
the  United  Kingdom  continue  to  be  the  increa.scs  in  the  imports 
of  crude  petroleum  and  of  motor  spirit.     (P.  605) 

The  petroleum  price  war  has  now  been  settled  in  Japan  by  an 
agreement  among  the  companies.     (P.  606) 

There  has  been  a  progressive  increase  in  the  production  of 


mineral  oil  in  Trance  since  the  first  part  of  1921.  The  produc- 
tion for  the  first  three  months  of  1922  is  said  to  have  tjccn  53 
per  cent  above  that  for  the  corresponding  period  of  1921.  (P 
606) 

The  tax  on  copra  exported  from  Fiji  has  been  reduced.  (P. 
620) 

The  government  of  British  Honduras  has  established  a  King's 
warehouse  temporarily  for  inflammable  liquids.     (Pp.  621-2) 

A  good  market  is  reported  in  Japan  for  soaps,  perfumes,  and 
toilet  articles.     (P.  627) 

SpBCIAl.  SUPPLRMKNTS  ISSUBD 
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Francs 
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Canadian  Mining  Journal.  Vol.  43  (1922),  No.  31.  pp.  505-06. 
Dye   Situation   in   Great  Britain,  and  Elsewhere.     Ellwood  Hendrick. 

Chemical  and  Metallurgical   Engineering,    Vol.  27    (1922),  No.   10,  pp. 

494-96. 
Evaporation:     The  General  Problem  of  Evaporation.    J.  W.   Hinchley. 

Journal  of  the  Society  of  Chemical  Industry,  Vol.  41  (1922),  No.  14,  pp. 

242T-46T. 
Ferrotungsten:     Analise  Rapida  del  Ferro-tungsteno.     LuiGI  Losajja  and 

Enrico  Carozzi.     Ciornale  di  Chimica  Induslriale  ed  Applicata,  Vol.  4 

(1922),  No.  7,  pp.  299-301. 
Fuel  Oil:     Distribution  of  Fuel  Oil  in  Industrial  Plants.     J.  A.  Brown. 

Forging  and  Heal  Treating,  Vol.  8  (1922),  No.  8,  pp.  336-40. 
Glass:     The  British  Glass  Industry:     Its  Development  and  Its  Outlook. 

W.  E.  S.  Turner.     Journal  of  the  Society  of  Class  Technology,  Vol.  6 

(1922),  No.  22,  pp.  108-46. 
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Glass:     A  Critical  Review  of  the  Prorisional  Specifications  for  Glass  Re- 
fractory Materials.     W.  J.  Rbss.     Journal  of  the  Society  of  Glass  Tech- 

noloiy.  Vol.  6  (1022).  No   22.  pp.  lSl-204. 
Glass:     The  Effect  of  Absorbed  Gas  on  the  Condactinty  of  Glass.     V. 

Bush  and  I..   H.  Connbul.     Journal  of  the  Franklin  Inslilule,  Vol.  194 

(1922),  No  2,  pp.  2.11-40. 
Glass:     The  Production  of  Colourless  Glass  in  Tank  Furnaces  with  Par- 
ticular Reference  to  the  Use  of  Selenium.     Part  I.     A.  Cousbn  axu  W. 

i;   S.  TuRNEE.     Journal  of  the  Society  of  Glass  Technology,  Vol.  6  (1922). 

No  22,  pp   1   S-Sl. 
Leather:     Science  of  Hide  Curing.     Gsoscs  D.  McLaughlin  and  Edwin 

R.  TiiHis.     Journal  of  the  American  Leather  Chemists'  Association,  Vol. 

17  (1922).  No  8,  pp.  376-99. 
Leaching  Ore  with  Sulfur  Dioxide.      Josbph  Irving,    Jr.      Engineering 

and  .\tinins  Journal-Press,  Vol    114  (1922),  No.  9,  pp.  360-64. 
Lime  for  Glass-Making.      R.   R.  Sin\-Ei.v.     The  Glass  Industry,  Vol.   3 

(1922),  No.  S.  pp.  154-50. 
Lubricants:     Technical  Examination  of  Lubricating  Oil  and  Grease.     F. 

W.  Watson  and  H.  D.  Bbli..      The  Journal  of  the  Chemical,  Metallurgical 

and  Mining  Society  of  South  Africa,  Vol.  22  (1922),  No.  11,  pp.  211-19. 
Paper:     Rosin  Siie  Control.     P.  W.  Codwiss.     Paper,  Vol.  30  (1922),  No. 

2:i,  pp.  7-9. 
Rubber:     Accelerated  Aging  Tests   on   Rubber   Goods.     W.   W.    ICvans. 

The  Rubber  Age.  Vol.  11  (1922),  No.  10,  pp.  345-47. 
Rubber:     Scientific  Management  for  Rubber  Manufacturers.     Standard- 
ization.    Alprbd  Baruch.     The  Rubber  Age,  Vol.  11  (1922),  No.  10,  pp. 

34>*-51. 
Steel:     The  Annealing  of  Tool  Steels.     Arthur  W.  F.  Grbbn.     Forging 

and  Ileal  Trtalini:.  Vol    8  (1922),  No.  S,  pp.  340-53. 
Steel:     The   Making,  Forging,  and  Heat  Treating  of   Nickel  Chromium 

Steels.     Hakrv  IlRiiARUin'       Forging  and   Heat  Treating,  Vol.  8  (1922), 

No.  K.  pp   311-45. 
Textiles:     The  Acid  Treatment  of  Cotton  Fabrics  for  the  Production  of 

Special  Finish.     Barrinoton  Du  Puystbr.     Color  Trade  Journal,  Vol. 

II  (1922),  No.  2,  pp.  54-59. 
Titration:     Studies  in  the  Titration  of  Acids  and  Bases.     J.  L.  Lizius.     The 

Analytl,  Vol   47  (1922),  No   5.)7,  pp.  331-41. 
Wood:     The  Effect  of  Chemicals  on  the  Ignition  Temperature  of  Wood. 

W.  <>    Banfibld  and  W.  S.  Pbck.      Canadian  Chemistry  and  Metallurgy. 

Vol.  6  (1922).  No.  8.  pp.  172-76 

OOVEBMMENT    FUBUCATIONS 

Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Coternment  Printing  Office,  Washington, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  or  De- 
partment from  which  they  originate. 

Bureau  of  Mines 

Comminuted  Smokeless  Powder  as  a  Blasting  Agent.     C.  K.  Munkob  and 

S    P.  HowBi.i..      Reports  nf  Inveiligalions  2386      19  pp.     Issued  August 

1922. 
Compressed-Air  Illness  and  Its  Engineering  Importance  with  a  Report  of 

Cases  at  the  East  River  Tunnels.     Edward  Luvv.     Technical  Paper  285. 

4S  pp.      I'.iJJ.      I'iipcr.   1(1  cents. 
Experimental  Production  of  Alloy  Steels.      11   W.  Gillbtt  and  E.  L.  Mack. 

Ilullelin  199      SI  pp.     Paper,  15  cents. 
Explosives  Used  in  June  1922.     W.  W.  Adams.      Reports  of  Investigations 

2J87.     5  pp.      iMued  August  1922. 
Fatalities  at  Coal  Mines  in  June  1922.     W.  W.  Adaus.     Reports  of  Investi- 
gations 2J79.     3  pp.      Issued  July  1922. 
Fuel  Economy  from  Old  Plant  Equipment.     A.  R.  MirHPORD.      Reports  of 

Inleslitalims  2373.      4  pp       Ksucd  July  1922. 
Inclusions  in  Aluminium-Alloy  Sand  Castings.     R.  J.  Andbrson.     Technical 

Paper  290.     25  pp.      1922.      I'lipcr,  10  cents. 
Keeping  Op-to-Date  in  Safety  Methods  in  Coal  Mining,     D.  Harrington. 

Reports  of  Iiiresligations  2372.     2  pp.      ls.sucd  July  1922. 
Permissible  Explosives,  Mining  Equipment,  and  Apparatus.  Approved  Prior 

to  March  15,  1922.    S.  H  IIowkll,  L.  C   Ii,slkv,  D.  J.  Parker,  and  A  C. 

Fiiii,DS8H       Technical  Pafer  Ml.     21pp.      1922.      Paper,  5  cents. 
Production  of  Explosives  in  United  States,  Calendar  Year  1921,  with  Notes 

on  Mine  Accidcnls  Duo  to  Explosives.     \V.  W.  Adams.      Technical  Paper 

313      -.ipp       I'li'cr.  Ocents. 
Recent  Progress  in  the  Thawing  of  Frozen  Gravel  in  Placer  Mining.     Ciias. 

Janin.      Te^hnual  r.TicT  i09.     34  pp.      1922      Paper,  10  cents. 
Safe  Mechanical  Equipment  (or  Use  in  Shaft  Sinking.     R.  H.  Ki;ducii. 

Technical   I'afrr  276       11'  |,|.       1922.      Paper,  5  cents. 
Sixth  Samiannual  Motor  Gasoline  Survey.      A.  D.  Bausr  and  N.  F.  Lb 

JIUMI.     Reports  of  Intesligaiions  2iii.     9  pp.     Issued  August  1922, 


Storage  and  Transportation  of  Portland  Cement.     (With  a  Bibliography.) 

\V.  M.  Myers.      Reports  of  Invesligalions  2377.     5  pp.     Issued  July  1922. 
Summary  of  Investigations  of  Dust  and  Ventilation  in  Metal  Mines.     (With 

a  Bibliography.)      Reports  of  Invesligalions  2374.     6  pp.     Issued  July  1922. 
The  Rate  of  Reduction  of  Hematite  to  Magnetite  by  Methane.     C.  M. 

BovroN.      Reports  of  Investigations  23S1.     9  pp.      Issued  August  1922. 
Why  Miners'   Portable  Electric  Lamps    Require   Safety  Devices.     L.   C. 

Ilsley.      Reports  of  Investigations  2371.     9  pp.     Issued  July  1922. 

Bureau  of  Standards 

Practical  Spectrographic  Analysis.  W.  F.  Meggers,  C.  C.  Kibss,  and 
F.  J.  Stimson.     Scientific  Paper  m.     1922.      Paper,  10  cents. 

Radiators  for  Aircraft  Engines.  S.  R.  Parsons  and  D.  R.  Harper,  3rd. 
Technologic  Paper  2i\.      1S3  pp.     Paper,  50  cents. 

The  Spectral  Transmissive  Properties  of  Dyes:  I — Seven  Permitted  Food 
Dyes,  in  the  Visible,  Ultraviolet,  and  Neat  Infra-Red.  K.  S.  Gibson, 
H.  J.  McNichouas,  E.  P.  T.  Tyndaui.,  M.  K.  Frehaper,  n'ith  the  co- 
operation of  W.  E.  Mathewson.  Scientific  Paper  440.  1S4  pp.  Paper, 
15  cents. 

United  States  Government  Specification  for  Automobile  Soap.  Circular 
127,      Paper,  5  cents. 

United  States  Government  Specification  for  Basic  Carbonate  White  Lead. 
Dry  and  Paste,  Federal  Specifications  Board,  Standard  Specification  5. 
Officially  adopted  by  Federal  Specifications  Board,  February  3,  1922,  for 
use  of  departments  and  independent  establishments  of  the  Government, 
in  purchase  of  materials  covered  by  it.  Circular  84.  2nd  ed.  8  pp. 
Paper,  5  cents. 

United  States  Government  Specification  for  Chip  Soap.  Circular  128. 
1922.      Paper,  5  cents. 

United  States  Government  Specification  for  Flat  Interior  Lithopone  Paint, 
White  and  Light  Tints,  Federal  Specifications  Board,  Standard  Speci- 
fication 21.  Ofiicially  Adopted  by  Federal  .Specifications  Board,  Febru- 
ary 3,  1922,  for  use  of  departments  and  independent  establishments  of 
the  Government  in  purchase  of  materials  covered  by  it.  Circular 
111.     3rd  ed.     8  pp.     Paper,  5  cents. 

United  States  Government  Specification  for  Grit  Cake  Soap.  Circular  130. 
1922.      Paper,  5  cents. 

United  States  Government  Specification  for  Hand  Grit  Soap.  Circular  130. 
1922.      Paper,  5  cents. 

United  States  Government  Specification  for  Interior  Varnish.  Federal 
Specifications  Board,  Standard  Specification  22.  Officially  adopted  by 
Federal  Specifications  Board,  February  3,  1922,  for  use  of  departments 
and  independent  establishments  of  the  Government  in  purchase  of  ma- 
terials covered  by  it.      Circular  117.     0  pp.     Paper,  5  cents. 

United  States  Government  Specification  for  Iron-Oxide  and  Iron-Hydroxide 
Paints,  Federal  Specifications  Board,  Standard  Specification  13.  Olli- 
cially  adopted  by  Federal  Specifications  Board,  February  3,  1922,  for 
use  of  departments  and  independent  establishments  of  the  Government 
in  purchase  of  materials  covered  by  it.  Circular  93.  2nd  ed.  9  pp. 
1922.      Paper,  5  cents. 

United  States  Government  Specification  for  Leaded  Zinc  Oxide,  Dry  and 
Paste,  Federal  Specifications  Board,  Standard  Specification  9.  Officially 
adopted  by  Federal  Specifications  Board,  February  3,  1922,  for  use  of 
departments  aud  independent  establishments  of  the  (government  in 
purchase  of  materials  covered  by  it.  Circular  88.  2nd  ed.  8  pp.  1922. 
Paper.  5  cents. 

United  States  Government  Specification  for  Linseed  Oil,  Raw.  Refined,  and 
Boiled.  Federal  Specifications  Board.  Standard  Specification  4.  OHi- 
cially  adopted  by  Federal  Specifications  Board,  February  3,  1922,  for  use 
of  departments  and  independent  establishments  of  Government  in  pur- 
chase of  materials  covered  by  it.  Circular  82.  2nd.  ed.  9  pp.  Paper, 
5  cents. 

United  States  Government  Specification  for  Liquid  Soap.  Circular  124. 
1922.     Paper,  5  cents. 

United  States  Government  Specification  for  Ocher.  Dry  and  Paste,  Federal 
Specifications  Board,  Standard  Specification  12.  OlTicially  adopted  by 
Federal  Specifications  Board,  February  .!.  1922,  for  use  of  departments 
and  independent  establishments  of  the  Government  in  purchase  of  ma- 
terials covered  by  it.     Circular  91.     2nd  cd.     8  pp.     Paper,  5  cents. 

United  States  Government  Specification  for  Ordinary  Laundry  Soap.  Cir- 
cular 129.      1922.     Paper,  5  cents. 

United  States  Government  Specification  for  Salt  Water  Soap.  Circular 
126.      1922.      Paper,  5  cents 

United  States  Government  Specification  for  Scouring  Compounds,  for 
Floors  (d)  and  ((>),  and  Soap  Scouring  Compound  (c).  Circular  131. 
1922.     Paper,  6  cents. 

United  States  Government  Specification  for  Soap  Powder.  Circular  125. 
Paper,  5  cents. 

United  States  Government  Specification  for  White  Floating  Soap.  Circular 
123.      Paper,  5  cents. 
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Bureau  of  the  Census 


Glucose  and  Starch.   Mth  Census  of  the  United  States:    Manufacturers, 

1919.      rropurcd  under  the  supervision  ot  K.  F,  IIarti.uy.     8  pp.      JIIL'L'' 
Gold,  Silver,  Copper,  Lead,  and  Zinc.     14th  Census  of  the  United  Stales: 

Mines  and  Qnarries,   1919.     Prepared  under  the  supervision  of  K    V 

IIARTJ.UV  by  !■'.  J.  Katz.      33  pp.      1022. 
Iron  Ore.     14th  Census  of  the  United  States:    Mines  and  Quarries,  1919. 

Prepared  under  the  supervision  ot  K.  F.  IIartlhv  by  F.  J.  Katz.     25  pp. 

1922. 
Petroleum  and  Natural  Gas.     Mth  Census  of  the  United  States:   Mines  and 

Quarries,  1919.      Prepared  under  the    supervision  of  E.   F.   Hartukv  by 

F.  J.  Katz.     31  pp.      1922. 
Petroleum  Refining.     14th  Census  of  the  United  States:     Manufactures, 

1919.      Prepared  under    the    supervision    of    Iv.    F.   IlARTMiv.      U   pp., 

1922. 

Congress 

An  Act,  to  regulate  revenue,  to  regulate  commerce  with  foreign  countries, 
to  encourage  the  industries  of  the  United  States,  and  for  other  purposes. 
//.  Rpl.  7456.  Augiist  19,  1922.  Ordered  to  be  printed  with  the  amend- 
ments of  the  Senate  numbered.     476  pp. 

A  Bill,  to  improve  the  navigability  of  waters  of  the  United  States  by  pre- 
venting oil  pollution  thereof.  6".  3968.  Introduced  by  Mr.  Frelinghuysen 
on  August  30,  1922.  Read  twice  and  referred  to  the  Committee  on  Com- 
merce.    4  pp. 

Muscle  Shoals.  Mr.  Ladd  (for  himself  and  Messrs.  Capper,  Harrison, 
Caraway,  Ransdell,  Hcflin,  and  Smith),  from  the  Committee  on  Agricul- 
ture and  Forestry,  submitted  views  to  accompany  S.  J.  Res.  227.  Cal- 
endar 817.     S.    Rpl.  831.     Part  2.      19  pp.     August  4,  1922. 

Muscle  Shoals.  Hearings  on  S.  3420,  for  manufacture  of  explosives,  for 
use  of  Army  and  Navy,  for  manufacture  of  fertilizer,  for  agricultural 
purposes,  to  incorporate  Federal  Chemical  Corporation,  and  for  other 
purposes:  and  on  the  Henry  Ford  Muscle  Shoals  offer,  offer  made  by  the 
Alabama  Power  Co..  proposing  to  complete  Wilson  Dam,  the  offer  of 
Fredericlw  E.  Engstrum  for  Muscle  Shoals,  and  offer  of  Charles  L.  Parsons 
for  properties  at  Muscle  Shoals,  Ala.     949  pp.     1922. 

Muscle  Shoals.  Report  to  accompany  S.  J.  Res.  227  (rejecting  bids  for 
acquisition  of  Muscle  Shoals) ;  submitted  by  Mr.  Norris,  April  20, 
1922,  calendar  day  July  20,  1922.     S.Rpt.831.     Parti.     36  pp. 

Saltpeter,  Chile.  Nitrate  of  soda  imports  from  Chile  to  United  States, 
extracts  from  hearings,  66th  Congress,  2nd  Session,  and  67th  Congress, 
2nd  session.      1   p. 

Water  Pollution.  Preventing  the  Oil  Pollution  of  Navigable  Waters  of  the 
United  States.  S.  Rpl.  901,  to  accompany  S.  3968.  August  31,  1922. 
3  pp. 

Department  of  Agriculture 

By-products  from  Crushing  Peanuts.     J.    B.   Reed.      Deparlmenl    Builelin 

1096.      12  pp.     Issued  August  12,  1922. 
Digestibility  of  Cod-Liver,  Java-Almond,  Teaseed,  and  Watermelon-Seed 

Oils,  Deer  Fat,  and  Some  Blended  Hydrogenated  Fats.     H.  J.  Deubl, 

Jr.      Deparlmenl     Bulletin     1033.      15     pp.     Paper,     15     cents.     Issued 

July  27,  1922. 
Rules  and  Regulations  for  the  Enforcement  of  the  Federal  Food  and  Drugs 

Act.      Circular  21.     Office     of     the     Secretary.     8th     revision.     27     pp. 

Issued  August  7,  1922. 
Some  Experiments  with  a  Boric  Acid-Canning  Powder.     R.  B.  Edmondson, 

Charles  Thom,  and  L.  P.  Giltner.      Department  Circular  237.      12  pp. 

Issued  August  31,  1922.     Paper,  5  cents. 

Federal  Trade  Commission 

Petroleum  Trade  in  Wyoming  and  Montana.  Letter  transmitting,  pursuant 
to  law,  report  on  conditions  in  petroleum  trade  in  Wyoming  and  Montana 
(with  draft  of  bill  to  prevent  evasions  of  antitrust  laws).  S.  Doc,  233. 
4  pp.      1922. 


Geological  Survey 

Bauxite  and  Aluminium  in  1921.  J.  M.  Hni..  Separate  from  Mineral 
Resources  of  the  United  States,  1921,  Part  1.  8  pp.  Published  August 
1,  1922. 

Clay- Working  Industries,  Clay,  and  Silica  Brick  in  1919  and  1920.  Jeffer- 
son MiDDLETON,  Separate  from  Mineral  Resources  of  the  United  States, 
1920,  Part  2.     37  pp.     PubUshed  August  14,  1922. 

Gypsum  in  1921.  K.  W.  Cottbell.  Separate  from  Mineral  Resources  of 
the  United  States.  1921,  Part  2.     8  pp.     Published  August  4,  1922. 

Magnesite  in  1921.  C.  G.  Yale.  Separate  from  Mineral  Resources  of  the 
United  States.  1921,  Part  2.     6  pp.     Published  August  5,  1922. 


Mica  in  1921.  B.  H.  Stoddard.  Separate  from  Mineral  Rnources  of  the 
United  States,  1921,  Part  2.     6  pp.      Published  August  3,  1922 

Oil  and  Gas  Prospects  in  and  near  the  Crow  Indian  Reservation,  Montana. 
W.  T.  Tii.;m,  Jr.  liulletin  736-B.  Separate  from  Contrihuliona  to 
Economic  Geology,  1U:'2,  fart  2.      19  pp.      I'ubli'.hed  July  6,  1922. 

Quicksilver  in  1921.  F.  I,.  Ransous.  With  a  Bibliography  by  I.  P.  Evand. 
Separate  from  Mineral  Resources  of  the  United  States,  1921,  Part  I. 
14  pp.      Published  August  7,  1022. 

Tin  in  1921.  B.  L.  Johnson.  Separate  from  Mineral  Resources  of  the 
United  States,  1921.  Part  I.     3  pp.     Publubed  August  1,  1922. 

Interior  Department 

Naval  Reserve  Oil  Leases,  in  Response  to  Resolution.  Communication 
submitting  information  concerning  Naval  Reserve  Oil  Leases.  5.  Doc. 
210.     42  pp.      1022. 

Public  Health  Reports 

Ohio  Law  for  Enforcing  Correction  of  Stream  Pollution  and  Improvement  of 
PubUc  Water  Supplies.  Public  Health  Reporit,  37  (August  11,  1922), 
1945-50. 

Physiological  Effects  of  Exposure  to  Low  Conceotiationa  of  Carbon  Mon- 
oxide. R.  R.  Savers,  F.  V.  Meriwether,  and  W.  P.  Yant.  Reprint 
748.      16  pp.     Paper.  5  cents. 

Preparation  and  Administration  of  Arsphenamine  and  Neoarsphenamine. 
Standard  Instructions  for  the  Preparation  and  Intravenous  Administra- 
tion of  Arsphenamine  and  Neoarsphenamine  for  Use  by  the  Medical 
Departments  of  the  Army,  of  the  Navy,  and  of  the  Veterans'  Bureau,  and 
by  the  Public  Health  Service.  Public  Health  Reports,  37  (August  4, 
1922).  1867-82. 

Report  on  the  Public  Water  Supply  of  Delaware,  Ohio.  Report  of  an 
Investigation  Made  by  the  Engineering  Division  of  the  Ohio  State  De- 
partment of  Health.  F.  H.  Warino.  Public  Health  Reports,  37  (August 
11,  1922),  1933-45. 

Stream  Pollution  Investigations.  Recommendations  as  to  Plan  and  Policy 
made  by  United  States  Public  Health  Service  Consultants  in  Stream 
Pollution  Investigation  Work.  Public  Health  Reports,  37  (August  25, 
1922),  2049-53. 

Tariff  Commission 

Tariff  Information  Surveys.  Revised  edition,  1922.  On  articles  in  Para- 
graph 359  of  the  Tariff  Act  of  1913  and  related  articles  in  other  para- 
graphs. 

N-IS.     Heavy  Leathers.     48  pp.     Paper,  5  cents. 
N-16.     Light  Leathers,  Group  1.     54  pp.     Paper,  5  cents. 


The  Foreign  Commerce  Department  of  the  Chamber  of 
Commerce  of  the  United  States  has  just  issued  a  foreign  com- 
merce handbook,  which  contains  a  great  deal  of  valuable  infor- 
mation as  to  sources  of  service  in  foreign  trade.  The  book  also 
contains  a  list  of  the  topics  of  national  importance  that  are 
engaging  the  attention  of  the  Chamber's  Foreign  Commerce 
Department  Committee. 

Zinsser  &  Co.,  Hastings-on-Hudson,  N.  Y.,  are  now  manu- 
factuxing  Aczol,  a  wood  preservative  which  has  been  in  use  in 
Belgium  and  continental  Europe  for  several  years.  The  name 
is  derived  from  its  ingredients — ammonia,  copper,  zinc,  and 
phenol.  Records  of  the  use  of  wood  impregnated  with  Aczol 
have  been  kept  in  Belgium  for  the  past  decade,  and  it  is  claimed 
to  be  very  efficient,  particularly  in  coal  mine  timbers,  wood 
pa\'ing  blocks,  and  railroad  ties. 

A  company  is  being  organized  to  manufacture  potassium 
phosphate  under  the  Kreiss  patents  at  Jacksonville,  Fla.  T^'ork 
on  a  575,000  plant  will  begin  shortly.  The  company  will  not 
manufacture  complete  fertilizers,  but  will  sell  the  potassium 
phosphate  to  fertilizer  manufacturers.  The  officers  are:  presi- 
dent, E.  R.  Taber;  vice  president,  William  B.  Taber;  secretary 
and  treasurer,  Charles  N.  Welshans. 

E.  I.  du  Pont  de  Nemours  &  Co.  have  announced  the  develop- 
ment of  a  dye  known  as  Pontamine  Brown  CR,  a  direct  dyestuff 
which  produces  reddish  brown  shades  on  cotton  and  may  also  be 
used  on  artificial  silk. 

Chemical  fumes  coming  in  contact  with  the  flame  of  a  night 
watchman's  oil  lamp  are  believed  to  have  caused  a  fire  which 
wrecked  one  of  the  buildings  of  the  Verona  Chemical  Company 
plant  at  Newark,  N.  J.,  on  September  1.  The  damage  is  esti- 
mated at  §100,000. 


998 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 

MARKET  REPORT-SEPTEMBER,  1922 

[Supplied  by  Drug  &  Chemical  Markets] 


Vol.  14,  No.  10 


September  has  seen  a  steady  strengthening  in  the  tone  of 
chemical  markets,  with  a  more  decided  upward  trend  to  prices. 
Practically  all  the  important  movements  during  the  month  have 
been  toward  higher  levels.  Both  heavy  chemicals  and  medic- 
inals  have  shared  in  the  improved  position,  while  intermediates 
and  dyestuffs  have  continued  to  remain  dormant.  The  tariff 
situation  has  naturally  held  the  center  of  the  stage,  and,  although 
there  was  some  movement  of  goods  based  on  rates  which  were 
considered  certain  prior  to  passage,  the  general  attitude  of  con- 
sumers was  to  wait  for  definite  certainties.  In  the  chemical 
markets  generally  over  a  period  of  a  month  past,  80  per  cent 
or  more  of  all  price  movements  have  been  to  higher  levels. 

Many  prices  were  advanced  in  anticipation  of  the  tariff, — that 
is,  the  higher  cost  of  raw  materials  which  in  a  number  of  cases 
was  caused  by  speculative  buying  before  the  higher  rates  went 
into  effect,  drove  up  figures  for  finished  goods.  A  number  of 
prices  were  advanced,  owing  to  scarcities  of  spot  goods  develop- 
ing through  the  long  inactivity  in  manufactiu-ing  circles,  per- 
mitting stocks  to  become  almost  depleted.  Most  consumers 
preferred  to  pay  the  higher  prices  for  spot  goods  rather  than 
gamble  on  contract  supplies,  with  the  tariff  uncertainty  hovering 
over  them.  Increased  activity  in  chemical-consuming  manu- 
facturing circles  broadened  the  hand-to-mouth  buying  for 
immediate  needs  and  played  its  part  in  the  reduction  of  available 
stocks. 

Among  the  heavy  chemicals,  the  mineral  acids  have  remained 
unchanged  and  quiet.  Caustic  soda  held  strong  throughout 
the  month,  but  softened  slightly  at  the  close,  owing  to  cheaper 
offerings  in  outside  hands.  Soda  ash  has  been  steady  with  a 
consistently  good  demand.  Copper  sulfate  supplies  are  still 
closely  held  and  not  overabundant.  Bleaching  powder  has  been 
extremely  scarce,  especially  on  the  spot,  and  has  moved  upward 
in  price  on  this  account  from  $\.7h  to  $2.00  per  hundred.  Ar- 
senic prices  have  held  tight  with  an  advancing  tendency,  al- 
though the  consuming  season  is  about  over.  Through  the 
season,  supplies  have  been  inadequate  to  supply  the  growing 
demand  for  this  product.  This  year  the  particularly  heavy 
demand  for  calcium  arsenate  in  the  cotton  fields  took  all  avail- 
able .arsenic  supplies. 

Both  sixlium  and  potassium  prussiatcs  have  reached  higher 
prices  during  the  month.  Yellow  potassium  prussiate  moved  up  to 
.36  cents  a  pound  spot.  Bichromates  are  slightly  higher  than  they 
were  during  August.  Salt  cake  has  continued  scarce.  Supplies  of 
copperas,  some  months  ago  a  drug  on  the  market  here,  have  been 


cleaned  up  and  are  now  very  small.  Producers  of  oxalic  acid  have 
moved  their  prices  up  to  17  cents  a  pound,  f.  o.  b.  works,  during 
the  month.  Of  the  alums,  ammonia  is  higher  while  the  others 
have  remained  unchanged.  Both  ammonium  sulfate  and  gray 
sal  ammoniac  have  gained  in  price,  as  spot  supplies  have  been 
taken  up  without  replacement.  In  fact,  all  ammonium  products 
have  been  strong  as  a  result  of  lack  of  activity  in  the  by-product 
plants.  Little  has  happened  in  caustic  potash  and  the  market 
has  remained  quiet.  Taken  all  in  all,  industrial  chemical  prices 
have  gained  1  or  2  per  cent  during  September. 

Of  the  oils,  linseed  has  held  strong  in  spite  of  the  fact  that 
most  of  the  big  buyers  have  been  holding  off  for  lower  prices. 
The  price  stands  slightly  higher  than  it  did  at  the  beginning  of 
the  month.  Menhaden  strengthened  sUghtly  on  some  buying. 
Cottonseed  oil  continues  quiet.  Turpentine  moved  up  during 
the  month  from  $1.23  a  gallon  to  $1.32  after  numerous  fluctua- 
tions. A  few  minor  fluctuations  in  rosin  during  the  month 
found  the  price  little  changed  at  the  close. 

Phenol,  because  of  its  scarcity  and  high  price  for  some  two 
months  past,  is  worthy  of  special  attention  at  this  time.  Spot 
supplies  of  crystals  are  practically  impossible  to  find  on  the  open 
market.  A  few  odd  lots  are  available,  but  the  only  quantity 
stocks  are  reported  held  by  two  leading  consumers  who  are 
evidently  not  anxious  to  sell.  Licenses  for  import  from  Europe 
have  been  issued,  but  owing  to  the  uncertainty  of  getting  sup- 
plies, the  new  tariff  rate,  and  the  higher  prices  ruling  abroad, 
consumers  here  are  hesitating  to  bring  in  stocks.  A  well- 
known  manufactiu-er  is  reported  to  have  resumed  manufacturing 
synthetic  phenol,  but  if  the  report  is  true,  none  has  yet  been 
offered  on  the  market  from  this  source.  Prices  for  odd  lots  of  spot 
crystals  in  large  drums  stand  to-day  at  20 cents  at  22 cents  a  pound. 

In  the  fine  chemicals,  advances  have  been  scored  by  the  salicyl- 
ates, as  might  be  expected  with  the  present  market  for  phenol. 
The  sharp  rise  in  quicksilver  prices  on  the  almost  certain  pros- 
pects of  an  $18.75  a  flask  duty,  forced  manufacturers  of  mercur- 
ials to  move  up  their  prices.  Glycerin  has  climbed  steadily. 
Resorcinol  is  higher.  Wood  alcohol  is  up  sharply.  Surplus 
stocks  of  formaldehyde  have  been  cleaned  out  and  prices  are 
higher  with  goods  hard  to  find.  After  a  long  period  of  weakness, 
hydroquinone  moved  up  sharply.  Iodine  and  the  iodides  were 
advanced  during  the  month;  the  syndicate  figtire  for  crude 
iodine  has  been  revised  upward.  Acetone  has  gone  up.  Im- 
ported citric  and  tartaric  acids  and  cream  of  tartar  rose  on  higher 
import  cost.     Bismuth  salts  were  advanced  twice  in  the  month. 
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INORGANIC  CHEMICALS 


Acid,  Boric,  cryst.  bbis lb. 

Hydrochloric,  comm'l.  20**  lb. 
HydroBuoric,  30%  bbls..lb. 
Hydriodic,  ap.  gr.  1 .  150.. .lb. 
Nitric,  42°,  cbys.  c/1  wks.lb, 

Phosphoric,  60%  tech lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Oleum  20% ton 

Alum,  Ammonia,  lump lb. 

Potash,  lump lb 

Chrome lb. 

Soda,  ground lb. 

Aluminium  Sulfate   (iron-free). lb. 
Ammonium  Carbonate,  pwd...lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°.. .lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals. .  .lb. 

Nitrate lb. 

Red lb. 

White  (Carb.) lb. 

Lime  AceUte 100  lbs. 

Magnesium  Carbonate,  tech... lb. 

Magnesite,  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85%  .lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk lb. 

Nitrate lb. 

Permanganate,  U.  S.  P...  .lb. 

Prasslate,  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76%,  N.  Y. .  100  lbs. 


•Resale  or  Imported  (not  : 


■  UH 

.llJi 

.12H 

■  OiH 

.OIH 

.OIH 

.07 

.07 

.07 

2.25 

2.25 

2.00 

.06 

.06 

.06 

.07J^ 

.08 

.10 

.07 

.07 

16.00 

16.00 

16.00 

19.00 

19.00 

19.00 

.03K 

.03Ji 

.03H 

•.03 

•.03>i 

.06 

.06H 

.07 

.03H 

.03J^ 

.03}^ 

.02H 

.02H 

.02H 

•  08H 

.07 

.08 

.07Ji 

.07Ji 

■  07H 

.30 

.30 

.07H 

.07H 

.07}i 

.08J5 

•  083:, 

■  06H 

•85.00 

•85.00 

•53.00 

•.08 

•.08 

•.07 

33.50 

33.50 

28.00 

1.75 

2.00 

2.25 

•  05M 

.05".^ 

.OSJi 

.28 

.28 

.23 

24.80 

24.50 

28.75 

.06 

.06 

.06 

7.00 

7. CO 

5.55 

4.20 

4.40 

3.80 

•  lOM 

.lOH 

.11 

.22 

.22 

.15 

.08 

.08 

.08 

■  07H 

.07}i 

.07H 

2.35 

1.75 

.06 

.06 

.06 

55.00 

55.00 

5S.00 

*.2S 

*.25 

•.27 

•.26 

•.26 

•.30 

4.25 

4.25 

4.25 

.09Ji 

.09Ji 

.lOJi 

•.13 

•.14 

•13 

*.04H 

•.04Ji 

••04H 

•.06M 

•.07 

•.05H 

•.05« 

•.055i 

•.06 

3.30 

3..';o 

2.90 

.08 

.08 

.08 

*.U}4 

•.15 

•.15 

*.90 

*.90 

•.29 

•.33 

•.3.i 

••24M 

18.00 

18.00 

17.00 

.47}^ 

.46H 

.44M 

•1.80 

•1.80 

•1.85 

3.60 

3.60 
ikers'  price). 

3.80 

Sodium  AceUte lb. 

Bicarbonate 100  Iba. 

Bichromate lb. 

Ilisulfite,  powd lb! 

Chlorate lb 

Cyanide,  96-98% lb] 

Fluoride,  tech |b. 

Hyposulete,  bbls 100  lbs! 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sad.),tech.  .lb. 

Silicate,  40° lb 

Sul6de,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tm  Bichloride,  50%  sol'n lb. 

Oxide lb 

Zinc  Chloride,  U.  S.  P lb] 

Oxide,  bbls lb. 


Sept.  1 

Sept.   15. 

Jan.  1923 

.06 

.06 

.04 

2.00 

2.00 

2.00 

.07>i 

.07>i 

.04H 

■  OiH 

.04M 

oeji 

.07 

.07H 

.23 

.28 

■  OOH 

■  09H 

■  OOH 

2.00 

2.00 

3.80 

2.55 

2  32H 

.09H 

.0»H 

■  OOH 

.22 

■  2-6H 

■  16H 

.04 

.04H 

.04(i 

.OlM 

.01, '-J 

OIH 

.04 

.04 

.06 

•.10 

•.10 

•.10 

3.00 

3.00 

2.76 

14.00 

14.00 

16.00 

lOJi 

.10>i 

.0»H 

.38 

.37 

.35 

.36 

.as 

OSOANIC  CHEMICALS 


AceUnilide,  U.  S.  P.  bbls lb. 

Acid,  Acetic.  28  p.  c 100  lbs. 

Glacial lb. 

Benzoic,    U.  S.  P lb. 

Carbolic,  cryst.,  U.  S.  P., 

drs lb. 

SO-  to  IlO-lb.  tins lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks. ..lb. 

Pyrogallic,  resublimed. . .  .lb. 

Salicylic,  U.  S.  P lb. 

Tannic,  U.  S.  P.,  bbls lb. 

Tartaric,  cryst.,  U.  S.  P. .  .  lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete. gal. 

Ethyl,  190  proof,  bbls.. .  gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases. .  .lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums. .  .lb. 

Creosote,  U.  S.  P lb. 

Cresol,  U.  S.  P lb. 

Dextrin,  com 100  lbs. 

Imported  Potato lb. 

Ether,  U.  S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. ...  lb. 

Methanol,  pure,  bbls gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  com,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 


2.67H 


•44^ 

•.45 

•.43 

.17 

.17 

.14 

1.60 

1.60 

1.75 

.29 

.29 

.24 

.70 

.70 

.76 

*.2SH 

•.30 

•.25 

.13H 

.16 

.12 

.31 

.31 

.45 

4.65 

4.66 

4.75 

2.00 

2.00 

3.00 

.83 

.83 

.90 

.06 

.06 

.06H 

.10 

lOH 

.25 

.43 

.40 

.40 

.40 

.14 

.14 

.14 

3.09 

3.00 

2.70 

.09 

.09 

•  06H 

.14 

.14 

.08 

.10 

■  lOH 

.15 

.15 

UH 

.72 

.80 

.75 

3.00 

3.00 

4.00 

.04H 

.04H 

■  OSH 

1.75 

1.75 

1.75 

2.47 

2.47 

2.13 

.07 

.07 

.06K 
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Beef  wax,  pure,  white. 

Castor  OU,  No.  3 'o. 

Ceresin,  yellow 'b. 

Corn  Oil,  crude.  t«nk9,  mills... lb. 
Cottonseed  OU,  erode,  f.  o.  b. 

mill 'b- 

Unseed  Oil.  r»w,  c/1 gal. 

Menhaden  Oil,  crude,  mills.,  .gal. 

Neafs-foot  Oil,  20° lb. 

ParaeSn,  128-130  m.  p..  ref lb. 

Rosin,  "F"  grade,  280  lbs bbl. 

Rosin  Oil.  6rst  roo gal. 

ShelUc.  T.  N lb. 

Sperm  Oil.    bleached    winter, 

38» «»!• 

Stearic  Acid,  double  pressed.,  .lb. 

Tallow  Oil,  acidless lb. 

Turpentine,  spiriu  of gal. 


OILS,  WAXES,  ETC. 


.lb. 


Sept.  15        Jan.  1922 


12 

.12 

.10>^ 

08 

.08 

.07M 

0«H 

.09H 

.06Ji 

08  V< 

.08>^ 

.07 

88 

.90 

.69 

40 

.41 

.35 

20 

.20 

.16Ji 

03H 

.03« 

.05 

30 

6.30 

6.30 

39 

.40 

.36 

70 

.87 

.66 

35 

1.35 

1.70 

09H 

.09M 

.09H 

lb. 


Aluminium,  No.  1,  ingots. 

Antimony,  ordinary 100  lbs. 

Bismuth lb. 

Copper,  electrolytic lb. 

Lake lb. 

Lead.  N.  Y 100  lbs. 

Nickel,  electrolytic lb. 

Platinum,  refined,  soft oz. 

Quicksilver,  6ask 76  lbs.  ea. 

SiWer,  foreign oi. 

Tin lb. 

Tungsten  Wolframite per  unit 

Zinc,  N.  y 100  lbs. 


.17H 
5.25 
2.10 

.14 

.14 
6.75 

.30 
93.00 
62.00 

.7IH 

.32 


0.50 

2.20 

.14 

.14 

6.05 

.36 

118.00 

66.00 

.69 

.32 

3.25 

6.60 


FERTILIZER  MATERIALS 


Ammonium  Sulfate,  eipt. .  100  lbs.  3 .  50 

Blood,  dried,  f.o.b.  N.  Y.... unit  4.00 

Bone,  3  and  60.  ground,  raw.,  ton  28.00 
Calcium   Cyanamide,  unit   of 

ammonia 2.75 

Pish  Scrap,  dried,  wks unit  4,10  8i  . 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3 .  00 

Tennessee,  78-80% ton  4.00 

Potassium  Muriate,  80% unit  .60 

Tankage,  high-grade,   f.  o.  b. 

Chicago unit  4.00  &  . 


3.50 
4,00 
28.00 

2.76 
4.10& 

3,00 
4.00 


4,00  &  .10     3,00  &  .10 


.17 

4,55 

1,80 
.13H 
.13Ji 

4.70 

.45 

78.00 

52.00 

.65K 

.32Ji 

2.00 

6.20 


2,60 
3,50 
30,00 

2,25 
3.26  &  .10 


COAL-TAR  CHEMICALS 


Crudes 

Anthracene.  80-85% lb. 

Beniene.  pure,  tanks fal. 

Naphthalene,  6ake lb. 

Pbenol,  drums lb. 


.06H 
.18 


.0«H 
.20 


.07>i 


Crudes     (concluded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 

tanks gal. 

Intermedistea 
Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 
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EDITORIALS 


Authors'  Synopses 

OUR  idea  of  having  synopses  precede  the  longer  articles 
appearinp;  in  Tms  Journal  has  been  approved  at  home 
and  abroad.  The  next  step  is  to  improve  them,  and  this  we 
believe  can  best  be  done  by  the  authors  themselves.  Even 
an  expert  abstractor  often  fails  to  emphasize  the  points  the 
author  particularly  desires  to  have  stressed.  In  order  that 
our  readers  may  gain  an  adequate  idea  of  the  scope  of  the 
article,  authors  are  urged  to  prepare  their  own  synopses, 
using  as  a  guide  those  that  have  proved  of  greatest  assistance 
in  their  own  reading.  Such  synopses  will  serve  to  give  a 
true  impression  of  the  author's  work  to  the  men  who  cannot 
afford  the  time  to  read  in  their  entirety  the  many  discussions 
in  the  chemical  literature  of  to-day. 


Chemists  to  Supply  Facts 

TOURING  the  last  few  years  chemists  have  been  im- 
^~^  pressed  with  the  incredulity  of  the  average  man, 
who  simply  cannot  believe  the  things  the  chemist  saj's 
are  done  through  the  science.  Imagine  a  man  who  knew 
nothing  of  the  telephone  being  told  that  by  speaking  into  a 
receiver  his  voice  could  be  heard  three  thousand  miles  away. 
Very  likely  he  would  not  believe  it,  but  it  could  be  demon- 
strated much  more  easily  than  some  of  the  facts  peculiar  to 
chemistry.  We  have  a  complex  subject  difficult  to  explain 
to  any  nontechnical  man.  Yet  we  have  never  failed  to 
convert  such  a  man  to  chemistry  when  once  he  really  under- 
stood and  was  given  a  glimpse  of  its  possibilities. 

Out  of  this  experience  has  come  the  suggestion  that  in 
each  congressional  district  reputable  chemists  shall  be  des- 
ignated to  present  chemistry  in  its  true  light  to  their  repre- 
sentatives. Senators  and  Congressmen  are  to  be  given 
personal  information,  not  with  reference  to  party  or  any 
past  or  prosiiective  legislation,  but  simply  to  make  sure  that 
they  are  conversjint  with  the  work  of  the  chemist — his  aims 
and  his  relation  to  the  community.  The  effort  is  wholly 
DOnpolitical  and  has  for  its  primary  purpose  the  establish- 
ment of  a  source  of  reliable  nonpartisan  and  unprejudiced 
information.  As  a  result  of  these  personal  contacts  and  the 
confidence  thus  gained,  it  is  reasonable  to  suppose  that  when 
chemical  questions  arise  and  these  public  men  are  called  upon 
to  express  an  opinion  on  a  measure,  they  will  instinctively 
turn  for  information  to  the  chemists  whom  they  have  thus 
come  to  know. 

It  is  also  suggreted  that  when  members  of  the  Society  are 
in  Washington  they  call  upon  Secretary  Parsons  in  order 
to  lejim  if  members  of  Congress  desire  information  which 
they  can  furnish  through  a  personal  call.  We  have  been 
impressed  with  the  effort  made  by  men  in  public  hfe  to  sift 
the  chaff  from  the  wheat  in  the  mass  of  material  sent  them, 
in  order  to  obtain  accurate  information  to  guide  them  in 
their  actions.  It  is  not  siirprising  that  with  the  pressure 
brought  from  all  quarters  this  has  proved  a  difficult  task. 

All  this  is  a  part  of  an  ambitious  program  which  becomes  a 
highly  constructive  piece  of  work  if  suj) ported  as  it  should 
be  by  our  Local  Sections  and  individual  members.  Let  us 
take  up  the  work  now,  carry  it  through  with  persistence,  and 
convince  the  public  of  the  importance  of  chemistry  in  its 
daily  hfe. 


Why  Not  Seek  Advice? 

'pHE  DAILY  PRESS  has  devoted  much  space  to  the  dis- 
*  cussion  of  reparation  dyes  as  a  possible  partial  pa3Tnent 
of  our  biU  for  maintaining  the  Army  of  Occupation.  It  now 
becomes  apparent  that  the  plan  has  many  flaws  and  that 
the  news  item  was  not  based  on  facts.  The  State  Depart- 
ment has  admitted  the  necessity  of  special  legislation  to 
legalize  such  a  plan,  and  it  is  doubtful  whether  such  legis- 
lation could  be  secured.  The  plan  involves  securing  the 
dyes  and  chemicals,  importing  them,  and  distributing  them. 
These  steps  would  require  an  organization  which  the  State 
Department  does  not  possess,  and  would  make  it  necessary 
to  call  in  many  specialists.  It  is  no  small  task  to  know  what 
colors  arc  wanted  and  who  wants  them,  and  when  the  vari- 
ous details  of  dyestuff  importation  are  considered  it  looks 
more  and  more  like  a  poor  piece  of  business  for  the  Gov- 
ernment. 

It  seems  probable  that  the  State  Department,  without 
careful  examination,  thought  that  in  the  chemical  situation 
it  had  an  excellent  opportunity  to  obtain  considerable  cred- 
its against  the  bills  rendered.  As  a  matter  of  fact,  if  such  a 
plan  were  honestly  administered  and  only  those  items  that 
take  foreign  valuation  were  imported,  the  annual  sum  total 
would  be  but  a  small  fraction  of  the  interest  upon  our  bill. 
These  materials  would  be  subject  to  duty,  and  a  business 
transaction  would  be  involved  of  a  character  doubtful  from 
the  standpoint  of  government. 

Apparently  chemistry  is  the  ready-made  pawn  in  the 
international  game  to-day — a  key  to  improved  conditions 
abroad  in  that  the  United  States  has  no  representative  on  the 
Reparations  Commission.  Through  the  chemical  situation 
there  may  be  an  opportunity  to  wield  the  influence  which 
many  believe  the  United  States  should  exert.  But  does  that 
justify  the  embarrassment  which  has  been  caused  the  in- 
dustry even  temporarily?  We  think  not.  AH  the  facts 
were  and  are  accessible.  Why  was  not  expert  advice  sought 
when  it  could  be  had  for  the  asking? 


Service  to  Sections 

npiIERE  are  two  ways  in  which  we  could  be  of  service 
*    to  Local  Sections,  but  in  both  we  are  helpless  unless  the 
Sections  cooperate  with  ua. 

First,  we  have  many  requests  for  advance  information  as 
to  time  and  place  of  Local  Section  meetings  and  names  of 
speakers.  A  few  Sections  plan  a  year's  program  around  some 
definite  idea,  secure  their  speakers  in  advance,  and  give  pub- 
licity to  their  program.  Obviously,  this  is  not  always  pos- 
sible, but  much  good  would  doubtless  be  accomplished  if  sec- 
retaries would  have  this  idea  in  mind  in  planning  their  pro- 
grams. Programs  of  Local  Sections  should  be  printed  for 
the  benefit  of  members  generally,  and  especially  for  those 
who  may  be  away  from  home  and  who  would  be  glad  to 
attend  a  meeting  if  they  knew  of  it.  The  News  Service 
can  give  publicity  to  Local  Section  meetings  only  when 
information  is  received  considerably  in  advance.  The  pub- 
Ucation  of  meeting  papers  can  also  be  planned  to  better 
advantage  if  we  are  notified  in  advance  of  their  presenta- 
tion and  nature. 

Your  assistance  is  also  needed  in  the  routing  of  speakers. 
It  frequently  happens  that  a  Section  engages  a  speaker  to 
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come  from  a  considerable  distance.  Doubtless  other  Sec- 
tions in  the  same  vicinity  or  en  route  would  like  to  have  the 
same  man  address  them  if  they  knew  that  he  was  in  their 
general  locality.  If,  therefore,  you  will  let  us  know  your 
plans,  we  will  broadcast  them  inmicdiately.  The  net  result 
should  be  the  conservation  of  the  speaker's  time,  prorating 
of  e-xpenses  between  Sections,  and,  in  some  cases,  decided 
improvement  of  the  program. 


Current  Literature  Located 

IT  IS  a  common  experience  for  an  investigator  to  need  a  jour- 
■*  nal  containing  a  paper  of  interest  without  knowing  just 
where  to  turn  to  obtain  it.  lOvon  the  commonest  journals 
are  not  readily  available  to  all,  and  the  rarer  ones  are  to  be 
found  in  only  a  few  places.  Hardly  a  mail  is  received  in  the 
office  of  Chemical  Abstracts  that  does  not  contain  one  or 
more  letters  of  inquiry  as  to  how  a  paper  corresponding  to  an 
abstract  can  be  procured.  A  means  that  furnishes  ready 
answers  for  the  chemist  to  this  frequent  [iroblem  has  now 
been  provided  in  the  form  of  journal  location  data  for  libra- 
ries scattered  throughout  the  United  States. 

The  "List  of  Periodicals  Abstracted  by  Chemical  Abstracts" 
has  been  brought  up  to  date  and  published  in  the  October 
20  number  of  the  abstract  journal.  In  addition  to  the 
information  formerly  given  in  this  compilation,  it  is  now 
stated,  for  each  periodical,  which  of  172  of  the  principal 
libraries  of  the  United  States  currently  receive  it,  and  for 
each  library  it  is  stated  whether  it  conducts  a  lending,  photo- 
stat, or  translating  ser^dce.  Since  the  list  of  periodicals 
is  a  comprehensive  one  as  far  as  journals  of  chemical 
interest  are  concerned  (it  contains  more  than  a  thousand 
entries),  tliis  means  that  the  chemist  can  now  readily  de- 
termine in  almost  every  case  of  need  just  where  the  nearest 
available  copy  of  a  journal  is  to  be  found.  If  it  is  not  fea- 
sible to  go  to  the  journal  file,  he  can  usually  obtain  a  photo- 
stat copy  of  the  paper  needed  or  obtain  the  journal  as  a  loan. 

If  one  wishes  to  subscribe  for  a  journal  or  to  buy  a  single 
current  number,  he  will  find  in  the  hst  the  names  and  ad- 
dresses of  the  publishers  of  the  various  journals,  and  usually 
the  domestic  and  foreign  prices  for  single  numbers  and  for 
a  year's  subscription.  It  is  to  be  noted  that  the  prices  of 
German  journals  have  been  constantly  increasing  since  the 
World  War.  Many  of  them  seem  much  too  highr  Some- 
times after  a  subscription  is  entered  for  a  definite  period,  as 
a  year,  and  payment  accepted,  the  price  will  be  raised  and 
additional  pajrment  demanded — a  practice  difficult  to  recon- 
cile with  Ajaerican  business  methods. 

Librarians,  who  responded  in  a  fine  way  to  the  appeal  for 
cooperation  in  the  compilation  of  this  information,  are  an 
accommodating  crowd.  Our  gratitude  is  due  them  for  their 
fine  spirit  of  ser^^ce.  Their  willingness  to  cooperate  in  the 
preparation  of  the  location  data  signifies  their  readiness  to 
help  those  who  will  use  these  data. 

In  the  revision  of  the  list  the  abstractors  have  cooperated 
on  all  journals  not  available  in  Columbus.  At  the  suggestion 
of  the  editor  of  The  Journal  of  Industrial  and  Engineering 
Chemistry,  and  by  his  arrangement,  the  canvass  of  libraries 
was  accomplished  by  the  Research  Information  Service  of 
the  National  Research  Council.  Clarence  J.  West  and 
Callie  Hull  conducted  it  in  a  very  effective  manner. 

We  shall  be  glad  to  be  told  of  additional  journals  of  chem- 
ical interest  which  should  be  made  a  part  of  the  list.  Com- 
pleteness has  been  especially  sought.  Corrections  will  also 
be  welcome.  It  is  our  plan  to  publish  a  revised  list  with 
up-to-date  library  information  in  about  two  years.  Reprints 
of  the  list  will  be  available  at  cost  price. 

E.  J.  Cb-wte 


Industrial  Alcohol  Situation 

CINCK  the  enactment  of  the  National  Prohibition  Act, 
'^  governmental  conditions  surrounding  the  manufacture, 
distriimtion,  sale,  and  u.se  of  alcohol  for  industrial  purposes 
have  become  .so  increasingly  onerous  as  seriously  to  handicap 
the  chemical  industry. 

Title  III  of  the  National  Prohibition  Act  provides  not  only 
for  the  manufacture,  distribution,  sale,  and  use  of  indtuilrial 
alcohol,  as  distinguished  from  potable  intoxicating  liquors, 
but  for  the  development  of  lawful  industries  that  use  alcohol 
as  a  raw  material. 

A  former  Commissioner  of  Internal  Revenue  created  the 
office  of  Federal  Prohibition  Commissioner,  the  incumbents  of 
which  have  since  undertaken  to  enforce  both  the  prohibitory 
and  permissive  features  of  the  law,  through  a  specially  organ- 
ized staff  of  prohibition  enforcement  officers,  under  a  com- 
plicated system  of  regulations.  No  provision  was  made  for 
an  industrial  alcohol  administrator  to  enforce,  apart  from, 
but  in  cooperation  with,  a  prohibition  officer,  the  provisions 
of  Title  III  regarding  industrial  alcohol  lawfully  withdrawn 
in  the  form  of  tax-free  or  tax-paid  ethyl  alcohol  or  denatured 
alcohol.  On  the  contrary,  a  governmental  policy  was 
adopted  of  trying  to  scramble  the  enforcement  of  prohibition 
and  the  administration  of  the  legitimate  uses  of  industrial 
alcohol  into  one  political  organization.  The  result  has  been 
a  signal  failure,  at  least  with  respect  to  industrial  alcohol. 

The  intention  of  Congress  to  separate  the  administration 
of  industrial  alcohol  from  prohibition  enforcement  is  impUed 
in  the  act  itself  by  Titles  II  and  III.  The  action  of  a  Com- 
missioner of  Internal  Revenue,  therefore,  in  vesting  in  a  pro- 
hibition enforcement  organization  without  the  essential 
technical  and  economic  knowledge  and  training,  the  duty  of 
carrying  out  the  provisions  of  Title  III,  was  illegal  by  iiu- 
pUcation,  illogical  by  any  method  of  sound  reasoning,  eco- 
nomically impractical,  and  should  be  changed.  In  order 
that  the  legitimate  uses  of  alcohol  may  not  be  further 
hamjjered  and  curtailed,  we  deem  it  proper  to  suggest  a 
prompt  change  of  the  present  procedure  along  the  following 
lines,  which  xoill  not  entail  any  modification  of  existing  law: 

(1)  The  Commissoner  of  Internal  Revenue  should  im- 
meidiately  designate  a  Deputy  Commissioner  of  Internal 
Revenue,  or  an  Industrial  Alcohol  Commissioner,  to  take 
over  the  administration  of  that  portion  of  the  law  relating  to 
industrial  alcohol.  The  regular  Collectors  of  Internal  Revenue 
and  Civil  Service  revenue  officers  should  be  designated  to 
assist  him  as  is  customary  in  the  enforcement  of  other  inter- 
nal revenue  laws.  The  Deputy  or  Industrial  Alcohol  Com- 
missioner should  possess  suitable  technical  knowledge, 
training,  and  experience  to  place  the  nonbeverage  alcohol 
induistiy  and  other  industries  using  such  alcohol  upon  the 
highest  possible  plane  of  scientific  and  commercial  efficiency. 

It  would  be  the  duty  of  the  Deputy  or  Industrial  Alcohol 
Commissioner  to  issue  basic  permits  to  withdraw  and  use 
industrial  alcohol  of  any  kind.  In  this  way  efficient  and 
scientific  administration  would  be  assured,  and  at  the  same 
time  the  Prohibition  Commissioner  or  Attorney  General 
would  be  reUeved  from  super\nsion  of  legitimate  industry 
and  could  devote  his  energy  to  his  proper  duty  of  poitcin^  the 
situation.  Furthermore,  the  two  agencies,  coordinating, 
would  be  a  check  upon  each  other. 

(2)  The  Commissioner  of  Internal  Revenue  should  in- 
vite the  active  support  and  assistance  of  an  advisory  com- 
mittee of  technical  and  commercial  experts  to  assist  the  in- 
dustrial alcohol  unit  in  investigating  all  appUcations  for  per- 
mits and  furthering  the  uses  of  industrial  alcohol  in  scientific 
research. 
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(3)  Scientific  study  and  research  should  be  encouraged  by 
the  establishment  of  a  properly  equipped  laboratorj'  dis- 
tinct from  policing  laboratories  and  devoted  exclusively  to 
alcohol  problems.  This  would  unquestionably  result  in  the 
development  and  improvement  of  denaturation,  evolution  of 
new  denaturants,  perfection  of  formulas  required  by  specific 
industries,  etc.,  and  would  seem  to  be  a  logical  and  sound 
step  in  unfolding  the  prohibition  enforcement  program  along 
the  lines  that  will  not  interfere  with  industry.  If  it  is  not 
practicable  to  have  such  a  government  laboratory,  then  one 
should  be  built  and  subsidized  by  the  civic,  religious,  and 
other  bodies  that  are  constantly  appealing  to  the  public  for 
funds  with  which  to  aid  the  Government  in  enforcing  the 
Eighteenth  Amendment  and  the  National  Prohibition  Act. 
Much  can  be  said  in  favor  of  this  last  proposition.  Such  a 
privately  endo%ved  laboratory  would  occupy  a  neutral  posi- 
tion between  the  chemical  industry  and  the  governmental 
prohibition  enforcement  program,  and,  by  keeping  abreast 
of  the  ingenious  "bootlegger,  "could  furnish  truly  construc- 
tive assistance  which  would  relieve  lawful  trade  from  un- 
warranted stigma  without  increasing  the  taxpayer's  burden. 

Alcohol  is  admittedly  a  basic  chemical  essential  to  our 
national  defense,  industrial  and  economic  development, 
and  even  to  the  advancement  of  civilization  itself.  There- 
fore, all  who  believe  in  law  enforcement  should  recognize  the 
intolerable  situation  to  which  the  chemical  industry  has  been 
brought  by  failure  to  properly  enforce  the  industrial  alcohol 
features  of  the  law,  and  should  make  certain  that  it  is 
administered  as  intended  by  Congress. 


The  Chemist  Versatile 

IJOW  many  of  our  chemists,  particularly  the  younger 
*  *•  men,  have  been  trained  as  chemists  and  nothing  more? 
During  the  discus-sion  of  the  proposed  dismissal  of  trained 
employees  of  the  Bureau  of  Printing  and  Engraving,  the 
argument  was  advanced  that  the  men  concerned  were  special- 
ists and  unable  to  cam  a  liN-ing  in  another  field.  How 
many  in  our  profession  are  specialists  to  the  same  degree? 

In  times  of  industrial  stress  are  the  research  men  sufficiently 
resourceful  to  assist  in  finding  a  way  out  for  their  employers 
by  advising  new  products  and  making  helpful  suggestions, 
or  do  they  insi.st  upon  adhering  to  the  scientific  problem  in 
hand  under  all  conditions?  At  such  times  development 
work  is  often  stopped  and  efforts  concentrated  upon  goods 
that  can  be  sold  in  the  prevailing  market.  The  thought  of 
the  versatile  chemist  is  needed  on  the  new  set  of  problems 
then  presented. 

Chemists  must  be  prepared  to  change  with  the  times.  We 
should  be  able  to  cultivate  a  minor  vocation  without  de- 
tracting from  our  usefulness  as  chemists.  The  special  train- 
ing which  we  receive  should  fit  us  for  many  types  of  work, 
including  that  of  the  executive,  in  which  we  too  seldom  have 
an  opportunity  to  demonstrate  our  abilities.  Broad,  funda- 
mental training  should  make  it  possible  for  the  chemist  to 
fit  in  where  needed,  but  he  must  not  only  know  his  subject 
but  be  able  to  express  his  ideas  clearly  on  paper  or  verbally. 
He  must  know  how  to  meet  people.  He  must  be  familiar 
with  business  principles. 

The  ynunger  men  can  form  valuable  contacts,  take  re- 
spon.sibility,  and  try  themselves  in  a  way  that  cannot  fail 
to  broaden  them,  in  the  acti^ties  of  Local  Sections  of  the 
SoaETY.  We  have  seen  many  men  develop  under  the 
opportunities  of  active  work  in  Local  Sections  and  can 
recommend  it.  It  is,  of  course,  incumbent  upon  the  older 
men  in  the  Sections  to  make  sectional  enterprises  attractive 


to  the  younger  men,  to  make  a  way  for  them  to  be  active, 
and  to  counsel  them  in  their  work.  This  can  be  done  with- 
out entrusting  the  future  progress  of  the  Section  entirely  to 
untrained  hands. 

There  are  as  many  varied  opportunities  for  con.<itructive 
work  by  the  chemist  in  the  body  politic  as  for  the  corpuscles 
of  the  blood  in  the  human  body. 


The  Earning  Power  of  Research 

T^HE  advantage  of  cooperation  between  chemists  and 
*■  other  scientists  has  often  been  stressed.  The  examples 
of  profitable  results  from  such  cooperation  may  not  be  so 
familiar. 

Paleontology  might  not  be  considered  an  ally  of  chemistry, 
and  yet  we  find  that  certain  fundamental  researches  carried 
on  years  ago  have  now  become  of  the  utmost  importance  in 
locating  oil  sands  leading  to  the  discovery  of  commercial 
fields  and  the  expansion  of  the  petroleum  industrj',  which  is 
so  largely  chemical.  The  groups  of  organisms  studied  have 
exceedingly  interesting  habits  and  highly  artistic  forms,  but 
none  of  them  are  of  industrial  or  commercial  importance. 
They  do  not  yield  food,  or  minerals,  or  gums,  or  waxes,  but 
are  small  enough  so  that  their  fossils  are  to  be  found  in  sam- 
ples from  a  boring  and  escape  destruction  by  the  drills.  One 
group  constitutes  almost  the  only  fossils  in  the  thick  series 
of  calcareous  clays  that  overlie  the  oil  sands  in  the  Tampico 
district. 

Edward  W.  Berry  of  Johns  Hopkins,  in  discussing  this 
subject  in  Science  for  December  3.  1920,  states  that  "in  the 
Tampico  district  alone  the  knowledge  that  has  been  gained 
from  the  study  of  these  ancient  fossils  will  eventually  contrib- 
ute more  in  dollars  and  cents  to  the  wealth  of  the  world  than 
all  of  the  issues  of  the  Congressional  Record  that  have  ever 
been  printed."    He  concludes: 

"The  ultimate  commercial  value  of  these  monographic  paleon- 
tologic  studies  that  are  published  by  the  National  Museum — 
the  exploration  for  oil  in  central  and  northern  South  America, 
and  the  successful  interpretation  of  structure  that  is  the  key 
to  commercial  success  or  failure  in  the  far  olT  tierra  caliente  of 
Columbia  or  Venezuela — rests  very  largely  on  the  application 
of  the  results  of  the  unostentatious  and  unadvertiscd  paleon- 
tologic  studies." 


TN  New  England  a  certain  manufacturer  was  paying 
a  high  price  for  a  sjiccial  paper  in  the  beUef  that  price 
was  an  index  of  the  particular  quality  required  in  his  elec- 
trical work.  Research  upon  actual  requirements  revealed 
the  fact  that  a  less  expensive  paper  was  better  and  that 
carefully  drawn  specifications  would  secure  a  satisfactory 
material  at  a  saving  which  made  a  thousand  i)er  cent  a  year 
on  the  investment  in  research. 


Spilled  Milk 

'C'AR-SIGHTED  men  generally  have  decried  the  willing- 
■*•  ness  of  many  corporations  to  separate  from  their  ser- 
vice trained  scientists  with  years  of  experience  in  their 
specialty  at  the  first  indications  of  the  passing  of  soft 
times.  It  is  interesting  to  note  now  that  some  of  these 
corporations,  finding  business  improving,  seek  to  rebuild  a 
scientific  staff.  They  find  their  former  specialists  employed 
elsewhere  and  themselves  with  such  a  reputation  as  a  result 
of  their  recent  action  that  the  men  whom  they  would  like 
find  nothing  attractive  in  their  offers.  We  trust  the  lesson 
will  be  well  remembered  in  the  future. 
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Control  of  Industrial  Heating 
Processes 

By  J.  A.  Doyle 

W.  S.  Rockwell  Co..  60  Churcd  St.,  Nbw  York,  N.  Y. 

THE  INFLUENCE  of  heat  upon  the  qiiahty  and  cost 
of  nearly  all  manufactured  products,  and  the  com- 
paratively inefficient  methods  of  heating  and  handling 
in  general  use,  suggest  the  necessity  for  a  better  understand- 
ing of  the  factors  that  govern  the  production  of  heat-treated 
products  and  the  possibility  of  controlling  the  many  variable 
elements  affecting  the  selection  and  use  of  equipment  and 
fuel  for  their  production. 

Quality  and  Cost  op  Product 

Quality  and  cost  of  finished  product  should  be  considered 
as  the  basic  factors  affecting  the  conduct  of  industrial  heat- 
mg  operations.  There  are  many  contributing  factors,  in- 
cluding the  influence  of  the  human  element  and  intangible 
values  which  cannot  be  definitely  measured,  outlined  in 
Fig.  1,'  any  one  of  which  may  affect  the  ultimate  result. 

Control  of  furnace  temperature  is  generally  considered 
the  most  essential  factor  affecting  the  quaUty  of  a  heat- 

'  Illustrations  published  with  permission  of  W.  S.  Rockwell  Company. 


treated  product,  and  the  price  or  consumption  of  fuel  or 
electricity  as  the  dominant  factor  affecting  the  cost  of  the 
product.  This  view,  while  unfortunately  more  or  less  preva- 
lent throughout  the  industry,  is  nevertheless  unsound,  as 
the  development  of  the  art  following  demand  for  better  and 
cheaper  products  has  proved. 

The  problem  of  control  with  reference  to  quality  involves 
control  of  the  supply  of  fuel  or  electricity  to  the  furnace, 
control  of  supply  of  heat  to  the  working  chamber,  control 
of  the  flow  of  heat  as  it  is  actually  applied  to  the  surface  of 
the  product,  control  of  the  atmosphere  surrounding  the 
product,  and  control  of  the  time  of  exposure  and  the  rate  at 
which  the  heat  is  transferred. 

Control  of  the  cost  of  finished  product  involves  consider- 
ation of  factors  affecting  the  rate  of  production  per  unit  of 
time,  floor  space,  operative,  fuel,  etc.,  which  is  largely  gov- 
erned by  the  methods  and  equipment  employed  for  heating, 
handling,  and  cooling  the  material  to  be  heat-treated,  and 
factors  governing  the  cost  of  operation,  which  include  not 
merely  the  price  but  the  amount  of  fuel  or  electricity  em- 
ployed, labor,  power,  and  other  items  that  may  be  properly 
charged  against  operating  cost. 

Common  Fallacy 

It  is  a  common  but  misleading  assumption  that  control  of 
chamber  temperature  or  of  supply  of  heat  energy  to  a  fur- 
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FlQ.  2— RULATION  or  TSMPBRATURl!  INDICATION  TO  IlUATKD   PkodIICT 


nace  is  synonymous  with  control  of  the  temperature  of  the         The  difference  between  control  of  heat  a.s  it  is  generated     ' 

heat-treated  pro.hi.-t.     However,  control  of  the  generation  in  the  furnace  and  control  of  heat  as  it  is  applied  to  or  trans-      J 

oJ  heat  IS  not  or|uivalcnt  to  control  of  the  application  of  heat,  ferred  from  the  surface  of  the  product  is  not  generally  realized. 
or  to  control  of  the  uniformity  with  which  the  product  is         Automatic  devices  set  in  motion  bv  movement  in  the 

heated  or  cooled.  pyrometer  are  available  for  control  of  delivery  of  coal  through 
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stokers  or  in  powdered  form;  of  Riis,  oil,  or  steam  throuKh 
automatic  valves;  and  of  electricity  throupli  various  forms 
of  regulating  devices — all  of  wliicli  may  result  in  control  of 
the  manner  of  generating  heat  in  a  furnace,  but  do  not 
necessarily  control  the  application  of  heat  to  the  product 
within  tliat  furnace. 

Indication  of  temperature  control  is  frequently  accepted 
as  evidence  of  control  of  the  manner  in  wl\ich  the  product  is 
heated  or  cooled,  regardless  of  the  fact  that  indication  of 
uniform  temjxjrature  does  not  of  itself  establish  the  uniform- 
ity of  a  heating  or  cooling  process. 

Uniform  chamber  temperature  is  necessary  to  produce  a 
product  that  is  uniformly  heated  or  cooled,  but  heating  a 
chamber  uniformly  and  uniformly  heating  or  cooling  a  charge 
within  tiiat  chamber  are  distinct  matters. 

Of  primary  importance  are  the  manner  of  heat  application 
to  the  surface  of  the  individual  piece,  the  time  of  ex- 
posure, the  rate  of  heating,  and  the  composition  of  the  heat- 
ing or  cooling  atmosphere.  Variation  in  product  may 
result  from  difference  in  furnace  design,  in  manner  of  placing 
the  charge  in  the  chamber,  in  the  time  of  exposure,  in  the 
rate  of  heating,  or  the  rate  of  charging  and  discharging, 
which  may  result  in  difference  in  manner  of  heat  applica- 
tion or  heat  transfer  wnthout  any  indication  by  the  pyrom- 
eter of  temperature  variation  within  the  chamber. 

The  ideal  condition  for  the  production  of  properly  treated 
product  is  approached  when  the  heating  and  cooling  me- 
diums are  uniformly  applied  to  the  entire  surface  of  each 
section  or  piece,  indi^ndually,  in  the  same  manner,  at  the 
same  temperature,  at  the  same  rate,  for  the  same  time,  in 
the  same  atmosphere,  in  equipment  properly  adapted  to 
the  nature  of  the  process,  form  of  fuel,  or  electricity  era- 
ployed,  manufacturing  requirements   and  plant  conditions. 

The  relation  of  indicated  chamber  temperature  to  heated 
product  is  illustrated  by  Fig.  2. 

The  pyrometer  chart  is  an  accurate  reproduction  of  one 
of  a  set,  practically  identical  in  character,  indicating  the 
temperature  control  in  five  furnaces  operating  on  the  same 
24-hr.  day.  Although  it  might  be  assumed  that  a  charge 
would  be  uniformly  heated  in  any  furnace  recording  such  a 
chart,  there  would,  nevertheless,  be  a  marked  variation  in 
the  uniformity  with  which  the  charge  would  be  heated  in 
some  of  the  different  types  of  furnaces  (1  to  11),  even 
though  the  indicated  chamber  temperature  and  the  time  of 
heating  were  the  same  in  each  case. 

The  approximate  locations  of  the  incompletely  heated 
zones,  reflecting  a  difference  in  furnace  design  or  manner  of 
loading,  are  shown  by  the  shaded  sections.  The  electric 
furnaces  (5,  6,  7)  are  not  exceptions  to  the  rule,  for  while 
they  may  be  alike  in  manner  of  generating  and  controlling 
the  input  of  heat,  they  differ,  like  the  various  fuel-fired 
furnaces,  in  manner  of  applying  the  heat  to  the  surface  of 
the  charge  in  the  chamber. 

The  product  may  likewise  vary  in  uniformity  in  each  of 
these  furnaces,  depending  upon  the  manner  of  distributing 
the  charge  (A  to  0)  and  of  the  mass  and  surface  exposed  to 
the  heat,  although  there  may  be  no  variation  of  indicated 
chamber  temperature  or  time  of  heating. 

The  Time-Temperature  Factor 

Unwarranted  emphasis  on  temperature  control  as  the  essen- 
tial element  in  heating  or  cooling  operations,  and  on  output, 
fuel  consumption,  etc.,  as  the  determining  factors  in  cost, 
frequently  leads  to  neglect  of  the  influence  of  tiie  tune, 
manner  of  exposure,  and  the  rate  of  heating  or  cooling  upon 
the  quality  and  cost  of  the  finished  product. 

Control  of  time  and  rate  of  heating  or  cooling  is  just  as 
essential  as  control  of  temperature.    Time  and  temperature 


are  bo  inseparably  linked  that  it  would  be  well  to  associate 
the  two  as  one  fiictor — lime-lemperalure.  The  use  of  such 
a  term  may  tend  to  disc-ourage  the  usual  ab.stracl  consider- 
ation of  temperature  without  regard  Ut  the  time  necessary 
to  attain  a  given  temperature,  and  to  encourage  the  thought 
that  there  are  a  number  of  facttjrs,  subject  to  control  in 
addition  to  temiK'rature,  that  affect  the  uniformity  with 
which  a  given  product  is  heated  or  cooled. 

Temperature  is  a  more  or  less  fixed  factor,  determined  by 
the  nature  of  the  process  and  the  physical  or  chemical  re- 
quirements in  the  product  to  be  heated  or  cooled.  It  should 
be  considered  with  reference  to  the  distinction  between 
temperature  of  the  chamber  in  which  the  product  is  exposed 
and  the  temperature  throughout  the  product  itself,  which  is 
naturally  affected  by  the  time  of  exposure  and  the  rate  of 
heat  absorption. 
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Fto.  3 — Factors  Dbtbrmining  UmpoRiiiTy  of  Hbatthg  and  Cooling 

Time  of  heating  is  a  variable  factor  and  is  influenced  by 
the  manner  of  transferring  heat  to  or  from  the  surface  of  the 
product,  the  manner  of  loading  or  exposure,  the  relation  of 
one  piece  to  another  and  to  the  source  of  heat,  the  difference 
between  temperature  of  the  product  and  the  chamber  in 
which  it  is  exposed,  the  rate  of  circulation  over  the  surface, 
conductivity  of  the  material  of  which  the  product  is  composed, 
relation  of  the  mass  of  the  charge  to  the  chamber  in  which 
it  is  exposed,  and  other  factors  outlined  by  Fig.  3. 

The  rate  of  heating  or  cooling  should  be  determined  with 
reference  to  the  physical  or  chemical  requirements  in  the 
finished  product,  and  to  the  mass,  shape,  section,  exposed 
surface,  and  manner  of  exposure.  The  viewpoint  of  the 
engineer  with  reference  to  "the  rate  at  which  heat  can  be 
transferred"  to  save  time  or  fuel,  or  to  increase  production, 
should  be  considered  with  the  view  of  the  chemist  in  determin- 
ing "the  rate  at  which  heat  should  be  transferred,"  in  order 
to  effect  the  desired  result  in  quality  of  finished  product. 

The  influence  of  variable  section,  shape,  or  surface  exposed, 
upon  the  rate  of  heating  or  cooling  may  necessitate  slow 
heating  or  preheating,  in  order  that  the  mass  may  be  well 
saturated  before  it  is  subjected  to  the  final  temperature. 
Disregard  of  this  point  is  the  cause  of  difficulties  that  fre- 
quently follow  the  practice  of  maintaining  furnace  tempera- 
ture materially  higher  than  that  reqmred  in  the  product,  in 
order  to  gain  time  or  save  fuel. 

Control  of  temperature  in  a  furnace  is  a  function  of  the 
control  of  the  input  of  heating  energy,  whether  it  be  fuel 
or  electricity;  but  there  is  a  difference  between  that  and  con- 
trol of  the  apphcation  of  heat  to  the  product. 

The  manner  m  wliich  heat  is  applied  to  the  surface  of 
the  product  to  be  heated,  which  very  largely  reflects  the 
design  and  method  of  loading  and  operating  the  furnace, 
is  of  paramount  importance,  and  necessarily  involves  factors 
affecting  the  time  of  exposure  and  rate  of  heating  and  cooling, 
which  are  equally  as  important  as  factors  that  influence 
control  of  chamber  temperature— all  of  which  must  be  con- 
sidered in  order  to  produce  a  product  as  uniform  as  the 
pyrometer  indicates  it  should  be. 
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industrial  chemists.  The  reason  for  this  is  that  gases  are 
much  more  difficult  to  collect,  handle,  transport,  and  work 
with  in  the  laboratorj'  than  solids  or  liquids.  The  composi- 
tions of  gases  evolved  in  many  industrial  reactions  are  still 
quite  unknown. 
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It  is  much  more  difficult  to  automatically  control  the 
variable  factors  affecting  time  and  rate  of  heating  or  cooling 
than  to  control  the  factors  affecting  temperature,  except  in 
continuous  furnaces,  the  use  of  which  is  limited  to  condi- 
tions that  permit  a  steady  flow  of  material  uniform  in  char- 
acter. 

The  Human  Element 

The  great  variety  of  chemicals  subjected  to  the  action  of 
heat  in  the  process  of  production,  and  the  still  greater  variety 
in  plant  conditions  requiring  the  use  of  different  t\T>es  of 
furnaces  and  forms  of  fuel  or  electricity,  and  the  ever-chang- 
ing methods  resulting  from  development  of  the  art  make  it 
difficult  to  indicate  how  these  variable  factors  may  be  con- 
trolled without  dependence  upon  the  human  element  in  the 
conduct  of  such  operations. 

The  human  element  cannot  be  eliminated  by  automatic 
devices  to  control  temperature,  except  in  rare  cases  where 
the  manufacturing  routine  does  not  vary  in  essential  detail. 
Variations  in  size,  shape,  weight,  quantity,  rate  of  flow,  time 
of  exposure,  rate  of  heating,  composition  of  material,  or 
nature  of  the  heating  or  cooling  process,  call  for  the  exercise 
of  skill  and  judgment  on  the  part  of  the  furnace  operative, 
in  order  that  the  charge  may  be  properly  placed  and  heated. 
As  long  as  the  many  variable  factors  governing  produc- 
tion of  heat-treated  products  call  for  the  exercise  of  judg- 
ment, just  so  long  \vt11  the  human  element  be  the  ultimate 
controlling  factor.  The  need  of  the  moment  is  for  operatives 
or  supervisors  qualified  to  understand  and  properly  apply 
the  principles  that  govern  correct  heating. 

It  is  in  order  to  suggest,  in  view  of  the  ever-increasing 
demand  for  better  and  cheaper  products,  that  it  is  advisable 
for  those  concerned  with  the  conduct  of  industrial  heating 
operations  to  consider  the  importance  of  these  variable 
factors  and  intangible  values,  and  the  simple  principles 
affecting  their  control,  because  of  their  bearing  upon  the 
result  sought  in  the  form  of  finished  product. 

The  needs  of  the  future  can  only  be  met  with  better 
methods  of  heating  and  handling,  better  equipment,  and, 
above  all,  men  properly  qualified  to  select  and  use  the 
equipment  that  is  such  an  essential  part  of  the  means  to  the 
end. 


Automatic  Volumetric  Analysis 
Carbon  Monoxide  Recorder 

By  Guy  B.  Taylor  and  Hugh  S.  Taylor 

K  I.  DU  I'ONT  OH  Nhmours  &  Co  ,  nxpsmsiKNTM.  Station, 
IlKNRV  Clay,  Dei,. 

CHEMICAL  industry  has  been  singularly  backward  in 
encouraging  the  development  of  automatic  devices  for 
control  of  operations.  It  has  preferred  in  most  cases 
to  spend  it«  energies  on  the  development  of  rapid  analytical 
methods  which,  when  carried  out  in  the  works  control  labora- 
tory, interfere  with  production  to  the  minimum  extent. 
There  are  no  doubt  many  cases  where  routine  analyses  might 
be  made  by  machines  instead  of  by  men,  furnishing  results 
more  cheaply  and  quickly,  or  even  recording  them  continu- 
ously. Often  sucli  machines  might  be  capable  of  actually 
performing  work  in  the  plant,  resulting  in  considerable  labor 
saving  as  well  a.s  tending  toward  uniformity  and  high 
quality  of  product. 

Undoubtedly,  giia  analysis  offers  the  simplest  case  for 
development  of  automatic  analysis  and  control  devices.  On 
the  other  hand,  manual  gas  analyses  seem  to  be  avoided  by 


Most,  if  not  all,  automatic-recording  gas-analysis  instru- 
ments on  the  market  in  the  United  States  are  designed 
specifically  for  carbon  dioxide  in  flue  gas.  The  principle 
upon  which  they  all  operate  is  to  measure  a  quantity  of  the 
gas,  absorb  the  carbon  dioxide,  and  measure  the  unabsorbed 
residue.  When  this  principle  is  applied  to  gases  for  constitu- 
ents averaging  1  per  cent  of  the  total,  obviously,  obtaining 
the  result  by  the  method  of  differences  of  relatively  large 
numbers  may  lead  to  serious  errors.  For  example,  a  differ- 
ence in  temperature  of  3°  C.  between  the  two  measuring 
vessels  of  an  instrument  operating  on  the  volume  change 
principle,  occurring  after  the  instrument  has  been  adjusted, 
would  cause  an  error  of  100  per  cent  in  the  record  of  the 
amount  of  constituent  present  at  a  concentration  of  1  per 
cent. 

In  this  paper  we  will  describe  an  instrument  adapted  for 
direct  determination  of  carbon  monoxide  or  dioxide  at  low 
concentrations,  but  which  is  also  applicable,  when  suitably 


modified,  to  other  gases  and  other  concentrations.  In  prin- 
ciple it  consists  of  mixing  continuously  measured  volumes 
of  gas  with  a  liquid  reagent  and  measuring  the  resulting 
electrolytic  conductivity  change  of  the  solution.    The  novelty 
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Fig.  3 — Automatic  Gas  Analysis  Apparatus  for  Carbon  Monoxidb 


of  the  apparatus  consists  in  the  method  of  securing  accurate 
oontrol  of  the  volume  of  the  two  fluids  mixed.  This  method 
of  mixing  two  or  more  fluids  (gas  and  liquid,  or  liquid  and 
liquid)  makes  it  possible  to  make  and  record  continuously 
any  volumetric  chemical  analysis,  if  the  resultant  chemical 
or  physical  change  can  be  recorded  automatically.  Among 
the  cheamical  and  physical  changes  which  may  be  so  recorded 
are  electrolytic  conductivity,*  hydrogen-ion  concentration, 
temperature,  density,  thermal  conductivity,  etc. 

E.  K.  Rideal  and  H.  S.  Taylor'  published  the  first  account 
of  gas  aaalysis  on  the  electrolj^tic  principle.  Their  apparatus 
was  designed  for  the  determination  of  traces  of  carbon 
monoxide  in  hydrogen.  The  gas  was  passed  over  a  preferen- 
tial oxidation  catalyst  which  converted  carbon  monoxide  to 
the  dioxide.  The  gas  stream  then  met  standard  limewater 
in  a  glass  tower  packed  with  glass  wool.  The  less  concen- 
trated limewater  then  flowed  to  an  electrolytic  cell,  the 
electrodes  of  which  were  connected  with  a  source  of  e.  m.  f. 
and  a  recording  milammeter.  K.  von  Ilaken'''  developed  a 
similar  apparatus  for  carbon  dioxide  in  flue  gas. 

The  accuracy  of  this  type  of  apparatus  obviously  depends 
upon  maintaining  a  constant  ratio  of  gas  and  reagent  flow. 
In  the  Rideal  and  Taylor  apparatus,  liquid  was  delivered 
through  a  capillary  under  a  constant  head  and  the  gas  flow 
controlled  by  a  capillary  flowmeter.  Von  Haken  controlled 
his  flows  by  acomplicated  system  of  manometers  and  floats. 
These  methods  may  be  satisfactory  for  short  periods  and  for 
clean  dry  gas.  For  most  industrial  gases,  variation  in  pres- 
sure at  the  point  of  sampling  and  dust  in  the  gas  make 
them  inapplicable. 

The  ratio  device  developed  by  us  consists  of  two  piston 
pumps  driven  from  a  common  shaft  and  thus  stroking  to- 
gether. One  pump  delivers  gas  and  the  other,  reagent. 
The  volume  ratio  of  the  two  is  independent  of  variations  in 
the  speed  of  pumping.    Piston  pumps  require  valves,  and 

^  Analyst,  4A  (1918),  89. 

»Z  angew.  Chem..  SS  (1920),  188. 


in  this  case  valves  that  never  fail  in  their  action  and  never 
slip.  Mechanically  closing  valves  of  the  ordinary  types 
cannot  be  depended  upon,  especially  when  the  bore  of  the 
pump  cylinder  is  only  a  small  fraction  of  an  inch  in  diameter. 
This  difliculty  was  overcome  by  the  use  of  mercury  traps  as 
valves  (Figs.  1  and  2). 

Description  of  Carbon  Monoxide  Recorder 

The  recorder  described  below  was  developed  for  the  con- 
trol of  a  gas-fired  furnace. 

Fig.  3  is  a  diagrammatic  sketch  of  the  original  apparatus, 
which  may  be  used  to  illustrate  the  working  of  the  instru- 
ment. Gas  from  the  furnace  is  aspirated  by  1  and  enters 
through  pipe  2,  which  just  dips  under  water  in  bottle  3.  A 
continuous  rapid  bubbling  is  maintained.  Pipe  5  is  a  safety 
tube  where  air  may  enter  if  any  obstruction  occurs  in  the 
line  to  the  furnace.  A  portion  of  the  gas  drawn  from  the 
furnace  bubbles  through  potassium  hydro.>dde  in  4  to  absorb 
carbon  dioxide.  Carbon  monoxide  is  burned  to  dioxide  by 
hot  copper  oxide  in  quartz  tube  6,  heated  by  electric  furnace 
7.  Device  8  contains  concentrated  sulfuric  acid  for  partial 
drying  of  the  gas  to  avoid  condensation  of  water  in  the  pump 
and  valve  trap.  The  ratio  pumps  are  indicated  in  the  figure 
by  9  and  10;  15  is  the  pulley  wheel  on  the  gear  reduction 
operating  the  pumps,  and  16  an  electric  motor.  Tenth 
normal  ammonium  hydroxide  in  12  is  pumped  to  spiral  11 
and  there  meets  gas  pumped  by  9.  In  flowing  down  the 
glass  spiral,  carbon  dioxide  is  absorbed,  which  absorption 
increases  the  conductivity  of  the  ammonia  solution  directly 
proportional  to  the  amount  absorbed.  This  solution  runs 
through  cell  17  and  wastes  through  19.  Water  in  bucket 
18  maintains  the  cell  at  a  fairly  constant  temperature,  and  is 
supplied  continuously  by  aspirator  1 . 

Ratio  Pump— A  plan  and  end  elevation  of  the  ratio 
mechanism  are  shown  in  Figs.  1  and  2.  The  bore  of  the 
solution  pump  is  Vis  in.  and  that  of  the  gas  pump  '/j  in. 
The  pins  31  are  movable  along  the  diameter  of  the  crank 
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disk  7  for  adjusting  the  length  of  stroke.  The  solution 
pump  is  adjusted  to  deliver  0.25  cc.  and  the  gas  pump  1.00 
cc.  per  stroke.  The  pumps  stroke  40  times  per  min.  The 
\alve  traps  on  the  gas  side  are  made  of  capillary  glass  tubing 
(Fig.  2,  14-15)  with  bulbs  about  '/i  >n.  inside  diamet«r.  The 
solution  traps  are  of  different  construction,  as  shown  in  the 
figure.  Tubes  12  and  23  are  capillaries,  with  ends  which 
just  dip  below  the  mercury  surface  20.  The  absorbing 
liquid  completely  fills  the  rest  of  the  space  in  the  two  traps. 
The  action  of  these  traps  will  be  clear  from  a  glance  at  the 
drawing.  The  positions  of  the  mercury  columns  shown  in 
the  figure  are  those  at  the  end  of  the  suction  strokes.  Solu- 
tion and  gas  have  entered  the  cylinders  by  bubbling  through 
mercury  seals  20  in  16i  and  17i.  In  the  traps  16o  and  17o 
the  mercury  columns  have  risen  and  sealed  the  outlets. 
On  the  pressure  stroke,  these  columns  fall  and  corresponding 
columns  seal  the  inlets  while  the  cylinders  are  discharged. 

Electrical  Recording  System — The  cell  is  made  from 
a  filter  tube  of  the  size  to  hold  a  No.  7  rubber  stopper.  The 
electrodes  are  smooth  platinum,  6  mm.  square,  spaced  13 
mm.  apart.  The  holes  in  a  standard  No.  7  two-holed  stopper 
are  spaced  about  right.  These  electrodes  are  connected  in 
series  with  a  recording  milammeter,  range  0  to  50  milamperes, 
and  about  13  dry  cells.  The  circuit  is  provided  with  a 
double-pole,  double-throw,  knife  switch,  so  that  either  the 
cell  or  a  standard  500  ohm  resistance  can  be  placed  in  circuit 
with  the  ammeter.  With  the  coil  in  circuit  enough  batteries 
are  used  to  make  the  ammeter  read  38  to  40  milamperes— 
usually  13  new  cells  are  necessary.  If  13  gives  too  high  an 
amperage  and  12  too  little,  used  cells  remedy  the  difficulty. 
After  adjusting  the  voltage  to  19  or  20  volts  by  this  method, 
the  cell  is  put  in  circuit,  and  with  0.1  .V  ammonia  at  about 
25°  C,  the  reading  should  be  10  milammeters.  If  the  gas- 
solution  ratio  is  now  4  to  1,  each  increase  of  5  milamperes 
above  10  will  correspond  to  1  per  cent  carbon  monoxide. 
Each  dry  cell  lasts  about  a  month  with  continuous  service. 
An  adjustment  by  combination  of  old  and  new  cells  once  :i 
week  is  all  that  is  required  to  maintain  the  proper  voltage. 

Performance  and  Precision 

The  apparatus  as  described  will  determine  carbon  mon- 
oxide in  flue  gas  or  in  the  air  up  to  a  total  of  8  pwr  cent,  witli 
an  accuracy  of  ±0.2  per  cent  at  temperatures  around  25°  C. 
With  no  temperature  control  on  any  part  of  tlie  apparatus 
except  the  cell,  the  results  should  not  be  in  error  more  than 
l3  per  cent  of  the  amount  present.  The  temperature 
coefficient  of  electrical  conductivity  being  quite  high,  the 
cell  must  necessarily  be  placed  in  a  bath.  With  tap  water 
constantly  running  through  the  bath,  the  temperature  varia- 
tion from  day  to  day  is  not  .serious  but  may  be  so  from 
month  to  month.  This  is  corrected  by  occasionally  changing 
the  gas-solution  ratio.  The  originjil  apparatus  as  made 
from  ordinary  laboratory  equipment  ran  almost  continu- 
ously for  six  months  with  no  skilled  attention.  The  furnace 
operator  took  almost  complete  care  of  the  apparatus,  being 
supplied  daily  by  the  laboratory  with  5  gal.  of  0.1  TV^  ammonia. 
The  metliod  of  making  tliis  solution  was  simply  to  add 
130  cc.  strong  reagent  ammonium  hydroxide  to  5  gal.  of 
distilled  water. 

Since  the  orininal  apparatus  was  built,  two  others  have 
been  constructed  in  much  more  compact  form  and  placed 
in  substantial  wooden  cabinets. 

Appucationb 

The  recorder  described  is  applicable  generally  for  flue  gas. 
Its  sensitivity  can  be  extended  to  the  detection  of  the  lower 
concentration  of  carbon  monoxide  encountered  in  mine  air 
and   in   underground   vehicular  tunnels.     Hydrocarbons  of 


the  methane  series  do  not  necessarily  interfere,  because  car- 
bon monoxide  can  be  preferentially  burned  to  carbon  dioxide. 
As  mentioned  above,  use  of  the  ratio  device'  is  not  restricted 
to  gas  analysis.  Many  other  volumetric  analyses,  involving 
two  or  more  fluids,  might  conceivably  be  performed  with 
its  aid. 


Hydrogen-Ion  and  Other  Electrical 

Measurements  as   Applied  to 

Process  Control 

By  Earl  A.  Keeler 
Leeds  &  Nortbrup  Co.,  Phii,adei.phia,  Pa 

THE  INCREASING  use  of  hydrogen-ion  measurements 
in  the  industrial  laboratory  naturally  leads  one  to  a 
consideration  of  the  f)ossibilities  existing  for  such  meth- 
ods in  automatic  process  control.  No  other  electrical  meas- 
urement utilized  in  the  chemical  industries  possesses  such  an 
extensive  and  varied  field  for  application  as  that  of  the 
hydrogen  ion.  Related  as  it  is  to  the  activity,  or  actual 
acidity,  of  solutions,  it  has  become  a  factor  of  great  impor- 
tance ill  the  control  of  many  chemical  processes.  The  usual 
chemical  titration  is  sometimes  misleading  because  it  meas- 
ures total  acidity  or  alkalinity,  thus  including  both  free 
acidity  and  that  due  to  salts  exhibiting  an  acid  or  alkaline 
reaction.  The  hydrogen-ion  concentration,  or  actual  aciditj', 
is  frequently  the  predominant  factor  entering  into  reaction 
control. 


The  development  of  the  hydrogen-ion  automatic  process 
control  has  been  greatly  retarded  by  the  diflficulty  experienced 
in  constructing  electrode  structures  suitable  for  industrial 
application.    Consequently,  this  paper  is  more  of  the  nature 

■  Patent  applied  for. 
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of  ii  statement  of  possibilities  rather  tlian  a  completed  report 
of  instiiUations  in  operation.  Considerahle  improvement 
lias  been  made  in  the  electrodes  available,  and  efforts  are 
now  being  made  to  apply  liydro'^en-ion  control  to  the  various 
processes  encountered  in  the  chemical  industry.     Up  to  the 


present  time,  most  of  the  automatic  control  work  has  been 
along  the  line  of  maintaining  a  definite  hydrogen-ion  concen- 
tration of  boiler  feed.  It  is  well  known  that  one  of  the  fac- 
tors entering  into  the  corrosion  of  boiler  steel  is  the  hj'drogen- 
ion  concentration  of  the  boUer  feed.  By  maintenance  of 
the  feed  to  a  concentration  corresponding  to  a  slight  alka- 
linity, the  corrosion  of  the  boiler  and  its  auxiliaries  may  be 
materially  reduced. 

Fig.  1  shows  a  hydrogen-ion  recorder  controller  as  in- 
stalled for  boiler  feed  control.  Caustic  soda  is  added  to  main- 
tain a  shght  alkalinity.  The  water  passes  through  a  small 
filter  and  a  simple  air  electrode  operating  on  the  aspirator 
principle.'  Such  an  electrode  is  shown  in  section  in  Fig.  2. 
The  automatic  valve  shown  in  Fig.  3  is  motor-operated 
from  the  control  circuits  of  the  recorder  controller,  and  ojjens 
or  closes  the  caustic  soda  line  leading  to  the  feed  water  heaters. 
Another  caustic  soda  line  is  by-passed  around  the  automatic 
valve.  This  line  continually  feeds  a  small  amount  of  alkali 
to  take  care  of  the  minimum  demand  of  the  system.  Varia- 
tions of  acidity  or  alkalinity  result  in  the  automatic  valve 
opening  or  closing,  thus  altering  the  rate  of  alkali  flow  into 
the  boiler  feed.  The  tank  and  piping  for  handling  the 
caustic  soda  solution  are  also  shown  in  Fig.  3.  The  equipment 
described  in  this  installation  is  practically  the  same  as  that 
required  for  various  other  applications  of  the  hydrogen-ion 
automatic  process  control.  A  previous  paper  on  this  subject 
is  of  interest  in  that  it  is  indicative  of  the  possibilities  exist- 
ing for  the  application  of  automatic  control  to  the  chemical 
industry.' 

Other  tj-pes  of  automatic  process  control  utUieing  electrical 
measuring  equipment  have  already  proved  successful .  Among 
these  may  be  mentioned  the  important  stage  of  oil  refining 
known  as  the  "cracking"  process.  Here  the  temjjerature- 
recorder  controller  {performs  a  useful  duty  in  maintaining  the 

'  "A  Meter  for  Measuring  Alkalinity  of  Boiler  Feed  Water,"  Power, 
Mar  16,  1922. 

•  Tras  JontKAL.  14  (1922),  395. 


oil  at  the  proper  temperature  for  efficient  distillation.  An- 
other interesting  use  of  electrical  measuring  instruments  in 
found  in  the  control  of  chemical  procesnos  by  the  electro- 
lytic conductivity  method.  Considerable  has  been  done 
along  this  line  during  the  last  few  years. 

Experience  has  shown  that,  in  many  instances,  actual 
control  of  process  by  automatic  means  is  inadvisable.  Fre- 
quently there  are  so  many  variables  involved  that  control 
by  means  entirely  automatic  would  require  costly  and  com- 
plicated apparatus.  A  tyiw  of  process  control  that  has  been 
found  very  satisfactory  under  such  conditions  is  knowTi  as 
the  "signal-light  system."  According  to  tliis  system,  signal 
lights  of  various  colors  are  lighted  when  the  various  stages  of 
the  process  are  reached.  The  operator  then  uses  the  signals 
as  an  indication  of  the  operations  neces.sary  and  manually 
puts  into  action  the  proper  control.  Signal-light  control 
possesses  the  advantages  of  simplicity  and  low  maintenance 
cost. 

An  interesting  illustration  of  this  type  of  control  is  in- 
volved in  the  electrolytic  conductinty  equipment  used  on 
some  of  our  battleships  for  salinity  control  of  fresh  water  and 
boiler  feed.  A  conductivity  cell  is  placed  in  the  distillate 
line  from  the  evaporator.  The  resistance  of  this  cell  is  meas- 
ured by  a  Wheatstone  bridge,  signal-light  controller,  which 
automatically  lights  the  signal  lamps  according  to  the  con- 
ductivity of  the  distilled  water.  The  calibration  of  the 
apparatus  is  such  that  a  white  light  is  lighted  if  the  concen- 
tration is  under  0.5  of  a  grain  of  chlorine  per  gal.  At  over 
0.5  of  a  grain  and  under  5  grains'  concentration  a  green 
light  is  lighted.  If  trie  concentration  becomes  excessive 
and  above  5  grains  per  gal.,  a  red  light  is  lighted.    The  sig- 


nal lamps  are  placed  Ln  the  evajxirator  room  so  that  the  ojjera- 
tion  of  evaporators  and  the  disposal  of  the  distilled  water  may 
be  controlled  according  to  their  indications.  In  event  of  a 
red  lamp  being  lighted  the  distillate  is  diverted  into  the 
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bilge  as  being  unfit  for  boiler  feed  and  other  requirements. 
The  condensed  steam  line?  from  the  main  turbine  condensers 
are  similarly  equipped  with  signal-light  controllers  to  indi- 
cate leakage  of  the  circulating  water  into  the  condensate. 
A  new  instrument  for  recording  turbidity  of  solutions  has 
t)een  recently  developed  that  may  have  considerable  nppli- 
cation  in  automatic  process  control.  Fig.  4  shows  the  ap- 
paratus used-  in  making  a  turbidity  measurement.  The 
solution  is  interposed  between  a  high  candle-power  lamp  and 


a  photoelectric  cell.  A  220-volt,  d.  c.  circuit  is  connected  to 
the  photoelectric  cell,  and  a  recording  fwtentiometer  and  shunt 
used  to  measure  the  current  flow  through  tlie  cell.  Varia- 
tions in  the  intensity  of  the  light  falling  on  the  sensitized 
plate  of  the  cell  will  vary  the  number  of  the  electrons  emitted 
and  alter  the  current  flow  through  the  cell.  It  can  be  seen, 
therefore,  that  variations  in  turbidity  of  the  liquid  inter- 
posed between  the  liglit  and  the  photoelectric  cell  will  result 
in  variations  of  light  transmitted  through  the  liquid,  and 
produce  changes  of  current  in  the  cell  circuit.  The  recording 
instrument  can  then  be  made  to  effect  any  suitable  control 
to  vary  the  turbidity  and,  if  desired,  maintain  it  at  a  constant 
value. 


Control  Devices  Employed  in  Testing 
Ammonia  Catalysts' 

By  Alfred  T.  Larson  and  Sebastian  Karrer 

FlXKO   NiTKOOBN    RKSUARCII    LABORATORY,  DEPARTMENT  OK  AcRICULTURU. 

Washington,  D.  C. 

IN  THlt;  testing  of  ammonia  catalysts,  close  regulation  of 
temperature  and  pressure  is  essential  if  tlie  results  are  to 
have  any  comparative  value.   As  a  general  rule,  catalysts 
do  not  respond  quickly  to  changes  in  temperature  and  pres- 
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sure,  and  therefore  observations  made  while  either  or  both 
factors  are  fluctuating  are  not  reliable.  It  will  be  the  pur- 
pose of  this  papter  to  describe  a  method  of  controlling  one  of 
these  factors — namely,  the  pressure. 

The  high-pressure  equipment  employed  in  this  laboratory 
for  the  testing  of  ammonia  catalysts  is  shown  diagrammat- 
ically  in  Fig.  1.  It  consists  essentially  of  a  gas  mixer  or 
burner,  a  gas  holder,  a  compressor,  a  high-pressure  storage, 
a  gas-purifying  train  (not  shown  in  figure),  an  electrically 
heated  catalyst  bomb,  a  low-pressure 
flowmeter,  and  an  ammonia  scrubber 
or  decomposer.  This  circuit  requires 
close  regulation  of  pressure  at  three 
places,  the  first  being  at  the  gas  burner 
where  hydrogen  and  air  are  mixed  in 
such  proportions  that  the  residual  gas 
contains  three  parts  of  hydrogen  and 
one  part  of  nitrogen.  The  burner,  to- 
gether with  its  control  apparatus,  will 
be  described  in  the  second  article  of 
this  series. 

The  catalyst  bomb  and  purification 
system  operateat  1495  lbs.  (lOO-atm.) 
pressure,  while  the  high-pressure  stor- 
age may  vary  from  1600  to  3000  lbs. 
Between  the  storage  cylinders  and  the 
purification  towers,  therefore,  there 
must  be  provided  a  regulatory  device 
capable  of  delivering  gas  at  a  constant 
pressure  (1495  lbs.),  while  the  storage 
or  supply  pressure  varies  between  the 
limits  mentioned. 

To  meet  the  requirements  of  high- 
pressure  gas  regulation,  a  type  of  valve 
differing  somewhat  from  the  common 
commercial  valves  has  been  devised, 
the  details  of  which  are  shown  in  Fig. 
2.  It  consists  essentially  of  a  valve 
seat  cut  in  a  steel  plug  (3),  a  valve  stem  (16)  held  in  place 
by  means  of  a  coiled  spring,  and  an  electromagnet  to  lift 
the  valve  stem  from  its  seat.  Attached  to  the  delivery 
pipe  of  the  valve  is  a  pressure  gage  which  has  an  electric 
contact  attached  to 
its  Bourdon  tube,  as 
shown  in  Fig.  3.  The 
opening  and  closing 
of  this  contact  oper- 
ates a  suitable  relay, 
wliich  in  turn  opens 
and  closes  the  elec- 
tric circuit  that  ener- 
gizes the  electromag- 
net. The  closeness 
with  which  the  gas 
pressure  can  be  reg- 
ulated is,  of  course, 
determined  in  large 
part  by  the  sensitiv- 
ity of  the  gage. 

The  valve  as  de- 
signed and  built  for 
delivering  the  gas  at 
lOO-atm.  pressure 
has  essentially  the 
following  dimensions : 
The  supporting  shell 
(1)  is  a  piece  of 
extra    heaNy   tubing 
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Genprt,h,  11 'A  in.;  o.  d.,  2Vs  in.;  i.  d.,  1  V?  in.),  threaded 
at  both  ends  as  indicated  in  the  figure.  Into  the  lower 
end  is  fitted  a  steel  plug  which  serves  as  a  gas  inlet 
and  as  a  valve  seat,  and  also  carries  the  support  and  guide 
for  the  valve  stem  (16).  A  Vie-in.  hole  is  drilled  up  to  the 
constriction  indicated  in  the  drawing,  at  which  pioint  the 
hole  is  reduced  to  '/32  in.  A  Win.  drill  is  run  in  from  the 
top,  leaving  the  constricted  portion  appro.idmately  'A  in. 
in  length.  Into  this  V-i-in.  opening  is  inserted  a  plug  of 
copper  which  approximately  half  fills  this  hole.  The  'A-in. 
drill  is  now  dropped  into  the  hole  to  smooth  the  top  surface 
and  the  'Aj-in.  drill  is  run  through  from  the  bottom.  With 
the  valve  stem  (16)  and  its  support  (4)  in  place,  the  point 
of  the  valve  stem  is  inserted  into  the  copper  plug  and  a  .«!eat 
produced  by  tapping  with  a  hammer.  It  was  found  that  a 
steel  valve  seat  is  extremely  difficult  to  make  and  to  main- 


tain gastight,  whereas  a  copper  seat  requires  no  grinding 
and  is  easily  repaired  if  excessive  leakage  develops.  Most 
ordinary  leaks  can  be  remedied  by  disassembUiig  the  valve 
and  striking  the  top  of  the  valve  stem  in  a  manner  similar 
to  that  employed  at  the  time  when  the  seat  was  initially 
made. 

The  valve  stem  (16)  was  made  from  a  hammered  steel 
rod  4Va  in.  in  length  and  Vis  in.  at  its  greatest  diameter. 
Threaded  to  the  lower  portion  is  a  1-in.  iron  di.sk  having  a 
thickness  of  'A  in.  and  ser\Tng  as  a  support  for  the  coiled 
spring.  To  the  top  of  the  valve  stem  is  threaded  a  soft  iron 
dijsk  (9),  V/i  in.  in  diameter  and  'A  in.  in  thickness.  The 
support  for  the  valve  stem  (41  is  made  of  brass  and  is  threaded 
to  fit  the  upper  end  of  3.  This  brass  shell  not  only  serves 
as  a  support  for  the  upfjer  end  of  the  valve  stem,  but  also 
makes  possible  the  adjustment  of  the  spring  which  holds 
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the  valve  stem  in  place.    Four  Virin.  holes  are  cut  in  tlie 
side  through  which  the  gas  escapes  into  the  outer  shell. 

The  electromagnet  (7),  which  is  attached  to  the  upper 
plug  as  indicated,  is  made  from  a  piece  of  soft  iron  and  is 
3V«  in.  in  length  and  !'/<  in.  in  diameter,  and  has  a  wall 
thickness  of  Vie  in.  A  brass  washer  screwed  into  the  bottom 
of  this  soft  iron  shell  is  drilled  and  tapped  with  a  V«-in. 
hole  into  which  is  fitted  a  soft  iron  spindle  (7).  This  spindle 
is  wound  with  No.  24  copper  wire,  one  end  of  the  wire  being 
attached  to  the  spindle  while  the  other  end  passes  out  through 
the  stem  (6).  Rod  (6)  is  drilled  with  a  '/sz-in.  hole,  through 
which  the  insulated  lead  from  the  electromagnet  passe.?. 
The  upper  end  of  this  wire  is  passed  through  a  soapstone 
cone,  squeezed  into  the  upper  end  of  rod  (6)  by  means  of  a 
compression  nut  and  washer  (11  and 
13).  Rod  (6)  is  fastened  securely  to  the 
electromagnet,  and,  by  means  of  a 
handle  attached  to  its  upper  portion, 
the  electromagnet  can  be  screwed  up 
or  down.  The  rod  is  made  gastight  by 
means  of  a  stufTmg  box  (12). 

Since  the  valve  is  expected  to  deliver 
gas  at  1495  lbs.,  and  since  the  ma.xi- 
mum  pressure  of  the  gas  storage  may 
reach  3000  lbs.,  it  is  evident  that  the 
valve  spring  must  be  adjusted  so  that 
there  is  practically  no  leakage  on  a 
1500-lb.  differential.  The  spring  is 
therefore  adjusted  before  the  valve  is 
assembled  by  applying  1500  lbs.  pres- 
sure and  screwing  the  adjustable  guide 
(4)  down  until  the  valve  stem  holds. 
The  valve  and  electromagnet  arc 
screwed  into  the  supporting  shell  as 
p*  JL'.,''-]^  indicated,  the  assembly  being  made 
I       1    1  ■•■   I  gastight  by  means  of  annealed-copper 

Kio.  6  ring  washers  (5).     For  this  particular 

valve  it  was  found  that  the  mag- 
net could  be  screwed  down  so  close  to  its  armature  that 
satisfactory  operation  was  obtained  with  0.5  amp.  at  15 
volts.  The  conventional  relay  connections  to  the  regulating 
gage  are  now  made  and  the  valve  is  ready  for  operation. 
In  Fig.  4  are  reproduced  recorder  charts  showing  the  oper- 
ation of  the  valve  for  four  successive  days. 

A  third  point  requiring  close  regulation  lies  between  the 
low-pressure  flowmeters  and  the  ammonia  decomposers  or 
scrubbers.  In  order  to  make'  the  flowmeter  readings  com- 
parable, it  is  necessary  to  maintain  a  constant  back  pressure, 
50  cm.  of  mercury  being  selected  as  best  meeting  the  needs 
at  this  particular  point.  This  low  pressure  makes  possible 
the  use  of  a  mercury  manometer  for  opening  and  closing  the 
relay  circuit  which  operates  the  control  valve. 

In  the  case  of  the  high-pressure  valve  described  above,  it 
was  desirable  that  the  valve  remain  closed  in  the  event  of  a 
failure  on  the  part  of  the  electrical  system.  For  regulating 
the  back  pressure  on  the  flowmeters,  however,  the  valve 
ought  to  remain  open,  so  that  if  the  control  fails  to  operate 
no  excessive  back  pressure  will  develop.  Instead  of  arrang- 
ing the  magnet  so  that  it  lifts  the  valve  stem,  as  in  the  case 
of  the  high-pressure  valve  just  described,  a  valve  was  con- 
structed in  which  the  valve  stem  was  pulled  down  onto  its 
seat  by  the  magnet.  Fig.  5  makes  the  constructional  details 
of  this  valve  sufficiently  obvious  so  that  no  further  descrip- 
tion seems  necessary. 

Although  these  valves  have  been  designed  to  meet  the 
special  requirements  of  an  ammonia-catalyst  testing  plant, 
it  is  believed  that  the  principle  involved  can  be  readily 
applied  in  the  solution  of  other  problems  where  close  regu- 
lation of  gas  or  liquid  flow  is  essential. 


The  Plastometer  as  an  Instrument  for 
Process  Control 

By  Eugene  C.  Bingham,  Herbert  D.  Bruce,  and  Martin 
O.  Wolbach,  Jr. 

L.'VFAYBrrE  COLLEGB,  Easton.  Pa. 

IN  THE  control  of  processes  involving  the  use  of  amorphous 
materials,  we  often  desire  something  more  than  a  chemical 
analysis.  For  example,  the  analysis  of  rubber,  nitrocellu- 
lose, or  clay  leaves  much  to  be  desired,  and  so  pliysical  meth- 
ods are  resorted  to.  But  these  methods  have  proved  difficult 
to  handle,  owing  to  the  lack  of  definitive  character  with  tliis 
class  of  substances.  Amorplious  materials  lack  a  true  melt- 
ing temperature,  but,  nevertlieless,  in  our  need  of  something 
definite  we  try  to  measure  the  softening  temperature  of  a 
bitumen.  Colloids  do  not  form  true  saturated  solutions, 
and  therefore  the  attempt  to  measure  the  solubility  of, 
say,  nitrocellulose  in  acetone  does  not  appear  promising. 
It  was  thought  that  the  viscosity  might  be  definite,  but  that 
too  appears  to  be  indefinite  and  to  depend  entirely  on  the 
conditions  of  the  experiment.  At  first  this  difficulty  only 
seemed  to  occur  at  the  higher  concentrations  of  the  disperse 
phase,  where  the  material  was  said  to  be  plastic.  Now  we 
find  that  all  colloidal  solutions  appear  to  share  this  difficulty. 
A  paint  supposed  to  be  viscous  showed  a  change  of  10  per 
cent  in  the  viscosity  when  the  shearing  stress  was  scarcely 
trebled. 
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The  variable-pressure  viscometer  and  plastometer  prom- 
ise to  do  much  in  removing  these  difficulties.  With  a  given 
material  a  definite  shearing  stress,  known  as  the  yield  valve 
or  friction,  is  required  to  start  the  flow.  The  amount  of 
shearing  stress  required  in  excess  of  this  to  produce  a  given 
flow  is  a  measure  of  the  mobility.  Since  all  matter  will 
flow  under  appropriate  conditions,  these  properties  (together 
with  fluidity)  are  of  wide  applicability.  Moreover,  in  many 
cases  the  flow  properties  are  of  direct  interest  and  importance 
— as  in  paint,  glue,  clay,  rubber,  plastics,  etc. 
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Given  a  certain  paint  jxaste  whose  yield  value  and  mo- 
bility have  been  measured,  if  we  add  varying  quantities 
of  vehicle  and  measure  the  yield  value  and  mobility,  we  will 
obtain  curves  like  those  shown  in  V['^.  1.  Tlie  mobility  in- 
creases in  a  linear  manner  and  reaches  the  mobility  (the 
fluidity)  of  the  vehicle  at  zero  concentration  of  pipnent. 
The  mobility  would  have  a  zero  value  at  a  definite  concentra- 
tion, which  is  probably  connected  with  the  relation  of  the 
\'olume  of  the  pore  space  in  the  pigment  to  the  concentration 
of  the  vehicle.  We  have,  then,  a  third  property  which  seems 
capable  of  exact  definition. 

The  yield  value  on  dilution  decreases  in  a  linear  manner 
fiist,  and  therefore  might  be  expected  to  reach  a  zero  value  at 
some  finite  concentration  which  we  define  as  the  theoretical 
concentration  of  zero  yield  value.  This  is  a  fourth  property, 
winch  may  be  of  considerable  importance  since  it  depends 
upon  the  size  of  the  particle  and  the  adhesion  between  the 
particles  and  the  vehicle,  but  apparently  not  upon  the  fluidity 
of  the  vehicle. 

When  the  concentration  exceeds  the  theoretical  concentra- 
tion of  zero  yield  value,  the  material  is  plastic.  However, 
even  when  the  concentration  is  very  much  lower  than  this 
so  that  the  particles  of  the  disperse  phase  do  not  come  within 
range  of  each  other,  the  flow  is  effected  and  there  seems  to  be 
always  a  yield  value,  although  it  is  no  longer  a  linear  func- 
tion of  the  concentration,  as  shown  in  the  figure.  We  may 
say  that  these  colloidal  solutions  are  pseudoplaslic. 

We  conclude,  therefore,  that  colloidal  solutions  all  exhibit 
a  yield  value,  whereas  true  solutions  never  do.  True  solu- 
tions give  us  one  property  of  fluidity,  which  suffers  an  abrupt 
change  at  the  melting  and  boiling  points.  Colloidal  solutions 
give  us  several  properties,  and  the.se  properties  differ  in  a 
marked  manner  for  the  different  types  of  colloids.  A  sim- 
ple paint  is  a  colloid  of  the  nonpolar  type.  The  effect  of 
temperature  upon  it  is  to  increase  the  mobility  in  just  the 
ratio  that  the  fluidity  of  the  vehicle  is  increased,  without 
affecting  the  yield  value. 

Quite  different  is  the  behavior  of  a  colloid  of  the  polar 
type,  represented  by  glue  and  nitrocellulose  in  acetone.  The 
yield  value  decreases  in  a  linear  manner  if  the  temperature 
is  raised  and  passes  through  a  zero  value,  so  that  we  have  at 
this  temperature  the  transition  from  a  plastic  material  to  a 
\Tscous  liquid,  quite  analogous  to  a  melting  point.  We  have 
here  a  fifth  property  which  appears  to  be  clearly  defined. 
With  the  plastometer  it  seems  possible  to  distinguish  be- 
tween the  different  types  of  colloids,  as  well  as  to  distinguish 
a  colloidal  solution  from  a  true  solution. 

The  measurements  of  fluidity  of  coUoidal  solutions  recorded 
in  the  literature  must  all  be  regarded  as  apparent  fluidities 
only,  and  are  therefore  subject  to  a  plastic  correction.  This 
error  should  be  kept  in  mind  wherever  measurements  of  vis- 
cosity are  used  in  the  control  of  colloidal  materials. 


Flueckiger  Medal  Award 

On  September  15,  1922,  Dr.  Frederick  B.  Power,  in  charge  of 
the  Phytochemical  Laboratory  of  the  Bureau  of  Chemistry,  was 
awarded  the  Flueckiger  Gold  Medal  by  the  Swiss  Pharmaceuti- 
cal Society,  for  his  invaluable  researches  on  medicinal  plants 
and  essential  oils.  This  medal  was  established  in  1S92,  in  honor 
of  Professor  Flueckiger  when  he  retired  to  private  life  in  Switzer- 
land, after  many  years  of  distinguished  service  as  a  teacher, 
writer,  and  investigator  at  the  University  of  Strasburg.  With- 
out regard  to  nationality,  it  is  awarded,  every  five  years,  alter- 
nately by  the  Swiss  and  the  German  Pharmaceutical  Societies, 
for  "distinguished  services  in  the  promotion  of  scientific  phar- 
macy." It  has  hitherto  been  given  to  representatives  of  Eng- 
land, Germany,  France,  Switzerland,  and  Austria,  this  being  the 
first  time  the  honor  has  been  bestowed  upon  an  .■\merican.  The 
medal  is  especially  prized  by  Dr.  Power  because  it  bears  the 
name  of  a  most  highly  esteemed  teacher  and  friend. 


(rlass  Pressure  Gajs:e' 

By  S.  Karrer,  E.  H.  Johnston,  and  O.  R.  Wulf 

FucBD  Nn-ROGUN  RiiSKAHcii  Lauokatoky.  Dki-ahtmbnt  or  AoillCUI.TUK«, 
Wasuinotoh,  D.  C 

IT  IS  often  necessary  to  measure  the  pressure  of  a  gaa  or 
vapor  that  will  react  chemically  with  the  materials  out 
of  which  ordinary  pressure  gages  are  constructed.  An 
all-gla.s8  gage  has  been  developed  for  tliis  purpose,  and  sev- 
eral of  them  have  been  in  continual  use  for  almost  two  years. 
.\lthough  a  number  of  glass  gages  are  described  in  the  liter- 
ature, the  present  form  has  proved  so  satisfactory  that  it 
seems  worth  mentioning. 


y 


A 


One  form  of  this  gage  is  shown  in  the  accompanj-ing  figure. 
It  consists  essentially  of  a  thin  glass  diaphragm,  B,  blown 
on  the  end  of  the  small  tube  F,  which  is  sealed  into  the  larger 
tube  H.  The  diaphragm  separates  the  region  D,  in  which 
the  pressure  of  the  corrosive  gas  is  to  be  determined,  from  the 
region  C,  containing  air  whose  pressure  is  measured  by  a  suit- 
able mercury  manometer.  A  change  in  the  gas  pressure  in 
either  of  these  regions  will  cause  the  diaphragm  to  deflect. 
The  platinum  wire  anchored  to  the  gla-ss  frame  G  and  resting 
on  the  diaphragm  at  B  follows  its  motion,  and  will  touch  a 
second  platinum  wire,  also  fastened  to  this  frame,  when  the 
diaphragm  moves  upward  far  enough.  This  contact  at  A 
between  the  platinum  wires  opens  or  closes  an  electrical 
circuit,  including  a  galvanometer  and  small  electromotive 
force.  Thus,  by  changing  the  air  pressure  on  the  diaphragm, 
it  may  be  brought  to  a  definite  fwsition,  as  indicated  by  the 
opening  or  closing  of  this  electrical  circuit.    The  contact  A 

'  Published  by  permission  of  the  Department  of  Agricultnre. 
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can  be  adjusted  through  the  tube  shown  at  K  in  the  right- 
hand  figure,  so  that  when  the  pressure  in  D  is  zero  a  small 
pressure  in  C  will  be  required  to  bring  the  diaphragm  into  the 
position  where  the  circuit  is  just  opened  or  closed.  This 
pressure  must  always  be  subtracted  from  that  necessarj'  to 
bring  the  diaphragm  back  to  its  zero  position,  when  any 
actual  prei:.«ure  in  D  is  required. 

Tests  invohing  the  use  of  a  mercury  manometer  to  connect 
the  regions  D  and  C  have  shown  that  the  contact  can  be  ad- 
justed to  act  consistently,  and  also  that  the  platinum  wires 
remain  fixed  in  position  so  that  the  zero  point  remains  con- 
stant to  within  a  few  tenths  of  a  millimeter  of  mercury  for  long 
periods  of  time,  and  under  -some  circumstances  the  irregularity 
of  the  contact  is  less  than  can  be  detected  on  a  mercury 
manometer.  The  fact  that  the  contact  makes  or  break."?  when 
the  wire  is  moved  through  an  exceedingly  small  distance, 
makes  it  possible  to  use  diaphragms  so  stiff  that  they  will 
withstand  several  atmospheres  pressure  difference  without 
breaking. 

Daniels  and  Bright'  have  described  a  similar  gage,  but 
this  was  found  unsatisfactory  because  the  electrical  contacts 
between  the  platinized  surfaces  which  they  used  deteriorated 
very  quickly  and  could  not  be  renewed.  In  the  present 
form  the  platinum  wire  entirely  overcomes  this  difficulty 
and  consequently  extends  the  life  of  the  gage. 

In  some  experiments  it  was  found  possible  and  convenient 
to  use  the  direct  deflection  of  the  diaphragm,  as  indicated 
by  an  optical  lever  or  other  de\'ice  as  a  measure  of  the  pressure. 


Some  Phases  of  Automatic  Process 
Control 

By  Herbert  A.  Clark 
Taylor  Instrument  Companies.  Rochsstbr.  N.  Y. 

Dl'RING  the  initial  stages  of  the  development  of  any 
process,  its  control  is  commonly  a  matter  of  close 
oijservation  on  the  part  of  the  operator,  and  of  care- 
ful hand  adjustment  to  meet  conditions  as  they  arise. 
In  many  cases  frequent  changes,  sometimes  radical  ones, 
are  made,  as  the  operator  learns  what  conditions  are  needed 
to  produce  the  desired  results  in  the  most  satisfactory  way. 
As  the  steps  become  known,  there  is  a  tendencj'  to  stand- 
ardize the  process  and  to  make  the  control  automatic  as  far 
as  it  is  practicable. 

If  the  desired  control  is  merely  to  keep  temperature  con- 
stant, some  type  of  thermostat  is  employed.  Many  indus- 
trial processes  of  to-day  require  that  the  temperature  be 
varied  in  a  predetermined  way  over  a  specified  length  of 
time.  To  meet  this  demand,  an  instrument  has  been  de- 
vised which  will  automatically  vary  the  temperature  of  a 
container  at  any  desired  rate,  either  constant  or  variable;' 
hold  the  temperature  at  any  point  (between  certain  limits) 
for  any  desired  time;  remove  the  condensation  in  case  of 
steam-heated  apparatus;  cool  the  container  at  any  desired 
rate  at  the  end  of  the  process;  stop  the  process  at  any  de- 
sired point,  and  signal  this  fact  to  the  operator.  This  paper 
will  first  briefly  sketch  the  fundamental  principles  on  which 
this  device  is  based,  then  mention  a  few  possible  applications. 
The  sensitive  member  of  tiiis  device  (called  a  "Thermo- 
Tyme"  Regulator)  is  a  so-called  vapor-lension  system  (Fig. 
I),  consisting  of  a  metallic  bulb  partly  filled  with  a  liquid, 
located  in  the  container  imder  control,  and  a  metallic  capil- 
lary leading  from  the  ijulb  to  an  expansion  or  capsular 
chamber  in  the  regulator  case.     As  the  temperature  of  the 
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bulb  varies,  the  consequent  varying  vapor  pressure  of  the 
liquid  inside  is  transmitted  through  the  capillary  to  the 
capsular  chamber,  thus  moving  one  face  of  the  chamber, 
which  in  turn  operates  the  control. 


CAPILLARY    CONNECTOR 


f>~>~^f-^^~1 


Fic.  I — Diagram  of  Vapor  Tension  Tubs  System  for  RBGUbATOR 

Fig.  II  shows  diagrammatically  the  mechanism  of  the 
control.  Suppose  the  temperature  of  a  space  is  to  be  held 
above  its  surroundings — for  instance,  a  steam-heated  water 
bath  atl75°F.  Asthe  temperature  rises  during  initial  heating, 
the  capsular  chamber  expands  until  at  175°  it  has  raised  the 
air-valve  plunger  and  opened  the  valve,  thus  letting  com- 
pressed air  pass  through  into  a  diaphragm  which  partly 
closes  a  valve  in  the  steam  line  called  a  diaphragm  valve, 
thus  throttling  the  steam  flow  and  keeping  the  temperature 
constant. 

Suppose,  on  the  other  hand,  that  a  space  is  to  be  main- 
tained at  a  low  temperature — a  refrigerator  to  be  controlled 
at  38°  F.  by  means  of  cold  water  circulation.  The  same 
arrangement  is  used  but  with  another  tj'pe  of  air  valve,  one 
which  differs  essentially  from  the  one  mentioned  above  only 
in  that  the  air  passage  is  closed  by  expansion  of  the  capsular 
chamber  instead  of  being  opened.  As  the  circulating  water 
lowers  the  temperature  of  the  refrigerator,  the  capsular 
chamber  becomes  deflated.  This  opens  the  air  valve  (called 
a  reverse  action  valve  as  distinguished  from  the  direct  action, 
mentioned  above)  and  the  compressed  air  then  partly  closes 


CAPILLARY    TUBING  ' 


Jl  \normal 

CAPSULAR    CHAMBER 


Fig.  II — Diagram  op  Capsular  Chamoi^r  and  Air  Vai,vg 

a  diaphragm  valve  in  the  cold  water  line,  just  enough  to 
control  the  temperature.  Wlien  using  either  of  the  air 
valves  as  indicated  above,  the  control  temperature  is  adjusted 
by  hand  by  turning  the  eccentric  (Fig.  II).  This  obviously 
varies  the  distance  from  the  plunger  on  the  air  valve  to  the 
face  of  the  capsular  chamber,  thus  varying  the  temperature 
at  wliich  the  air  valve  will  open. 

So  far,  we  have  a  mere  temperature  control.  The  added 
time  control  is  accomplished  by  means  of  a  cam  rotated  by  a 
clock  mechanism,  which  has  the  effect  of  turning  this  eccen- 
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trie  as  desired,  although  actually  it  moves  the  air- valve 
block  up  or  down  instead,  thus  varying  the  control  tempera- 
ture.   Fig.  Ill  shows  this  time  control  in  simplified  form. 


Fig.  Ill — -Simplified  Diagram  op  Thermo-Tyme  Regulator 


For  instance,  with  a  properly  shaped  cam,  a  certain  process 
temperature  was  raised  rapidly  from  70°  to  100°  F.,  then  at  a 
rate  a  little  less  than  2°  per  min.  to  170°  F.  in  45  min.,then 
held  constant  at  this  point  for  85  min.,  and  finally  dropped 
rapidly  to  70°  F.  again.  The  rise  can  be  made  in  successive 
stages  if  desired,  as  shown  by  the  cam  in  Fig.  Ill  and  by  the 
temperature  record  in  Fig.  IV,  although  this  particular  cam 
does  not  correspond  to  this  particular  chart.    Fig.  IV  is  a 


.-^^N 


copy  of  the  record  of  a  process  control  in  which  there  was  a 
rapid  initial  rise  in  temperature  to  221  °P\,  10-min.  hold  at 
this  point,  rise  to  247°  F.  in  5  min.,  hold  at  this  point  for 
5  min.,  rise  to  280°  F.  in  10  min.,  hold  at  this  point  for  1  hr. 
and  50  min.,  then  a  rapid  drop  to  160  "F.  in  not  more  than 
3  min.  The  temperature  drop  can  be  controlled  in  the  same 
way. 

As  developed  at  present,  the  Therrao-Tyme  Regulator 
will  operate  between  the  limits  +10°  and  +470°  F.,  over  a 
temperature  range  of  from  60°  to  150°  F.  for  any  one  tube 
system,  varying  with  the  tube  system  used. 

Fig.  V  shows  the  regulator  complete  with  cover  open.  It 
will  be  noted  that  it  has  two  cams  instead  of  one,  each  with 
its  own  levers,  vah'c,  and  tube  system,  one  lever  and  cam 
being  directly  behind  the  other,  and  consequently  partly 
hidden.  One  cam  may  control  the  temperature  of  the 
container,  as  indicated  in  Fig.  V;  and  the  other,  the  dis- 
charge of  condensed  steam  (if  the  container  is  steam  heated). 
In  addition,  there  is  a  third  air  valve  operated  by  a  trip  (not 
shown)  on  the  cam  shaft,  to  completely  shut  off  the  heat 
supply  and  cool  the  container  rapidly  (by  cold  water  spray 
if  desired)  at  any  predetermined  time. 

We  have  indicated  in  a  general  way  some  of  the  possibilities 
of  this  device.  Having  two  cams,  each  with  its  own  air 
valve  and  tube  system,  independent  of  each  other  except 


Fig.  IV — Record  of  Process  Control 


Fig.  V — Regulator  Complete,  Cover  Open 

for  a  common  cam  axis  and  speed  of  rotation,  and  a  third 
valve  actuated  by  a  trip  when  desired,  gives  great  flexibility 
of  adaptation  as  well  as  of  control.  Various  attachments 
which  make  for  convenience  and  accuracj'  of  adjustment 
need  not  be  discussed  here. 

Applications 

The  rubber  industry  is  one  in  which  the  process  is  fairly 
well  standardized.  As  is  well  known,  however,  the  exact 
details  of  the  process  vary  somewhat  with  the  raw  rubber 
used,  with  the  article  being  made,  and  with  the  judgment 
of  thie  chemist  who  has  specified  the  process.  The  Thermo- 
Tyme  Regulator  is  adapted  to  this  control  as  far  as  the  pro- 
cess is  standardized,  and  is  now  in  use  in  \'ulcanizing  rubber 
boots  and  shoes,  also  automobile  tires,  especially  the  larger 
sizes,  to  give  a  uniform  cure  throughout  the  mass.  One 
cam  controls  the  temperature-time  relations  of  the  ^•uI- 
canizer,  the  other  adjusts  the  temperature  at  which  the  con- 
densation is  discharged.  This  device  is  also  used  in  con- 
trolling milk  sterilizers  in  the  manufacture  of  evaporated 
milk. 
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•Vnofher  important  application  is  in  the  dye  industry  to 
control  dye  kettles,  thus  avoiding  the  efifects  of  fluctuation 
in  steani-hne  pressure,  reducing  the  amount  of  steam  used 
and  the  amount  of  vapor  in  the  room,  and  eliminating  streaks 
and  variations  of  sliade  in  the  completed  product. 

In  the  drying  of  magnesia  for  pipe  covering,  the  initial 
heating  must  be  done  slowly  to  avoid  an  excessive  drain  on 
the  heating  boilers,  and  the  final  cooling  must  also  be  slow 
to  avoid  disruption  of  the  dried  mass. 

To  obtain  good  results  in  drj'ing  macaroni,  the  temper- 
ature should  change  very  slowly  (from  Vi"  to  'A"  F.  at  a 
time,  in  the  temperature  interval  between  90°  and  105°  F., 
over  a  period  of  from  36  to  48  hrs.). 


In  the  drying  of  materials  such  as  terra  cotta,  the  Thermo- 
Tyme  Regulator  is  being  used  to  advantage.  In  such  in- 
stallations, one  bulb  is  used  to  control  the  temperature  and 
the  other  to  control  the  humidity. 

There  are  many  other  industrial  processes  in  which  the 
temperature-time  relation  is  significant,  and  consequently 
a  priori  considerations  indicate  in  them  the  usefulness  of 
this  device.  Some  of  these  may  be  mentioned — such  as 
nitration  and  amidizing  processes,  vacuum  drying  and  crys- 
tallizing out  of  certain  chemicals,  drving  glues,  cheese  and 
chip  soap,  the  manufacture  of  hyposulfites  such  as  Rongalite 
C.  and  Hydro  N.  F.,  autoclaving,  and  the  manufacture  of 
dyes  and  intermediates. 


Electrical  Precipitation  in  the  Chemical  Industry 


By  P.  E.  Landolt 
Rrssarcu  Corporation,  25  W.  43rd  St.,  New  York.  N.  Y. 


MUCH  ha.s  been  written  on  the  application  of  the 
Cottrell  electrical  precipitation  processes  to  various 
smoke,  dust,  and  fume  problemis,  as  well  as  to  specific 
chemical  operations.  A  review  of  the  subject  with  particu- 
lar reference  to  the  chemical  industry  seems  timely.*  The 
unique  feature  of  this  method  is  the  use  of  a  high  potential 
electric  discharge  for  the  separation  of  suspended  matter, 
whether  solid  or  li(iuid,  from  gases.  0\^ing  to  the  ready  adap- 
tation of  precipitation  equipment  by  proper  design,  the  Cot- 
trell processes  have  a  wide  range  of  application.  They  have 
been  applied  to  high  temperature  conditions,  to  conditions 
of  excessive  corrosion,  and  to  the  economical  treatment  of 
large  volumes  of  gases. 

Many  applications  of  these  processes  (in  fact,  the  original 
investigations  of  Sir  Oliver  Lodge  and  Dr.  F.  G.  Cottrell) 
have  been  made  to  abate  a  nuisance,  but  frequently  the  net 
return  on  those  installation.°  has  been  very  large.  Valuable 
materials  have  been  saved  from  waste  gases  by  tliis  means, 
the  processes  thus  serving  not  only  the  community  directly 
but  industry  itself.  The  developments  along  these  lines 
indicated  further  possibilities,  later  making  these  processes 
an  integral  part  of  many  industrial  operations. 

SuLfmuc  Acid  Manufacture 

The  applications  of  the  Cottrell  processes  to  sulfuric  acid 
manufacture  have  often  been  discu.ssed  in  the  literature. 
The  widest  apphcation  of  these  processes  has  been  made  to 
the  recoverj'  of  sulfuric  acid  mist  from  (1)  exit  ga.ses  of  con- 
centrating apparatus,  and  (2)  exit  gases  of  apparatus  such  as 
parting  kettles,  etc.  In  these  installations,  over  99  per  cent 
of  the  suspended  sulfuric  acid  is  continuously  removed  from 
the  exit  gases  passed  through  them.  These  installations 
have  been  made  primarily  to  abate  a  fume  nuisance,  but  by 
their  operation  a  great  saving  in  acid  has  been  efTected.  The 
net  return  on  their  investment  in  terms  of  acid  removed,  de- 
ducting fixed  charges  as  well  as  repairs  and  all  operating 
charges,  has  been  over  20  per  cent. 

Owing  to  the  corrosive  nature  of  these  fumes,  a  specially 
designed  precipitator  is  required.  It  consists  of  an  all-steel 
structure  on  which  two  lead  chambers  arc  hung,  one  above 
the  other,  connected  by  vertical  lead  pipes.  The  discharge 
electrodes  are  lead-covered  iron  wires.    A  precipitator  of  this 
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design  has  a  capacity  for  treating  250,000  to  300,000  cu.  ft. 
of  gases  per  hour  with  thirty  8-in.  pipes  12  ft.  long.  This 
type  of  precipitator  has  been  operated  at  temperatures  rang- 
ing from  atmospheric  up  to  350°  F.,  measured  at  the  inlet  of 
the  precipitator.  Concentration  of  the  acid  recovered  has 
varied  from  5°  B6.  to  60°  B^.  The  amount  of  acid  re- 
covered has  been  from  10  lbs.  to  300  lbs.  of  condensate  per  hour 
per  100,000  cu.  ft.  of  gas  treated  per  hour.  Electric  power 
consumption  has  averaged  I.O  to  1.5  kw.  hr.  per  100,000  cu. 
ft.  of  gas  per  hour.  The  operating  voltage  has  averaged 
approximately  60,000  volts.  The  operating  cost,  including 
all  fixed  charges,  of  these  precipitation  installations  varies 
from  20  to  25  cents  per  rated  ton  concentrated,  calculated 
to  66°  B6. 

These  processes  have  been  apphed  to  various  forms  of 
cascade  and  tower  type  concentrators  for  fresh  acid.  Within 
the  past  year  they  have  been  applied  successfully  to  sludge 
acid  concentrators  of  the  "hot  air  submergence"  type,  de- 
scribed by  Gilchrist.' 

In  chamber  acid  manufacture  these  processes  have  been 
appUed  to  the  removal  of  dust  from  hot  pyrites  burner  gases. 
These  installations  are  designed  to  treat  such  gases  at  1000°  F. 
The  precipitator  is  built  of  steel  and  cast  iron  with  a  fire- 
brick and  sil-o-cel  lining  to  minimize  heat  loss.  Ninety-nine 
per  cent  of  the  susisendcd  dust  is  removed  continuously. 
Operating  cost,  including  all  fixed  charges,  of  these  installa- 
tions has  been  found  to  be  approximately  20  cents  per  ton  of 
chamber  acid  produced.  Within  the  past  year  the  develop- 
ment of  new  designs  of  equipment  indicates  a  substantial 
reduction  in  these  costs.  The  wide  use  of  elemental  sulfur 
for  sulfuric  acid  manufacture  has  greatly  reduced  the  need  of 
this  type  of  installation.  Its  application  is  now  limited  to 
specific  locations  where  pyrites  can  compete  with  sulfur.  The 
apphcation  of  this  apparatus  to  zinc  ore  roasting  was  begun 
about  eight  years  ago,  but  has  not  been  completed.  In  Ger- 
many, however,  an  installation  of  this  character  has  been  per- 
fected and  is  in  operation.  It  is  expected  that  this  ap- 
plication in  the  United  States  will  be  completed  just  as  soon 
as  conditions  warrant.  The  plant  where  this  development 
was  started  is  not  rosisting  zinc  concentrates  at  this  time. 

Welsh,  Schmidt,  and  Bradley  have  shown  the  possibilities 
of  these  processes  if  directly  applied  to  chamber  acid  plant 

'  Trans.  Am.  Inst.  Ckem.  Eng.,  June  1912. 
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operation.  They  would  uso  the  action  ohtaincd  in  the  elec- 
trical precipitator  to  promote  the  reaction  between  sulfur 
dioxide,  oxj'gcn,  and  water  to  form  sulfuric  acid  and  to  remove 
the  acid  formed  from  the  field  of  reaction.  The  value  of  this 
application  would  be  in  the  reduction  of  chamber  •■ipaco,  re- 
action control,  and  over-all  size  and  cost  of  plant. 


j 
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CoTTRBi-i.  Precipitator  for  Sulfuric  Acid  Rkcoverv 

In  contact  acid  manufacture  the  use  of  the  Cottrell  proc- 
esses for  dust  removal  is  the  same  as  that  described  for  cham- 
ber acid  manufacture.  For  the  purification  of  the  sulfur  di- 
oxide gases  after  cooling,  another  important  application 
has  been  found  and  demonstrated.  Actual  tests  of  such 
installations  have  shown  that  over  99.5  per  cent  of  the  sus- 
pended suKuric  acid  mist  with  other  impurities,  such  as  ar- 
senic, have  been  removed  continuously,  reducing  the  renewal 
of  filters,  asbestos  or  mineral  wool,  from  20  or  30  to  1.  Sav- 
ing has  been  effected  in  the  materials  used,  acid  saved,  and 
notably  in  the  reduction  of  power  required  to  overcome  the 
resistance  of  the  filters,  particularly  when  they  become 
clogged.  Increased  activity  of  the  platinum  mass  as  a  result 
of  more  perfect  purification  has  also  been  shown. 

Exit  gases  from  the  absorbers  have  also  been  treated,  and 
under  conditions  where  such  gases  are  conditioned,  so  that 
all  of  the  sulfur  trioxide  is  in  the  form  of  sulfuric  acid  mist, 
complete  recovery  can  be  made. 

Htdrochloric  Acid 

Hydrochloric  acid  has  been  precipitated  from  gases  from 
pickling  operations,  and  from  chloridizing  roast  operatioas. 
Acid  up  to  12  to  14  per  cent  concentrations  has  been  recovered. 
Nitric  acid  up  to  40  per  cent  concentration  has  been  recovered 
in  large  quantities  from  nitrating  operations.  In  the  case  of 
hydrochloric  acid,  the  diflBculty  of  the  problem  lay  in  the 
selection  of  suitable  materials  for  the  precipitation  of  the 
acid — i.  e.,   the  discharge   and   collecting  electrodes.    The 
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discharge  clectrorlcs  are  made  of  an  alloy  resistant  to  dilute 
hydrochloric  acid  and  the  collecting  electrodes  of  chemical 
.stoneware,  tile  or  acid-proof  masonry.  For  nitric  acid  the 
collecting  electrodes  are  either  chemical  stoneware  or  tile 
pipes,  and  the  discharge  electrodes  are  either  aluminium  rods 
or  nichrome  wire. 

Phosphorus  Pentoxidb 

Much  attention  has  been  given  to  the  volatilization  of 
{)liosphoru8  pentoxide  from  the  reduction  of  phosphate  rock  in 
electric  or  other  furnaces.  The  volatilized  phosphorus 
pentoxide  is  removed  as  phosphoric  acid  in  Cottrell  precipi- 
tators. This  "fumace-condensation-precipitation"  method 
produces  a  concentrated  phosphoric  acid,  which  may  be  used 
after  purification  for  various  chemical  purposes,  and  with 
which  additional  phosphate  rock  may  be  acidulated  to  form 
a  concentrated  acid  or  superphosphate.  The  use  of  sul- 
furic acid  is  thereby  avoided.  This  phosphoric  acid  may  also 
be  used  to  fix  ammonia,  or  in  combination  with  potash  salts 
to  form  a  concentrated  fertilizer.  Commercial  plants  are 
in  operation.  For  reference,  the  publications  of  Carothers, 
Waggaman,  and  others  may  be  consulted. 

For  the  purpose  of  this  paper,  no  detailed  discussion  of  the 
applications  to  metallurgical  operation  will  be  given.  Ref- 
erence may  be  made  to  the  appended  bibliography  for  the 
literature  covering  these  applications.  An  important  recent 
development  in  the  metallurgical  field  is  the  volatilization- 
concentration  of  metallic  constituents  from  complex  ores 
using  the  Cottrell  processes.  This  work  has  been  carried  on 
by  the  Western  Precipitation  Company  and  Western  Metal- 
lurgical Co.,  together  with  the  Bureau  of  Mines  Experiment 
Station  at  Salt  Lake  City,  Utah.  Arsenic  has  been  recovered 
as  a  crude  arsenic  trioxide  by  the  Cottrell  processes.  The 
roasting  of  Cottrell  flue  dust  effects  a  concentration  of  the 
arsenic.  By  temperature  control  and  reprecipitation,  a 
crude  arsenic  trioxide  of  over  90  per  cent  content  is  obtained. 
This  crude  arsenic  is  refined  in  a  "kitchen"  and  a  precipita- 
tor is  again  used  on  the  e.xit  of  the  "kitchen." 

Other  Applications  of  Cottrell  Processes 

The  industrial  gas  field  is  a  chemical  industry,  and  brief 
reference  is  given  here  to  certain  applications  in  this  field 
wliich  have  a  bearing  on  chemical  operations.  The  detar- 
ring  of  by-product  gas  and  illuminating  gas  by  the  Cottrell 
processes  permits  the  recovery  of  a  dry  tar  by  temperature 
control,  together  with  the  direct  recovery  of  ammonia,  and 
the  production  of  a  high-grade  ammonium  sulfate. 

The  dr\',  hot  cleaning  of  iron  blast  furnace  gases  has  been 
demonstrated  commercially  and  installations  for  this  purpose 
are  in  successful  operation.  Where  iron  ores  and  fluxes  carry 
appreciable  potash,  the  dust  and  fume  recovered  by  the  pre- 
cipitator contain  a  high  percentage  of  water-soluble  potas- 
sium oxide.  Dust  recovered  has  analj'zed  from  6  to  8  per 
cent  to  over  20  per  cent  water-soluble  potassium  o.xide. 
This  is  a  potential  source  of  by-product  potash.  Other 
sources  of  potash  recoverj'  have  been  shown,  such  as  portland 
cement  kUn  dust  and  fume  recovery,  and  fume  recovery  from 
molasses  slop  incineration.  Cement  plants  equipped  with 
Cottrell  precipitators  have  been  operated  during  the  recent 
war  for  the  potash  recovered  with  cement  as  a  by-product. 
In  fact,  raw  materials  containing  appreciable  potash  were 
added  to  the  charge  to  increase  the  potash  fume  recovery. 

Wood  distillation  offers  an  attractive  field  for  electric  pre- 
cipitation. Hawley  and  Pier'  showed  experimentally  the 
possibilities  of  electrically  detarring  gases  from  hardwood 
distillation.    Calculated  steam  saving  on  subsequent  distilla- 

»  Chem.  Met.  Em.,  ii  C1922).  1031. 
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tion  of  the  acetic  acid  and  methanol  in  a  lOO-cord  plant 
has  been  shown  to  be  at  least  S25  to  S50  per  day,  based  on  a 
steam  cost  of  75  cents  per  ton. 


In  the  preparation  of  soda  and  sulfate  pulp,  the  Cottrell 
processes  have  been  used  for  the  recovery  of  soda  salts  from 
the  incineration  of  the  waste  liquors.  A  plant  installed  for 
this  purpose  has  proved  a  good  return  on  its  investment. 

In  order  to  produce  finely  divided  solid  products  for  various 
purposes,  spray  evaporation  processes  have  been  developed 
in  which  fuel,  labor,  and  power  savings  have  been  obtuined 
together  with  certain  physical  properties  of  the  finished 
products.  The  Cottrell  processes  are  being  applied  to  col- 
lect such  finely  divided  particles.  Here  the  case  of  adapting 
tlie  apparatus  to  a  great  variety  of  conditions,  together  with 
tlie  saving  in  jiowcr,  uniform  pressure  on  the  dryer,  as  well 
as  other  considerations,  make  these  processes  highly  desirable. 

In  a  paper  limited  to  a  review  of  the  subject,  it  is  impossi- 
ble to  outline  all  of  the  possible  applications  or  to  give  fuU 
details  of  operation,  equipment,  and  cost  on  any  one  appli- 
cation. It  is  desired,  however,  to  put  before  those  interested 
in  chemical  plant  operations  the  fact  that  the  Cottrell  proc- 
e,<8es  are  a  means  of  great  help  to  the  chemical  plant  in  the 
treatment  of  gases,  for  purification,  fractional  condensation, 
cnnrentr:itinn  or  otlicr  purposes. 
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Course  in  Chemistry  for  Salesmen 

The  Salemen's  Association  of  the  American  Chemical  Industry 
warmly  received  the  suggestion  of  Dr.  F.  E.  Breithut,  of  the 
College  of  the  City  of  New  York,  that  a  special  course  of  lec- 
tures on  chemistry  be  inaugurated  at  the  college  for  the  benefit 
of  the  chemical  salesmen.  The  official  announcement  was  made 
at  a  meeting  of  the  New  York  chapter  of  the  Association  held 
at  the  college  on  October  13.  Following  the  announcement, 
33  members  of  the  Association  expressed  a  desire  to  enroll  for 
the  course,  which  is  to  consist  of  ten  lectures  and  to  be  limited 
to  ,')0  members  of  the  Association.  The  course  is  to  begin  in  Jan- 
uary and  to  be  given  one  evening  a  week. 

The  officers  of  the  New  York  Chapter  are: 

Chairman:    John  A.  CiiMW.  Warucr  Chemical  Company 

secretary:    D.  H.  Killepper.    Journal   of  Industrial   and    Ent%neennt 

Chemistry. 
Treasurer:  GSORCS  Ashworth,  Dow  Chemical  Company. 


A  new  society  called  the  "Kolloidchemische  Gesellschaft,"  and 
devoted  to  pure  and  applied  colloid  chemistry,  has  recently  been 
formed  at  Leipzig.  At  the  organization  meeting  on  September 
15.  eighteen  chemists  and  physicists  spoke  on  the  relations  of 
colloid  chemistry  to  other  sciences  and  to  industry. 
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The  Ajax-Wyatt  Furnace  in  the  Brass  Mill  Casting  Shop" 

By  Russell  P.  Heuer^ 
John  Harrison  Laboratory  op  Ciibmistrv,  Univbrsitv  op  P«nnsyi.vania.  Piiii.Atii{LPHiA,  Pa. 


IN  A  PAPER  before 
the  American  Electro- 
chemical Society  on 
April23,  1921,Dr.Gillettof 
the  U.  S.  Bureau  of  Mines 
has  enumerated  as  of  .lan- 
uary  1,  1921,  323  electric 
furnaces  melting  brass  and 

bronze  in  commercial  use  in  this  country,  and  an  additional 
70  units  planned  for  prompt  installation.  Of  those  in  use 
126  are  arc  furnaces,  98  vertical  ring  induction  furnaces,  86 
reflected  heat  furnaces,  and  13  of  miscellaneous  other  types. 
There  are  10  different  makes  represented.  In  the  brass 
rolling  mills  alone  there  are  5  different  makes  in  use,  with  a 
total  of  112  units.  Of  the.se  26  are  arc  furnaces,  85  vertical 
ring  induction  furnaces,  and  3  reflected  heat  furnaces.  The 
70  units  projected  are  for  roUing  mill  use — all  of  the  verti- 
cal ring  induction  type. 

Construction  op  Furnace 

The  vertical-ring  induction  furnace  makes  use  of  the  pat- 
ented Ajax-Wyatt  heating  element.  In  principle  it  is  very 
simple.  Electric  energy  is  converted  into  heat  within  the 
metal  to  be  heated  by  virtue  of  this  metal's  resistance  to  an 
electric  current  which  passes  tlirough  it.  The  furnace  is  es- 
sentially an  electrical  transformer,  which,  when  properly  sup- 
plied with  electric  energy,  induces  the  necessary  currents  to 
flow  in  the  metal  content  of  the  furnace  and  produce  the  heat 
required.  A  view  of  one  such  unit  of  1000-lb.  capacity  ap)- 
pears  in  Fig.  1.  The  outer  casing  as  shown  consists  of  two 
bronze  castings  and  a  steel  upper  jacket.  The  refractory 
lining  is  carried  therein,  being  separated  by  heat  insulating 
bricks  from  all  parts  of  the  casing.  The  lining  is  usually  of  the 
rammed-up  type,  being  formed  in  situ  under  a  pneumatic 
hammer,  using  wood  forms  for  shaping  the  furnace  interior. 
The  lining  material  generally  used  is  a  type  of  refractory 
clay,  bonded  with  5  per  cent  sodium  silicate  and  5  per  cent 
fiber  asbestos.  The  ramming  and  drying  of  such  a  lining  so 
that  it  will  not  develop  cracks  and  leak  molten  metal  when 
operating  require  considerable  skill  and  experience.  The 
main  metal  reservoir  or  crucible  of  the  furnace  can  carry  up 
to  1200  lbs.  of  molten  brass.  Opening  into  the  bottom  of  this 
crucible  are  the  ports  of  the  resistor  tubes.  These  tubes 
■carry  the  molten  metal  through  which  the  heating  current 
passes.  They  form  a  single-turn  secondary,  short-circuited 
on  itself  and  linked  by  the  alternating  magnetic  flux  from  a 
40-turn  primary  coil  connected  to  60-cycle,  220-volt,  pwwer 
supply  mains.  These  resistor  tubes  are  formed  in  the  refrac- 
tory lining  using  3  by  V4  in.  cores,  about  41.2  in.  of  equiva- 
lent length  for  this  cross  section. 

Method  of  Obtaining  Well-B.4.lanced  Mechanism 

It  is  necessary  that  the  tube  area  and  length,  the  primary 
voltage  and  number  of  turns  to  the  primary  coil  be  properly 
apportioned  to  obtain  an  efficient,  well-balanced  mechanism. 
The  set-up  can  be  viewed  as  a  transformer  in  which  all  power 

•  Received  June  20,  1922. 

•  A  thesis  submitted  in  partial  fulfilment  of  requirements  for  graduate 
degree  of  Ch.E. 

■  Formerly  in  charge  of  electric  furnaces.  Chase  Metal  Works,  Water- 
bury,  Cona. 


The  application  of  the  Ajax-Wyatt  type  furnace  to  the  brass-mill 
casting  shop  is  shown  in  this  paper.  The  construction  of  this  type 
of  furnace  and  its  casting  equipment  is  Illustrated,  and  a  method  of 
bringing  the  furnace  into  better  electrical  balance  is  developed.  The 
operating  characteristics  of  the  improved  furnace  are  inoestigated  and 
its  performance  compared  with  that  of  the  coal-fired  crucible  furnace. 


Now,  W 


E  I  cos  0 
R»R 


tran.sformed  into  the  secon- 
dary appears  as  Joule  heat 
in  this  circuit.  It  is  desir- 
able to  obtain  the  maxi- 
mum power  factor  for  the 
sjxjcific  power  rating  re- 
quired— usually  the  maxi- 
mum power  obtainable. 
(1) 

(2) 


X'  -f  R» 
where  W  =  primary  power 

E   =  primary  voltage 

I     =  primary'  current 
X  -|-  R  =  equivalent  reactance  and  resistance  of  the  furnace 

e  =  phase  angle 
For  any  value  E,  W  has  a  maximum  when 

X  =  R  or  cos  e  =  Vj  V2  (3) 


But     R  = 


N? 


(4) 


(5) 


where  ri  -f  ro  =  primary  and  secondary  resistance 

Ni  -f  Na  =  primary  and  secondary  turns 

k  =  constant 

p  =  specific  resistance  of  metal  of  secondary 

/  -f  a  =  length  -f-  area  of  secondary  circuit 

Now,  a  must  be  of  sufficient  size  to  allow  the  secondary  cur- 
rent density  per  unit  sectional  area  a  safe  value  below  that 
which  will  cause  "pinching  off"  of  the  molten  metal.  To 
keep  a  high,  R  and  therefore  X  must  be  held  at  the  minimum. 
Gin*  develops  the  approximate  relation 


Tt        \Ri  ^  Rj/ 


(6) 


where  Ri  =  reluctance  of  magnetic  circuit  linking  the  primary 
but  not  the  secondary;  Rj  =  reluctance  of  magnetic  circuit 
linking  the  secondary  but  not  the  primary;  and  u  =  cycles  per 
second. 


X 

Since  tan  9  =  r 


-■(i^,-i^.)(r:+ii) 


(7) 


(8) 


(9) 


Of  the  factors  determining  X,  the  expression 


(ri  "*"  rJ 


represents  the  concessions  necessary  in  constructing  a  trans- 
former whose  secondary  is  of  high  temperature  molten 
metal.    Physical  conditions  impose  its  minimum  value.  With 


the  factor 


(M) 


the  first  term  constitutes  about  2  per 


cent  of  the  total  value,  from  which  it  is  e\ndent  that  in  ad- 
justing R  to  X,  rj  may  be  varied  with  but  Uttle  change  in  X. 
The  prevailing  rolling  mill  furnace  of  40  primary  turns 
yields  on  test  the  approximate  value  X  =  0.40  ohm. 

•  Trans.  Am.  EUclrc.  Chem.  Soc,  M  (1909),  101. 
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With  this  as  a  value  for  R,  rj  may  be  de\'eloped  for  a  max- 
imum W.  The  tube  length  I  has  come  to  its  present  value, 
41.2  in.,  as  a  safe-working  convenient  dimension.  Further 
increase  might  be  favorable  but  the  point  needs  experimental 
verification,  p  is  naturally  determined  by  the  metal  of  the 
bath,  and  fc  is  a  constant  greater  than  unity  owing  to  skin- 

efTect,  etc.    The  entire  factor  Kp—  is  readily  adjusted  by 

grouping  Kpl  together,  determining  this  value  from  operat- 
ing furnaces  and  varying  a  to  give  the  required  R. 

With  X  and  R  fixed,  W  and  E  are  related  as  shown  in  Fig.  2. 

To  obtain  ma.ximum  power  input,  E  is  increased  until  the 
secondary  current  reaches  its  maximum  safe  value  before 
pinching  occurs.  If  E  cannot  be  raised,  Ni  is  reduced  to  give 
the  equivalent  efTect.  Variation  of  Ni  should  not  affect  9 
(Equation  C).  Test  values  of  a  furnace  apportioned  as  above 
show: 


E     *     5.05  volu  per  primary  turn 
Cose   -     0.715 

Tliis  fiu-nace  operated  well  on  65  :  35  brass.  If  the  maxi- 
mum power  input  is  not  required,  a  should  be  lowered  until 
W,  E,  and  a  are  adjusted  as  desired.  In  operating  the  same 
furnace  on  varying  copper  mixtures,  p  varies  and  R  changes 
accordingly.    A  furnace  tested  as  above  gave: 


Copper 

R 

Per  cent 

Ohms 

.M.63 

0.601 

60.80 

0.493 

65  75 

0.468 

7  5.. '•,7 

0.460 

Thi.-i  variation  in  R  changes  9  and  W,  and  special  provision 
is  necessary  if  widely  varying  metals  are  to  be  melted. 


Operation 

In  operating  the  furnace,  the  resistor  tubes  must  be  filled 
with  molten  metal  at  all  times,  to  establish  the  continuity 
of  the  secondary  circuit.  In  starting  a  new  furnace  or  re- 
starting an  idle  one,  the  tubes  are  "primed"  with  a  200-lb. 
charge  of  molten  metal  from  some  extraneous  source.  This 
done,  the  closing  of  a  switch  connecting  220  volts  to  the  pri- 
mary coil  places  the  furnace  in  operation.  The  charge  to  be 
melted  is  fed  into  the  molten  button  in  the  bottom  of  the 
furnace,  using  the  top  and  rear  charging  doors.  Copper, 
spelter,  and  scrap  may  be  added  in  any  sequence  desired. 
The  furnace  runs  unsealed,  but  is  almost  entirely  free  of 
zinc-fume  while  running. 

The  bath  is  heated  from  the  bottom,  and  the  bulkier 
portions  of  the  cold,  unmelted  charge  remain  on  top  of  the 
heat,  preventing  oxidation  or  zinc  loss.  When  melting  is 
complete,  heating  is  continued  until  the  pouring  tempera- 
ture is  reached.  Tlien  the  power  supply  is  reduced  to  70 
volts,  and  the  power  input  falls  to  about  8  kw.,  an  amount 
sufficient  to  hold  the  metal  indefinitely  at  its  pouring  tem- 
perature. The  surface  of  the  bath  is  dry-skimmed  and  pour- 
ing is  started.  Many  different  pouring  methods  are  used 
with  tlie  induction  furnace,  one  of  which  is  illustrated  in  Fig.  3. 

Here  the  furnace  pours  directly  into  tiie  molds,  being 
tilted  on  trunnions  centered  about  the  furnace  spout.  Hy- 
draulic cylinders  beneath  the  furnace  furnish  the  tilting 
power,  the  rate  of  tilting  being  controlled  by  a  hand-operated 
valve.  The  necessary  molds  are  mounted  on  a  turntable 
which  permits  the  bringing  of  each  successive  mold  rapidly 
into  place  below  the  pouring  spout.  Pouring  proceeds  under 
accurate  control  and  constant  temperature.  Sufficient 
metal  is  left  in  the  furnace  at  the  end  of  its  pour  to  submerge  ■■ 
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the  resistor  tubes  and  furnisli  a  button  for  the  next  heat. 
Operation  continues  24  hrs.  daily,  and  in  event  of  week-end 
or  other  shut-downs,  it  is  necessary  to  apply  the  8-kw.  input 
to  keep  the  buth  molten.     Freezing  of  tlie  metal  content  of 
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the  furnace  usually  is  fatal  to  a  furnace  lining,  the  attendant 
shrinkage  being  enough  to  crack  the  refractory  and  allow  mol- 
ten metal  to  leak  through  when  operation  is  resumed.  For 
an  extended  shut-down  an  operating  furnace  should  be 
drained  of  metal  and  cooled  down  slowly  to  avoid  cracking 
the  lining.  With  usual  precautions,  operation  may  be  re- 
sumed when  desired. 

Practically  all  castings  for  rod,  wire,  sheet,  or  tube  manu- 
facture, excepting  those  of  nickel-silver,  bronze,  or  copper 
metal,  can  be  made  with  the  furnace.  In  the  latter  cases,  the 
furnace  is  unable  to  operate,  owing  to  faOure  of  the  lining 
material  with  the  temperatures  attained.  New  refractories 
are  under  development,  however,  with  which  it  is  hoped  the 
difficulty  will  be  overcome. 

Changing  furnace  production  from  one  alloy  to  another  re- 
quires special  procedure  to  correct  for  the  200-lb.  starting 
button  which  the  new  alloy  will  pick  up  from  the  alloy  pre- 
ceding it.  Furnace  schedules  are  usually  arranged  so  that 
the  change  is  merely  one  in  zinc-copper  ratios — a  matter 
of  adding  a  given  amount  of  either  spelter  or  copper  to  correct 
the  button  of  old  alloy.  Occasionally,  however,  the  change 
requires  the  elimination  of  a  third  metal  such  as  tin  or  lead, 
in  which  case  the  old  button  is  poured  out  and  a  new  button 
poured  in  from  some  extraneous  source. 

The  furnace  is  admirably  suited  to  the  large-scale  produc- 
tion of  the  modern  brass  rolling  mill.  Furnace  installations 
of  24  units  are  already  operating,  and  30-  and  40-unit  batteries 
are  in  course  of  construction.  On  this  scale,  production 
schedules  of  diverse  alloys,  casting  sizes,  etc.,  can  be  filled 
with  minimum  changing  of  individual  furnace  programs. 
Operating  units  are  often  assigned  to  constant  running,  24 
hrs.  daily,  6  or  7  days  weekly,  with  neither  mold  nor  metal 
change. 

Comparison  with   Coal-Fired  Cbucible  Furnace 

The  expansion  of  the  induction  furnace  into  the  roUing 
mills  has  been  largely  at  the  expense  of  the  crucible  process. 
To  compare  the  two  processes  is  interesting.  Considering 
■  quality  of  product,  the  crucible  process  at  its  best  can  pro- 


duce metal  in  no  wise  inferior  to  electric  furnace  brass.  But 
to  keep  the  crucible  process  at  its  best  is  a  difficult  matter. 
Consider  first  the  chemical  six;cificatioift  to  which  the  metals 
must  conform.  Tlie  making  of  crucible  brass  involves  a  loss 
of  more  tli;in  3  per  cent  of  the  zinc  content  of  the  charge. 
The  quantity  varies  with  the  kind  of  charge,  the  method  of 
melting,  the  temperature  reached  before  pouring,  the  time 
the  metal  remains  at  this  temperature,  etc.  Again,  with 
crucibles  there  is  often  lost  into  the  fire  some  of  the  nonvola- 
tile metals  either  while  charging  or  later,  o.wing  to  crucible 
leaks  or  spilling.  With  these  high  and  variable  losses,  close 
chemical  control  is  often  difficult  to  obtain.  Then,  too,  the 
I)rocoss  of  adding  the  .siielter  to  a  pot  of  brass  requires  proper 
hand-stirring  to  distribute  the  zinc  uniformly  through  the 
charge.  Occasionally  the  metal  cast  from  the  top  of  the 
crucible  charge  is  higher  in  zinc  than  that  cast  from  the 
bottom. 

We  eliminate  these  human  factors  of  the  crucible  process 
with  the  machine-like  action  of  the  electric  furnace.  The 
zinc  loss  is  very  low,  as  is  seen  from  Table  I,  which  covers  the 
metal  balance  of  a  representative  60-kw.  furnace  operating 
on  brass  of  60  to  70  per  cent  copper. 

Table  I 

Pounds  Per  cent 

Gross  charges 3,352.581  100,00 

Net  castings  made 3,285,062  97 .  99 

Net  recovery  as  skimmings  and  splashings 53,552  1.69 

Total  metal  shrinkage,  including  oil  and  nonmetal- 

lic  in  original  charges 13,967  0.42 

The  loss  of  nonvolatile  metals  is  almost  nil.  The  uniform- 
ity of  zinc  distribution  in  the  furnace  charge  is  insured  by 
the  vigorous  automatic  stirring  obtained.  The  electric  cur- 
ent  in  the  resistor  tubes  gives  rise  to  pinch  effect,  motor  effect, 
and  possibly  other  forces,  which  literally  squirt  a  stream  of 
metal  from  the  mouth  of  each  resistor.  This  action  is  strong 
enough  to  elevate  the  metal  surface  over  the  tubes  one  inch  or 
more  above  the  level  of  the  metal  bath  itself.  The  effect  of 
these  low  metal  losses  and  the  positive  mixing  are  seen  in 
the  following  analyses.     (Tables  II,  III,  and  IV.) 

Tablb  II — First  and  Last  Pourings  proh  Fotra  Hbats  op  Leaded  Mbtax. 


Heat  No. 

First  Pourings 
Cu 

Per  cent 
Pb 

Last  Pourings 
Cu 

Per  cent 
Pb 

1215 
1221 
1235 
1242 

64.44 
64.38 
64.27 
64.49 

1.03 
1.01 
1.09 
1.10 

64.38 
64.38 
64.24 
64.52 

1.05 
1.08 
1.17 
1.02 

'    im 

\\\- 

But  of  equal  importance  to  chemical  analysis  are  the 
pouring  temperature  and  conditions  attending  the  casting  of 
the  metal.    The  product  must  be  sound,  close  grained,  free 
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of  pipe,  blowholes,  or  included  matter,  and  of  smooth  surface, 
no  spills,  cold-shuts,  or  other  defects.  In  crucible  practice 
the  rate  of  heating  fs  variable,  and  the  time  for  pouring  is 
determined  only  by  the  operator's  judgment.  Casting  is 
done  under  difficult  conditions  and  the  hand  nature  of  the 
process  makes  it  require  considerable  dexterity  and  physical 
effort.  With  the  induction  furnace  the  procedure  is  again 
machine-like.  Heating  proceeds  at  a  uniform  rate,  the 
furnace  meters  always  indicating  the  total  electric  energy 
put  into  a  givea  charge  at  any  stage  of  the  melting.  The  fur- 
nace operator  knows  the  average  energy  requirement  for 
each  heat  of  metal  melted  (Table  V)  and  by  obser\Tng  the 
watt-hour  meter  gets  considerable  help  in  determining  when 
to  jx)ur. 

Tabls  III — CoNSEctmvE  Heats  oi"  Muntz  Metal  fob  Tubing 


Copper 

Copper 

Heat  No. 

Per  cent 

Heat  No. 

Per  cent 

1 

60.78 

11 

60.22 

2 

60.58 

12 

60.21 

3 

60.50 

13 

60.36 

4 

60.55 

14 

60.38 

5 

60.48 

15 

60.56 

6 

60.34 

16 

60.43 

7 

60  50 

17 

60.83 

8 

60.58 

18 

60.70 

9 

60.07 

IS 

60.38 

10 

60.40 

20 

60.50 

5 IV — Random  Samples  Taken  One  prom  E 

ACH  OP   15  SuCCES- 

SIVE 

8-Hk. 

Shifts 

(Production  rcprcscntcd- 

-90,000  lbs.  rod  billets) 

Copper 

Lead 

Date 

Shift 

Per  cen 

Per  cent 

7-13 

61.31 

2.85 

61.27 

2.92 

61.37 

2.85 

7-14 

61.50 

2.74 

61   53 

2.81 

61.40 

2.73 

7-15 

61.66 

2.73 

61.50 

2.81 

61.64 

2.88 

7-16 

61.33 

2.79 

61.63 

2.78 

61.29 

2.83 

7-18 

61.70 
61.44 

2.80 
2.66 

61.31 

2.71 

The  furnace  ammeter  also  helps  by  its  so-called  "kicking." 
Kicking  occurs  when  the  metal  in  the  tubes  is  hot  enough  to 
form  zinc  vapor  in  the  secondary  circuit.  The  circuit  is 
temporarily  opened  and  the  ammeter  oscillates  from  its  nor- 
mal running  position  down  to  zero  and  then  rapidly  back 
to  normal  as  the  circuit  makes  and  breaks.  The  action 
indicates  tiiat  the  metal  of  the  bath  is  itself  close  to  the 
boiling  point.  As  with  the  attaining  of  proper  temperature, 
casting  conditions  with  the  furnace  arc  very  favorable.  Hy- 
draulic tilting  and  rotary  mold  tables  enable  close  pouring 
control.  The  operators  are  protected  from  excessive  heat, 
aa  all  external  |)arts  of  the  furnace  are  cool  enough  to  be 
touched  by  the  bare  hand.  In  fact,  the  9.6  kw.  hrs.  actually 
required  to  pour  2  :  1  brass  (Table  V),  when  compared  with 
8.0  kw.  hrs.  theoretically  required,'  indicate  a  thermal  effi- 
ciency of  83.3  per  cent. 

Table  V 
Kw.  Mr.  to  Pour  100  Lbs.      Probable  Pouring  Tem- 

MsTAL  (Average  Practice)  peraturc 

SO:  40  brass  8.6  18.50°  F. 

86: 35  brass  9.3  1960°  F. 

86.7    33  3  brass  9.6  2000°  P 

70: 30  bras*  10>0  2070°  F. 

ExiKrience  with  many  million  pounds  of  electric  metal 
has  proved  it  to  be  satisfactorj'  for  rod,  wire,  sheet,  and  tubing; 
but  a  word  of  warning  is  not  ami.>;s  here  as  there  has  been  con- 
siderable electric  metal  which  has  come  through  unsatisfactory. 
The  cause  can  be  laid  to  overextending  the  natural  advan- 
tages of  the  furnaces— first,  in  the  skill  of  the  labor  employed. 
To  be  sure,  the  induction  furnace  runs  verj'  machine-like  but 
unskilled  labor  cannot  complete  the  process  and  turn  out 

•  Clamer.  J.  Frank  Iiul.,  HO  (1920),  600. 


good  castings.  Many  a  perfect  heat  of  molten  metal  has 
ended  up  as  scrap  castings,  owing  to  poor  mold  preparation  or 
improper  pouring  by  the  operators.  Second,  in  the  kind  of 
raw  materials  used  in  the  furnace  charges— the  induction 
furnace  has  proved  capable  of  reducing  to  molten  state 
very  light  scrap,  oily  borings,  and  metallic  concentrates 
which  the  crucible  process  handles  only  with  difficulty.  In 
some  cases,  attempts  have  been  made  to  use  100  per  cent 
of  such  materials  in  the  furnaces,  but  the  poor  initial  quality 
of  these  charges  seems  to  show  up  in  the  finished  product  as 
decidedly  inferior  metal. 

In  its  economic  relation  to  the  crucible  process,  the  induc- 
tion furnace  stands  preeminent  in  the  rolling  mills.  One 
induction  furnace  and  one  operator,  melting,  pouring,  and 
doing  all  mold  work,  can  in  three  8-hr.  shifts  turn  out  a  daily 
average  of  16,000  lbs.  of  finished  product,  the  labor  cost 
being  50  per  cent  of  that  for  coal-fired  crucibles.  Then,  too, 
the  furnace  eliminates  crucible  expense — a  factor  of  some  0. 10 
cents  per  pound  in  rolling-mill  work.  It  also  reduces  the  metal 
losses  to  one-third  or  less  of  those  of  the  crucible  method. 
Even  in  refractorj'  costs,  which  at  one  time  gave  some  appre- 
hension, the  electric  furnace  may  be  cheaper  than  the  pit- 
crucible  furnace.  One  existent  induction  furnace  with  an 
original  lining  cost  of  about  S200  has  melted  over  6,000,000  lbs. 
on  its  original  lining,  and  still  seems  good  to  continue  produc- 
tion indefinitely.  In  fuel  charges,  the  substitution  of  electric 
energy  for  hard-coal  fuel  is  profitable  under  average  condi- 
tions. The  electric  method  is  not  subject  to  high  fuel  han- 
dling charges  or  the  expense  of  recovering  from  coal  ashes  any 
metal  lost  into  the  melting  fire.  The  induction  furnace  is 
probably  the  most  efficient,  thermally,  of  any  nonferrous 
melting  equipment.  On  24-hr.  operations  with  a  Sunday 
holdover  at  reduced  voltage,  60  :  40  brass  can  be  poured  at  an 
average  total  consumption  of  ISO  kw.  hrs.  per  net  ton  of  cast- 
ings. The  character  of  the  electric  load  is  quite  satisfactory, 
graphic  wattmeter  charts  showing  a  uniform  jiower  demand, 
excepting  the  few  times  of  "kicking"  at  the  finish  of  each  heat. 
The  load  factor  is  high  and  the  utilization  of  37,500  kw.  hrs. 
in  a  25-day  month  with  72  kw.  maximum  demand  is  quite 
possible.  The  power  factor  on  60  cycles  can  be  maintained 
over  70  per  cent  and  with  the  60-kw.  demand  can  attain  86 
per  cent.  In  maintenance,  as  well  as  in  interest  and  depre- 
ciation charge,  the  furnace  is  more  expensive  than  the  pit- 
fires.  The  total  casting  costs  naturally  vary  with  different 
mills,  and  different  cost-keeping  and  accounting  methods,  but 
experience  shows  that  if  in  round  numbers  it  cost  1.5  cents 
per  lb.  to  cast  metal  from  pit-fires,  the  Induction  furnace 
can  duplicate  the  production  at  under  1.0  cent  per  pound. 
Assuming  crucible  melting  capacity  to  be  supplanted  by 
electric  furnaces  in  units  of  4,000,000  lbs.  annual  capacity 
costing  installed  about  $10,000  each,  the  saving  in  the  first 
2,000,000  lbs.  melted  should  pay  for  each  unit.  With  capacity 
operation  the  original  outlay  would  be  returned  through  re- 
duced expenditures  twice  yearly. 
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With  its  issue  of  September  16,  1922,  the  Ivdia-Rubber  Journal 
started  the  experiment  of  using  a  rubber-paper  cover,  containing 
one  per  cent  of  rubljcr  used  as  a  toughener.  It  is  stated  that  in 
this  paper  the  tensile  strength  and  bursting  strain  are  materially 
increased,  while  the  folding  index  of  the  rubber  paper  is  172 
machine-way  and  95  cross-way,  as  against  5  and  6,  respectively, 
for  the  cover  paper  previously  used  by  this  journal. 
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Gelatin  in  the  Photographic  Process'' 

By  S.  E.  Sheppard 

Rr:3i!ARCH  Laboratory.  Kastman  Kodak  Co.,  Rochiistkr,  N.  y. 


The  funJamental  process  in  modern  photography  consists  in  the 
making  oj  negatives  and  posilioes  with  gelatino-siloer  bromide  emul- 
sions. The  series  oJ  operations  consists  In:  (/)  making  and  coaling 
the  emulsion,  (2)  exposure  to  light.  (3)  deoelopment.  (4)  fixation, 
washing,  drying,  with  auxiliary  operations  such  as  hardening,  re- 
duction and  intensification,  toning  and  tinting.  For  the  preparation 
of  the  emulsion,  the  freedom  of  the  gelatin  from  desensitizing  im- 
purities, its  relative  content  of  Jelling  protein  and  nonjelling  hydroly- 
sales.  the  viscosity  of  its  sols  and  their  setting  points,  are  Important. 
The  factors  governing  the  viscosity  are  discussed  In  the  light  of  recent 


work-  Exposure  Is  determined  by  sensllloeness,  which  again  Is 
largely  controlled  by  Inhibitory  substances  In  the  gelatin.  In  the 
subsequent  processes,  the  mechanical  strength  of  the  Jelly  phase,  and 
the  swelling  capacity  of  the  gel  are  Important,  and  their  measurement 
and  regulation  are  noted  The  Importance  of  the  Isoelectric  point 
and  of  the  hydrogen-Ion  concentration  for  the  behavior  of  the  am- 
pholytic  gelatin  In  the  photographic  process  Is  discussed,  particularly 
In  relation  to  the  acid-fixing  and  hardening  bath.  The  behavior  of 
gelatin  Jellies  on  drying  is  considered  to  be  explicable  without  re- 
course to  structure  theories  of  the  Jelly. 


MODERN  photography  is  almost  as  much  dependent 
upon  gelatin  as  upon  silver  salts.  The  work  upon 
gelatin  which  is  being  carried  on  at  the  Research 
Laboratory  of  the  Eastman  Kodak  Company  is  naturally 
chiefly  devoteil  to  its  use  in  photography,  and  the  following 
is  an  outline  of  the  function  and  behavior  of  gelatin  in  photo- 
graphic processes. 

The  two  chief  classes  of  photographic  material  in  which 
gelatin  plays  a  role  are:  (a)  gelatino-silver  halide  emulsion, 
and  (6)  dichromated  gelatin  layers. 

In  the  former,  the  part  of  the  gelatin  is  fundamentally 
that  of  a  binder  or  suspending  medium  for  sUver  halides, 
for  silver  derived  from  these,  or  for  compounds  derived 
from  the  sUver  by  reactions  subsequent  to  development  of 
the  latent  image.  In  all  these  cases  the  special  physical 
and  colloid  chemistry  of  gelatin  is  of  great  importance  for 
correct  understanding  of  the  behavior  of  the  plate  or  film. 

In  the  second  class  cited,  the  gelatin  becomes,  through 
the  photochemical  decomposition  of  the  dichromate,  it- 
self art  and  part  of  the  image.'  In  fact,  the  whole  practice 
of  photographic  and  photomechanical  processes  with  di- 
chromated gelatin,  gelatose,  etc.,  depends  upon  radical 
modifications  of  the  properties  of  these  colloids  produced 
by  tanning  reactions,  either  directly  or  indirectly  photo- 
chemical. This  class  is  of  more  importance  for  photo- 
mechanical than  for  strictly  photograpliic  procedure,  and  will 
not  be  discussed  directly  in  this  paper. 

Gelatins  for  Emulsions 

Although  he  had  forerunners,  the  credit  for  preparing  the 
first  gelatino-silver  bromide  emulsion  is  generally  ascribed 
to  Dr.  Maddox,  of  Liverpool,  England  (1871).  His  emulsion 
was  prepared  by  suspending  silver  bromide  with  excess 
silver  nitrate  in  gelatin  acidified  with  nitric  acid,  and  develop- 
ment was  effected  with  acidified  pyrogallol  to  which  more 
silver  nitrate  was  added.  Maddox's  emulsion,  therefore, 
belonged  to  the  first  of  the  two  main  classes  of  sensitive 
silver  halide  preparations: 

(A)  Silver  halide  formed  in  presence  of  excess  silver  salt 
includes  wet  collodion,  collodion  emulsion,  and  most  printing- 
out  emulsions. 

'  Paper  read  before  the  New  York  Section  of  the  American  Chemical 
Society.  January  fl,  1922,  and  the  Rochester  Section,  April  17,  1922. 

•  Communication  No.  143  from  the  Research  Laboratory  of  the  Eastman 
Kodak   Company. 

•  It  may  also  act  as  a  binder  for  a  pigment,  but  the  pigment  is  inert. 


(B)  Silver  halide  formed  in  presence  of  excess  soluble  halide 
includes  both  positive  and  negative  emulsions  for  chemical 
development. 

It  was  the  previous  discovery  of  alkaline  development 
(of  collodiobromide  emulsions)  by  Russell  which  made 
Maddox's  experiment  lead  the  way  to  the  second  class  of 
emulsions,  which  hold  first  place  in  importance  in  modem 
photography. 

The  value  of  gelatin  for  emulsions  depends  both  upon  its 
physical  projjerties  and  its  chemical  composition.  It  is 
not  necessary  to  amplify  the  statement  that  gelatin  is  pre- 
eminently an  cmulsoid  or  solvatcd  colloid.  The  high  de- 
gree of  reversibihty  of  the  transition 

Hydrosol  ;=^  Hydrogel 

at  conveniently  attainable  temperatures  is  a  fact  of  first 
importance  for  its  use.  The  formation  of  the  jelly  from  the 
hydrosol  is  termed  setting,  the  converse  passage  from  the  jelly 
to  the  fluid  solution,  melling,  and  it  has  been  customary 
to  sp)eak  of  selling  ■points  and  melting  points.  By  the  former 
is  understood  the  temperature  at  which  the  solution  con- 
gealed; by  the  latter,  the  temperature  at  which  the  jelly 
liquefied.  These  temperatures  are  not  coincident,  as  in 
the  case  of  a  crystal,  and  corresjxinding  with  this  thermo- 
dynamic indetermination  are  only  empiricsJly  definable  by 
experimental  conventions.  The  writer  and  S.  S.  Sweet' 
have  shown  that  the  setting-point  concentration  curves,  or  the 
melting-point  concentration  curves,  determined  under  standard 
conditions,  are  more  characteristic  of  a  gelatin  than  single 
setting  or  melting  points  at  one  concentration,  although  if 
these  are  taken  in  the  region  where  the  "point"  varies  linearly 
with  the  concentration — 10  to  20  per  cent — a  satisfactory 
practical  comparison  is  usuallj'  possible.  Technical  gelatins 
are  roughly  classified  as  hard,  medium,  and  soft,  in  terms 
of  the  melting  point.  Using  the  writer's  apparatus,  the 
following  typical  results  were  obtained  for  10  per  cent  jellies: 


Settino 

MBLTtHO 

Point 

Point 

Trade 

Kind  of  Gelatin 

°C. 

°C. 

Dbsckiption 

Glue  (domestic) 

18.2 

19.8 

Glue 

23.2 

25.8 

22.2 

24.8 

Soft 

Gelatin  (foreign) 

24.8 

28.0 

GeJaUn 

In  common  with  other  physical  properties,  the  setting 
and  melting  points  are  largely  controlled  by  the  hydrogen- 
ion  concentration.    With  most  photographic  gelatins  this 

<  Tins  JouKNAt.  13  (1921),  423. 
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corresponds  (in  1  per  cent  solution)  to  a  pH  between  5  and 
6,  under  which  condition  no  great  variation  results.  But, 
as  noted  later,  this  important  constant  should  always 
be  determined,  in  order  that  due  adjustment  may  be  made. 
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PlO    1 — SILV8R  BrOMIDS  GRAINS  OF  EMULSIONS  (MAGNIFICATION  2500) 

Apart  from  this,  or  in  tiie  presence  of  other  ionogens  in  con- 
siderable amount,  the  value  Ls  chiefly  determined  by  the 
proportion  of  hydrolyzed  to  unhydrolyzed  gelatin.  The 
value  is  lower,  the  more  advanced  the  hydrolysis  which 
converts  the  protein  over  into  a  mixture  of  proteoses,  pep- 
tones, and  amino-acids. 

Recent  work  of  C.  R.  Smith,'  R.  H.  Bogue/  and  E.  T. 
Oakes'  has  indicated  the  highly  interesting  possibility  of 
a  thermodynamicaUy  definite  transition  point  between 
"sol"  and  "gel"  forms  of  gelatin.  Smith  concluded,  from 
polarimctric  measurements  of  the  muta-solution  of  gelatin 
solutions,  that  the  jxiint  lay  between  33°  and  35° C,  and 
suggested  that  it  corresponded  to  a  bimolecular  condensa- 
tion of  gelatin  molecules.  Bogue,  from  measurements  of 
the  plastic  yield  of  gelatin  hydrosols,  finds  transition  at 
about  35°  C,  whereas  Davis  and  Oakes,'  from  very  valuable 


Fio.  a— Influsncb  of  Gslatin  on  Avbraos  Grain  Sub  of  Silvsr 
Brouidb 

Studies  of  the  change  of  viscosity  of  gelatin  solutions  with 
time,  have  fixed  it  very  precisely  at  38.03°  C.  Some  doubt 
may  be  felt  at  present  as  to  the  complete  validity  of  these 

»J.  Am.  Cktm  Soc.  41  (1910),  138. 
•Ibid.,  U  (1922),  1,113. 
'/»id.  44  (1922),  464. 

'  Cf.  also  the  valuable   studies  of  Arijt  on  "The  Sol  and  Gel  State  o( 
Gelatin  Solutioni,"  KoUoidckrm.  Ifrihefte.  T  (19Ifi),  1. 


conclusions — that  is,  as  to  whether  the  transition  point  is 
independent  of  the  concentration  and  origin  of  the  gelatin. 
But  the  suggestion  that  what  was  formerly  termed  the  thermal 
"lag"  of  gelatin  solution  is  a  case  of  "suspended  transforma- 
tion" is  of  great  theoretical  importance,  while  the  attain- 
ment of  temperatures  of  invariance  of  such  a  property  as 
\-iscosity  is  of  equal  practical  weight. 

In  the  preparation  of  emulsions,  including  the  coating,  the 
properties  of  the  hydrosol  are  most  interesting.  They  may 
be  divided  as  follows:  (1)  protective  action,  (2)  \ascosity, 
and  (3)  influence  on  sensitiveness  to  light. 

The  Protective  Action  of  Gelatin  in  the  case 
of  gold  and  silver  hydrosols  is  well  known.  Values  for 
the  gold  number,  by  Zsigmondy  and  others,  give' 


Gelatin 

Casein 

Eg?  albumin. 
Dextrin 


0.005  to  0.01 
0.01 

0.06    to  0.3 
10    to  20 


In  a  recent  paper'  it  has  been  shown  that  the  gold  number 
of  gelatins  depends  upon  the  dilution  of  the  hydrosol,  in- 
creasing therewith,  and  ujwn  the  age  of  the  solution.  It 
was  not  found  possible  to  satisfactorily  differentiate  tech- 
nical gelatins  on  the  basis  of  their  gold  numbers. 

In  the  case  of  silver  halide  emulsions  this  protective  action, 
which   involves   inhibition   of   agglomeration    (and    crystal 


I'lo,  3 — SwEuUNG  OF  Gklatin  IN  NaOH  and  HCI, 
Water  per  1  Grah  Gelatin) 


(S/G    =    Grams 


growth)  of  amicrons,  is  doubly  important.  First,  we  may 
note  that  if  silver  nitrate  and  potassium  bromide  solutions, 
with  slight  excess  of  bromide,  arc  mixed  in  darkness  and  the 
precipitated  silver  bromide  washed  witii  water,  then  it  is 
found  to  be  immediately  reducible  by  any  of  the  usual 
developers.  If  quite  small  amounts  of  gelatin  arc  added, 
the  reduction  is  greatly  slowed  down,  and  this  inhibition 
increases  rapidly  with  tlie  amount  of  gelatin,  till  a  maximum 
effect  is  soon  reached.  Sheppard  and  Mees  attributed 
this  protective  power  largely  to  the  insulation  of  the  silver 
halide  particles  from  dust,  etc,  nuclei,  with  which  effect 
is  associated  a  delay  in  aggregation  of  silver  amicrons  to 
form  larger  nuclei.  It  is  possible  to  prepare  colloid-free 
silver  bromide  layers,  which  can  give  a  developable  image, 
but  chemical  fog  occurs  much  earlier. 

The  same  protective  effect  is,  however,  at  work  in  securing 
fine-grained  precipitates  of  the  silver  halide.  Emulsions 
in  which  the  silver  halide  particles  are  largely  of  submicro- 
scopic  dimensions  are  the  so-called  Lippmann  emulsions 
of  silver  bromide  for  interference  photochromy,  and  silver 
chloride   p)Ositive   emulsions   for  lantern   slides  and    trans- 

•  F.  A,  Elliott  and  S.  E.  Sheppard,  This  Journal,  IS  (1921),  699. 
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parencies.  FV  negative  emulsions  of  higher  speed  the 
grain  is  considerably  coarser,  being,  in  fact,  definitely  crys- 
talline,"* and  one  great  advantage  of  gelatin  over  collodion 
is  that  it  permits  the  growth  and  ripening  of  the  crystals. 

Heating  suspensions  tends  to  agglomerate  the  particles 
and  lessen  the  dispersity,  and  since  negative  emulsions  are 
ripened  by  heat  to  increase  their  sensitiveness  and  density- 
giving  power,  it  has,  therefore,  been  supposed  that  high-speed 
negative  emulsions  with  coarse  grains  simply  represent  a 
stage  produced  from  fme-grained  emulsions  by  heat  treat- 
ment and  Ostwald  ripening.  This  is  not  the  case.  The 
conditions  in  the  preparation  of  the  coarser-grained  high- 
speed emulsions  are  ditTerent,  and,  in  particular,  the  con- 
centration of  the  reactants  is  higher,  and  that  of  the  gelatin 
is  lower.  The  importance  of  these  factors  is  very  definitely 
outlined,  if  not  yet  completely  covered,  by  Von  Weimam's 
theory,  and  is  illustrated  in  Fig.  2. 

The  influence  of  increasing  concentration  of  gelatin  in 
extending  the  region  of  minimum  dispersity,  but  lowering 
the  dispersity  itself,  is  illustrated  here.  Recent  work  of 
Odcn"  indicates  that  the  degree  of  dispersion  of  the  primary 
grains  of  precipitates  (gelatin  absent)  steadily  diminishes 
as  the  concentration  decreases.  The  maximum  observed 
by  VonWeimarn  and  others  is  due  to  secondary  aggregation; 
this  may,  however,  be  of  equal  importance  technically. 

Viscosity  Factors  are  as  follows: 


show 


iNrLURNCV 

plastic  yield,  nc> 


No.  Factor 

(.4)  At  one  concentration 

I        H-ion  activity 


Cations — e. 
from  ash  c 
stitueDts 


Inplusncs  Authority 

and  at  one  temperature,  preferably  not  below  40°  C. 

and  not  above  50'^  C. 
Viscosity  is  a  minimum     J.  Loeb 
at  pH  4.7  to  4.8.  the     R.  H.  Bogue 
isoelectric  point;   rises     E.  T.  Oakcs 
to  a  maximum  pH  2  to     Oakes*  conclusions  dif- 
3.3,  and  again  between         fer    somewhat   from 
pH  8  to  10 
Viscosity   effect   depends 
upon  concomitant  pH 
variation ;      when     pH 
>  4.8,  pelatin  combines 
only  with  cations.      At 
same    pH    monovalent 
cations  give  same  vis- 
cosity, polyvalent  cat- 


Locb's 
J.  Loeb 


low 


tha 


valent^' 
When  pH  <  4.8,  gelatin 
combines  with  anions 
only.  At  same  pH, 
the  monobasic  acids 
HCl,  KBr,  HNOj.  and 
acetic  acid  give  identi- 
cal effect;  oxalic,  tar- 
taric, succinic,  citric, 
nd  phosphoric   nearly 


the 


1  the 


4        Nonelectrolyte: 


5         Composition  and 
hydrolysis 


Age    of    solution 
Rate  of  shear 


acids;      HtSO* 
gives  a  lower  value'* 

Methyl  and  ethyl  alcohol 
lower  viscosity,  glyc- 
erol and  sugars  in- 
crease. (Compare  ef- 
fect on  water) 

Gelatin,  even  when  free 
from  congeners 
mucin,  is  a  mii 
unhydrolyzed  a 
drolyzed  protein ;  the 
greater  the  proportion 
of  hydrolysates  (pro- 
teoses, peptones,  am- 
ino-acids)  the  lower  the 
viscosity.  (See  Tran- 
sition) 

Inhomogeneous  systems 
— as  suspensions,  emul- 
sions, colloids — have 
a  lower  limit  or  yield 
point  of  shearing 
stress,  below  which  the 
displacement  is  not 
proportional  to  the 
stress.         Gelatin   sols 


Levites 

such  as     von  Schroeder 
ture  of     R.  H.  Bogue 
d  hy- 


E.  C.  Bingham 


» Trivelli  and  Sheppard,  "The  Silver  Bromide  Grain  of  Photo- 
graphic Emulsions,"  Monographs  on  the  "Theory  of  Photography,"  from 
the  Research  Laboratory  of  the  Eastman  Kodak  Company.  Van  Nos- 
Uand  Co..  19S1. 

"  Arkiv  Kemi,  Mineral  Geol.  (Stockholm).  7  (1920). 

^"  Complications  due  to  precipitation  of  membranes  by  trivalent  cations 
excluded. 

"  The  other  polybasic  acids  combine  with  gelatin  as  monobasic. 


cording    to   concentra< 

tion    and    temperature 

(B)  Conientrolion  fariabte 

sity  of  a  gelatin 


very  rup- 


sol 

idly     with 

tion.  The  concentra- 
tion reition  of  interest, 
photographically,  ia 
from  6  to  10  per  cent 


(C)   Temperature  and  transition 

Viscosity  decreases  with 
rise  of  temperature. 
Furthermore,  the  rate 
of  hydrolysis  increases 
(dependinK  again  upon 
pH).  From  recent  ex-  S, 
periments  we  find  it  to 
be  quite  perceptible  at 
hiich  and  low  values  of 
pH.evenatWC. 

From  work  on  the  muta-     C. 
rotation  of  gelatin  sols.     R 
C.  R.  Smith  concluded      E. 
that  a  transition  point 
between    sol    and     gel 
forms    of    gelatin     ex- 
isted at  34**  to  35»  C. 
Bogue    measured     the 
viscosity  of  gelatin  sols 
at     different    rates    of 
shear,     and      deduced 
value  from  the  occur- 
rence of  plastic  yield. 

Experiments  in  this  lab-  S. 
oratory  show  plastic 
yield  to  occur  at  differ- 
ent temperatures  ac- 
cording to  the  concen- 
tration. 

Davis  and  Oakes  have 
attacked  the  problem 
from  the  standpoint  of 
time  variations  of  vis- 
cosity, and  found  for 
their  material  38.03® 
C.  a  temperature  of  in- 
variance.  Above  or 
below  this  gelatin- 
water  systems  may  be 
in  a  state  of  suspended 
transformation 


L  H.  Bogue  finds  that 
Hatsrhek'a  formula 
Is  Inapplicable  per 
Me,  but  may  be  seml- 
emplrically  cor- 
rected. Davis  and 
Oakes  find  Arrhe- 
oius*  formula  more 
satisfactory 


R.  Smith 
H  Bogue 
T.  Oakes 


Flo.  4 — iNFLtrBNCB  OP  TSMPfiRATURB  OK  &WBU.INO  LlMrT 

Photographically,  the  viscosity  of  gelatin  solutions  and 
of  silver  halide  emulsions  is  of  great  importance,  since  it 
not  only  affects  the  formation  of  the  emulsion,  but  also  con- 
trols the  operation  of  coating  or  spreading. 
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The  average  concentration  of  gelatin  in  emulsions  is  from 
6  to  7  per  cent,  while  the  sequence  of  operations  in  emulsion 
making,  particularly  digestion  in  slightly  acid  solution  at 
elevated  temperatures,  may  alter  part  of  the  gelatin;  this 
is  usually  only  a  fraction  of  the  total  used.    Hence,  the  vis- 
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Fio.  6 — Rath  op  Swcllino  of  Gklatino-Silver  Bromidb  Emulsion  i« 
Sodium  Sulpitb  Solutions 
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Fio.  7 — Rath  of  Swelling  of  GslatinoSilvsr  Brohidb  Emulsion 

C08ity  of  the  given  gelatin  determines  the  viscosity  of  the 
emulsion,  and  thereby  the  coating  speed.  It  is  further  inter- 
esting to  note  that  the  eoatins  temperature  is  usually  around 
35°  to  40°  C— that  is,  the  region  of  the  putative  transition 
point. 

Influence  on  Sensitiveness  of  Light — The  early 
conception  that  the  value  of  gelatin  in  photographic  emul- 
sions ronsisted  in  its  functioning  as  a  photochemical  sensi- 
tizer, by  absorption  of  halogen,  has  been  largely  abandoned. 
The  most  that  can  be  definitely  stated  at  present  is  that 
certain  impurities  must  be  reduced  to  a  minimum.'*  In 
regard  to  tlie  chemical  analysis,  we  may  note  that  the  ash 
should  not  much  exceed  1  per  cent,  that  copper,  lead,  and 
iron  should  be  negligible,  and  chlorides  low.  On  the  organic 
side,  organic  sulfur,  giving  silver  sulfide,  should  be  absent, 

"  Cf.    B.  V.  Storr,  Annual  Rtporti  of  Socttly  0/  Chemical  Industry  on 
Protress  of  ApplUd  Chimislry,  No.  2,  «7  (1918).  406. 


also  reducing  substances  (reducing  ammoniacal  sQver  nitrate 
in  the  dark  within  12  hrs.)  as  well  as  greasy  substances 
and  mucins."' 

Functions  of  Gelatin  in  Negative  and  Positive  Making 

When  we  pass  from  the  preparation  and  exposure  to  light 
of  gelatino-silver  halide  emulsions  to  the  operations  leading 
to  finished  negatives  and  positives,  the  properties  of  the 
hydrogel  are  of  chief  importance.  First  of  these  is  the  jelly 
strength,  since,  like  the  wet  strength  of  paper,  this  determines 
the  endurance  in  many  stages  of  manipulation.  Most  tests 
for  this,  following  the  time-honored  finger  test  for  glues, 
have  involved  determination  of  the  force  required  to  press  a 
plunger  a  definite  depth  into  the  jelly.'"  These  methods 
are  satisfactory  for  most  industrial  purposes.  There  is 
some  possibility  of  error  by  skin  formation  at  the  surface, 
liowever,  and  no  definite  elastic  con.stant  is  measured,  since 
both  compression  and  shear  are  effected  in  unknown  pro- 
portions. For  these  reasons  a  torsion  dynamometer  exert- 
ing pure  shearing  stress  on  jeUy  cylinders  has  been  designed. 
This  instrument  and  its  operation  have  already  been  fully 
described,"  so  that  it  will  suffice  to  state  that  jelly  strength 
may  be  measured  therewith,  either  by  the  modulus  of  rigidity. 


or  by  the  torsional  resilience  =  ^/2  (stress  X  strain)  at  limit. 
Experiments  with  this  have  shown  that  gelatin  jellies  are 
rigid  and  follow  Hooke's  law  nearly  up  to  the  breaking  point. 
After  molding  a  jelly  and  keeping  at  0°  to  5°  C,  the  rigidity 
increases  rapidly  at  first,  and  becomes  constant  in  about 
10  to  15  lirs.  Between  0°  and  10°  C.  it  does  not  vary 
much  with  temperature,  but  above  10°  rapidly  falls,  to  be- 
come zero  at  the  melting  point.  The  relation  of  the  rigidity 
to  concentration  does  not  follow  an  identical  curve  with 
different  commercial  gelatins,  but  it  is  approximately  repre- 
sented by  the  equation  N  =  kc",  where  n  approaches  2,  but 
varies  with  different  gelatins.  On  varying  the  hydrogen-ion 
concentration  of  ash-free  gelatin  jelUes,"  for  concentrations 
from  4  to  10  per  cent  of  ash-free  gelatin  a  maximum  rigidity 
(jelly  strength)  is  found  at  about  pH  =  8,  above  which  the 
rigidity  falls  off  rapidly.    The  decline  from  the  maximum 


Fig.  8 — Auxohetkr 

toward  lower  pH  values  is  less  steep,  a  flat  portion,  or  shoulder, 
existing  near  the  isoelectric  point,  but  no  maximum  or  mini- 
mum.    Below  pH  =  3  there  is  again  a  rapid  fall.    Certain 

••  ConReners  of  gelatin,  in  chondrin,  and  giving  slimy  precipitates. 
"  A  bibliography  of  these  methods  is  given  in  a  forthcoming  monograph 
by  the  writer,  on  "Gelatin  and  Its  Uses  in  Photography." 

"  This  Journal,  11  (1920),  1007;  J.Am.  Chtm.  Soc.  43  a921).  639. 
"  Cf.  S,  E.  Sheppard  and  S.  S.  Sweet,  J.  Am.  Chem.  Soc,  44  (1922).  1857. 
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anomalies  with  commercial  gelatins  have  been  traced  to  the 
iDfluenec  of  inorganic  ash  constituents;  thus  aluminium, 
at  0.01  per  cent  AltOi  on  dry  gelatin,  greatly  alters  the  cm-\e, 
a  secondary  maximum  being  produced  at  pH  =  4. 
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Fie.  9 — .Swelling  of  Gklatino-Silvrr  Bromidb  Emulsion  in  Hydro- 
chloric Acid 

SWELUNG  OF  GeL.\TIN  AND  PHOTOGRAPHIC  OPERATIONS 

In  the  operations  of  development,  Sxation,  w.ishing,  after- 
operations  as  reduction,  etc.,  the  most  important  property 
is  the  swelling  of  gelatin  in  water  and  aqueous  solutions. 
It  is  this  property  which  makes  the  gelatino-broraide  dry 
plate  or  film  so  amenable  to  the  variety  of  operations  used 
in  photography.  Although  much  current  theory  is  based 
on  the  idea  that  gelatin  in  swelling  does  so  uniformly  in  all 
directions,  this  is  not  quite  exact.  In  practice,  previous 
conditions  of  drjdng  largely  determine  the  subsequent  swell- 
ing. In  the  photographic  emulsion,  the  adhesion  to  a 
relatively  rigid  support  prevents  swelling  taking  place  effec- 
tively in  any  direction  but  that  normal  to  the  surface. 
Since  swelling  forces  perpendicular  thereto  do  e.xist,  and  come 
into  play  when  the  swelling  is  considerable,  the  support  is 
substrated  with  hardened  gelatin  before  being  coated  with 
emulsion.  It  has  been  known  for  some  time  that  the  swelling 
of  gelatin  depends  decisively  upon  the  acidity  or  alkalinity 
of  the  solution  in  contact.  This  has  been  developed  by 
H.  R.  Procter,  and  H.  R.  Procter  and  J.  A.  Wilson,  in  terms 
of  Donnan's  theory  of  membrane  equilibrium,  to  explain  the 
swelling  quantitatively,  at  least  on  the  acid  side  of  the  iso- 
electric point.  This  theory  has  been  discussed  very  fully 
elsewhere,"  and  it  is  not  necessary  to  enter  into  details. 
Briefly,  it  is  assumed  that  gelatin  forms  a  readily  iomzable 
salt  with  the  acid;  to  secure  membrane  equilibrium  the  con- 
centration of  diffusible  ions  in  the  jeOy  phase  is  greater  than 
that  of  the  external  solution.  The  tendency  of  the  diffusible 
negative  ions  to  diffuse  outward  is  restrained  by  the  cohesion 
of  the  jelly,  and  the  increase  in  volume  produced  is  pro- 
portional to  the  excess  concentration  of  diffusible  ion.  The 
agreement  of  the  calculated  values  with  experimental  ones  is 
satisfactory;  J.  Loeb  has  shown  further  that  if  swelling  in 
acids  of  different  concentrations  is  plotted  against  the  pH 
of  the  solution,  all  effective  monobasic  acids  give  nearly 
identical  curves,  sulfuric  acid,  as  a  dibasic  acid,  giving  some- 
what lower  values.  Swelling  on  the  alkaline  side  also  passes 
through  a  maximum  at  a  certain  pH.  The  general  form 
of  the  swelling  curve  is  illustrated  in  Fig.  3  and  the  rapid 
increase  in  swelling  with  rise  of  temperature  is  shown  in 
Fig.  4;  in  this  diagram  the  abscissas  are  molar  concentrations 
of  acid  and  alkali  instead  of  pH. 

In  considering  the  relation  of  such  cur\es  to  tlie  photo- 
graphic process,  it  must  be  remembered  that  the  plate  or 
film  is  first  placed  in  an  alkaline  developing  solution,  in  which 
it  remains,  if  time  development  is  used,  about  5  min.    If 

»  H.  R.  Procter  and  J.  A.  WUson,  /.  Am.  Leather  Chcm.  Assoc.,  11 
(1918),  399. 


stand  development  is  used,  it  remains  a  longer  time,  15  to 
25  min.,  in  a  much  less  concentrated  developing  bath.  It  is 
then  rinsed  in  water  and  tran.sferred,  UHually,  to  an  acid 
fixing  bath.  The  acidity  of  this  is  not  very  high  (pll  4  to 
5,  see  later),  but  in  any  case  the  gelatin  has  to  pass  back 
through  the  isoelectric  point  of  minimum  swelling.  Before 
considering  what  effect  such  variations  may  produce,  it  will 
be  well  to  note  the  order  of  magnitude  of  normal  swelling 
with  photographic  films,  and  its  cli.ange  with  time.  Since 
under  normal  conditions  the  gelatin  can  only  swell  perpen- 
dicularly to  the  plane  of  the  plate  or  film,  the  swelling  can 
be  measured  either  by  weighing  or  by  measuring  the  thick- 
ness. In  Fig. .')  is  shown  the  rate  of  swelling  of  a  photographic 
emulsion  followed  by  ueighl.  In  this  ca.se  sodium  carbonate 
solution  was  used,  this  being  a  generally  used  alkaline  com- 
ponent of  developers.  In  Figs.  6  and  7  are  illustrated  the 
course  of  swelling  of  an  emulsion  in  sodium  sulfite  solutions, 
and  in  a  pjTogallic  acid  de\-eIoper  with  sodium  sulfite. 
All  these  determinations  were  made  by  the  weighing  method. 
This  procedure  is  time-consuming,  and  not  applicable  where 
it  is  desired  to  follow  the  progress  of  swelling  sinmltaneously 
with  an  actual  photographic  operation — e.  g.,  development. 
To  accomplish  this  the  writer  has  designed  an  instrument 
to  measure  the  thickness  at  any  stage.  This  instrument, 
which  may  be  termed  an  auxometer,  is  illustrated  in  Fig.  8. 
It  consists  of  a  micrometer  carrying  a  delicate  balance  beam; 
at  one  end  is  a  silica  rod,  with  a  small  foot  just  in  contact 
with  the  film  surface,  at  the  other  is  a  counterpoise.  Any 
increase  in  thickness  (swelling)  throws  this  off  balance,  the 
deflection  being  optically  magnified.    Balance  is  restored  by 
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the  micrometer  screw,  and  the  change  in  thickness  read. 
Id  Fig.  9  is  shown  the  swelling  of  a  film  in  an  acid  solution. 

It  is  not  possible  here  to  deal  with  the  data  obtained  in 
relation    to    photographic    development.    Certain    obvious 
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deductions  from  the  data  given  are,  however,  of  interest. 
First,  it  will  be  seen  that  gelatin  films  and  emulsions  tend  to 
assume,  if  not  an  equilibrium,  at  least  a  stationary  value, 
fairly  rapidly.  In  solutions  of  alkaline  carbonates  and  sul- 
fites, although  alkaline,  the  swelling  is  less,  for  concentrations 
above  5  per  cent,  than  in  water,  and  this  depressing  effect 
increases  rapidly  with  the  concentration  of  the  salt.  This 
effect  is  taken  advantage  of  in  preparing  developing  solutions 
for  use  at  high  temperatures,  as  in  the  tropics.  It  may  be 
further  noticed  that  the  maximum  swelling  developed  with 
gelatin  on  rigid  supports  tends  to  be  considerably  less  than 
that  obtained,  at  the  same  temperature  and  pH,  with  gelatin 
not  attached  to  a  rigid  support.  In  the  latter  case  there  is 
some  dilation  in  all  directions,  whereas  the  photographic 
layer  can  only  swell  normally  to  the  support.  If  by  any 
means-"  the  swelling  is  forced  beyond  the  limit  compatible 
with  this  normal  swelling,  so  that  the  tangential  swelling 
pressure  comes  into  play,  two  things  may  happen — the  gelatin 
may  frill  and  float  off  the  supjsort,  or  reticulation  may  occur. 
This  is  the  production  of  a  network  pattern  over  the  film, 
which  spoils  the  appearance,  particularly  since  the  silver 
particles  of  the  image  concentrate  in  the  ridges.  Such 
reticulation  is  particularly  marked  after  treatment  of  gelatin 
with  a  tanning  agent,  followed  by  warm  water. 

Fixation 

The  use  of  an  on'd-fixing  bath,  primarily  to  keep  domi 
developer  stain,  involves,  as  already  stated,  passage  of  the 
gelatin  througli  the  isoelectric  point  of  nainimum  swelling 
(pH  =  4.8).  Evidently,  if  the  acidity  were  considerable,  so 
that  pH  approached  3-2,  the  swelling  pressure  might  increase 
sufficiently  to  cause  trouble.  Actually,  however,  the  pi  I 
of  a  fi.xing  bath,  containing  sodium  thiosulfate  and  sodiuni 
sulfite,  cannot  be  much  less  than  4,  for  otherwise  sulfur  would 
be  precipitated.  The  influence  of  the  swelling  factor  on  the 
rate  of  fixation  (solution  of  silver  bromide  in  "hypo"  solution) 
is  brought  out  in  Figs.  10  and  11.  The  time  of  fixation  is  a 
minimum  for  a  concentration  of  thiosulfate  of  about  40  per 
cent,  above  which  it  again  increases.  This  is  due  to  the  fact 
that  from  tliis  point  on  the  reduction  of  swelling  more  than 
compensates  for  inoAi  action. 

The  relatively  anti-swelling,  or  temporary  hardening  effect 
of  the  acid-fixing  bath  is  generally  reinforced  by  the  addition 


of  true  hardening  (tanning)  agents,  such  as  potash  alum, 
clirome  alum,  or  formalin.  The  hardening  action  of  alums 
is  of  great  importance  photographically,  and  the  writer  and 
his  collaborators  are  making  an  extended  study  of  the  physico- 
chemical  conditions.  The  influence  of  the  H-ion  activity, 
(measured  wth  a  hydrogen  electrode)  on  the  hardening  action 
of  a  solution  of  potash  alum  (K2S04.Al2(S04)3.24H20)  is 
shown  in  Fig.  12. 

The  melting  points,  given  as  ordinates  of  the  curv'e,  were 
not  determined  as  noted  pre^^ously,  but  directly  in  water  in 
which  the  jelly  was  immersed  after  it  had  been  soaked  a 
given  time  in  the  hardening  bath.  This  corresponds  to  the 
conditions  in  photographic  practice.  It  will  be  seen  that 
all  the  solutions  give  a  maximum  at  the  same  pH,  about 
4.0;  this  was  not  changed  by  altering  the  pH  of  the  gelatin 
by  previous  immersion  in  acid  or  alkaline  solutions.  In 
absence  of  alum,  the  maximum  occurs  at  a  pH  of  4.7  to  4.8, 
so  that  the  displacement  by  the  aluminium  seems  definite. 
From  J.  Loeb's  work  on  the  influence  of  cations,  and  specifi- 
cally of  A1+++  on  the  properties  of  gelatin,^'  it  would  seem 
we  should  anticipate  the  maximum  hardening  at  a  pH  >  4.7, 
for  pH  >  4.7  gelatin  combines  only  with  cations,  pH  <  4.7, 
only  with  anions. 

A  consideration  of  the  state  of  aluminium  itself  in  relation 
to  H-ion  acti\'ity  is  necessary  here,  and  is  roughly  indicated 
in  the  diagram: 

Gelatin  I  Gelatin 

Combines  with  Combines  with 

Anions  I  Cations 
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id   F.  A.  F.lliotl.  "The  Reticulation  of  Gelutii 
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Fig.  13 — Curves  1,  2,  3,  4:   3  Per  cent  Alum  and  O.S  Per  cent  Citric. 

Curves  1,  3:   1  Per  cent  Sodium  Sulfite.     Curves  2,  4:  2  Per 

cent  Sodium  Sulfite.     Curves  3,  4:  25  Per  cent  Hypo 


Aluminium  commences  to  precipitate  as  In'drous  alumina, 
at  pH  =  3;  precipitation  is  complete  at  pH  =  7,  beyond  which 
alumina  goes  into  solution  as  aluminates.  Between  pH  =  3 
and  pH  =  7  there  probably  exist  complexes,  of  the  type 
A1++'*'  [AljOsl-r,  which  are  positively  charged,  and  could  com- 
bine with  a  negatively  charged  gelatin  ion.^^  The  present 
results  point  definitely,  however,  to  combination  of  Al  with 
gelatin  at  a  pH  <  4.7,  and  it  appeans  possible  that  this  is  a 
mean  value,  and  that  some  gelatin  capable  of  combination 
with  cations  exists  for  pH  <  4.7.  We  do,  however,  find  that 
the  addition  of  sodium  sulfite  and  sodium  thiosulfate,  as  used 
in  making  an  acid-fixing  and  hardening  bath,  displaces  the 
pH  of  maximum  hardening  to  values  g4.7  (Fig.  13).  This 
is  possibly  due  to  stabilization  of  the  positively  charged 
Al  complexes,  and  is  under  investigation.  There  is  another 
interesting  point  in  this  connection.  In  an  acid-fixing  bath 
pH  cannot  be  much  less  than  4,  otherwise  svlfur  will  be  pre- 
cipitated from  sodium  thiosulfate.  Yet,  if  pH  is  >  4,  alumina 
will  tend  to  precipitate  and  the  bath  ■nUl  become  useless. 
This  impasse  is  overcome  by  using  as  the  acidifier  such  organic 
acids  as  citric,  tartaric,  etc.,  which  form  complexes  with 
aluminium  and  prevent  precipitation  bj'  hj'droxyl  ions. 
This  complex  formation  lowers  the  hardening  action,  as 
shown  in  Fig.  14,  since  the  complex  formation  removes 
A1+++  ions,  and  it  is  necessary  to  increase  the  alum  content 
to  secure  effective  hardening.  Loeb-"  has  suggested  that 
the  antagonistic  effect  of  citric  acid  on  the  combination  of 
gelatin  with  aluminium  is  due  to  its  being  tribasic,  neutrahzLag 
a  trivalent  cation.  This  is  not  the  case.  The  antagonistic 
action  is  due  to  the  complex  formation,  and  is  shown  by  other 
monobasic  and  dibasic  organic  acids,  particularly  hydroxy 

"  The  formation  of  complex  al 
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Fig.  14 — Influence  of  Citric  Acid  on  Hardening  of  Gelatin  bv  Alum 
(0.5  AND  I  Per  cent  Citric  Acid) 


acids.  The  hardening  action  of  chromium  salts  is  governed 
by  similar  conditions,  with  certain  singularities  under  investi- 
gation, and  the  beha\'ior  of  dichromated  gelatin  is  closely 
connected  with  these  tanning  reactions.  It  is  now  in  order 
to  note  briefly  the  operations  of  washing  and  drying  gelatin 
plates  and  films.  Washing  out  substances,  such  as  "hj-po," 
etc.,  from  gelatin  follows  in  general  the  law  regulating  the 
washing  of  precipitates.  Two  things  may,  however,  be 
noted.  On  washing  out  strong  electrolytes  from  gelatin, 
it  win  tend  to  approach  the  isoelectric  point,  but  if  hy- 
drolyzable  substances  are  present,  the  gelatin  will  retain 
unequal  amounts  of  the  basic  or  acidic  constituents,  the 
excess  depending  upon  conditions. 

It  has  been  impossi- 
ble, in  the  space  at  mj' 
disposal,  to  discuss  the 
many  important,  if  in- 
cidental, roles  played 
by  gelatin  in  devia- 
tions from  or  develop- 
ments of  the  straight 
process  of  negative 
making.  Such  are  the 
incidents  of  hydrolysis 
and  oxidation  of  the 
gelatin  in  photographic 
operations,  its  capacity 
for  absorption  and  fixa- 
tion of  dyes,  and  many 
others.  Again,  the 
simple  operation  of  drjing  shows  interesting  features, 
of  which  one  only  may  be  mentioned  as  bearing  upon 
the  so-called  structure  of  gelatin  jellies.  Fig.  15  illus- 
trates three  typical  suggested  structures — viz.,  the  koney- 
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comb  or  alveolar,  the  filamentous,  fibrillar,  or  felt  structure, 
and  the  granular  structure.  Appeal  is  made  to  these, 
variou.sly,  to  explain  certain  properties  of  jellies."  In 
particular,  the  honeycomb  or  cell  structure  has  been  cited  in 
explanation  of  the  effects  of  the  concentration  at  setting  on 
the  swelling  of  dried  jellies.  A  jelly  at  5  per  cent  concentra- 
tion on  drying  and  reswelling  again  halts  at  5  per  cent,  a 
10  per  cent  one  at  10  per  cent,  etc.  It  has  been  suggested 
that  in  the  more  dilute  jellies  a  more  open  structure  of  larger 

"  "Physics  «nd  Chemistry  of  Colloids."  Report  of  general  discussion 
by  the  Faraday  Society  and  the  Physical  Society,  London,  p.  40.  (Depart- 
ment of  Science  and  Industrial  Research,  Great  Britain.) 


cells  is  formed.  In  a  recent  paper  the  writer  and  F.  A. 
Elliott^'  have  explained  this  as  being  a  result  of  external  case- 
hardening.  Under  ordinary  drying  conditions  a  nonuniform 
drying  forms  a  permanently  set  skin,  conserving  the  original 
surface  extension  of  the  piece  of  jelly,  and  this  limits  the 
subsequent  dilation  on  swelling.  An  internal  structure  is 
therefore  an  unnecessary  hypothesis  for  the  explanation  of 
the  concentration  effect. 

•<  J.  Am.  Chem.  Sec.  44  (1922),  373.  Dr.  T.  Slater  Price,  director  of  the 
British  Photographic  Research  Association,  has  called  the  writer's  attention 
to  previous  notice  of  the  edge  drying  of  gelatin  jellies  by  R.  Liesegang, 
KoUoid.-Z.,  7  (1910),  305;  Liesegang,  however,  does  not  seem  to  hare  re- 
lated this  to  the  concentration  effect. 


A  New  Calculating  Chart'' 

By  E,  L.  Rice 

316  Machinists  Bldo.,  Washington,  D.  C. 


THIS  CHART  accel- 
erates multipUcation, 
division,  finding  of 
decimal  and  metric  equiva- 
lents, conversion  between 
different  unit«,  finding  of 
roots  and  powers;  permits 
of  multiple  operations  in 
one,  and  the  solving  of  any 
problem  in  triangulation. 
The    accuracy    is   of    the 

same  order  as  that  of  a  slide  rule,  and  the  device  has  the  added 
advantage  of  no  movable  parts,  and  the  consequent  freedom 
from  error  due  to  warping.  The  full-sized  chart  has  a  further 
commendable  feature  in  that,  owing  to  the  individuality  of 
the  divisions,  most  of  the  operations  may  be  made  at  a  glance, 
and  therefore  much  more  rapidly  than  can  otherwise  be  done. 
The  chart  is  divided  into  four  sets  of  lines:  namely, 
slant  lines,  which  are  factors,  and  may  be  divisors,  angles, 
quotients,  centimeters,  kilowatts,  denominators,  decimal 
equivalents,  or  other  factorial  elements;  radial  lines,  which 
are  also  factors  and  may  perform  substantially  the  same  func- 
tions as  the  slant  lines;  vertical  lines,  which  may  be  used  as 
products,  dividends,  lesser  sides  of  triangles,  inches  in  metric 
conversion,  horse-power  hours,  numerators,  the  lesser  de- 
nomination in  all  conversions,  and  other  functions;  two  curves 
running  from  one  lower  corner  to  the  other,  the  upper  curve 
being  the  cube  root  curve,  which  is  used  to  obtain  cubes 
and  cube  roots,  and  the  lower  curve  the  square  root  curve, 
which  is  used  to  square  numbers  and  to  extract  square  roots. 

,  Line  Divisions 

Each  of  the  three  sides  of  the  chart  is  divided  into  tenths 
and  hundredths,  and  the  slant  side  and  ba.se  of  the  chart 
are  also  divided  into  two-hundredths.  The  degrees  along  the 
left  side,  under  II,  are  sines  of  angles  from  6  to  90,  and  are 
divided  into  tens  and  units  up  to  6.5.  Along  the  base  of  the 
chart,  under  B,  the  tangents  of  angles  from  6°  to  44°  are  given 
and  are  divided  into  tens  and  units.  The  heavy  black 
lines  dividing  each  side  of  the  chart  into  tenths  are  one-one- 
hundredth  wide,  and  are  designated  by  large  numbers  set 
m  circles.  The  thin  wliite  lines  run  through  the  center  of  the 
black  lines  to  the  point  itself,  and  the  edges  of  the  heavy  black 

'  RecelTtd  Octohtr  3,  1922. 
•  Copyright  1822,  li.  L.  Rice. 


Mechanical  calculations  are  of  growing  importance  in  industrial 
and  theoretical  chemistry,  and  reliable  methods  for  saving  time  with- 
out a  sacrifice  of  accuracy  are  much  appreciated.  We  are  glad, 
therefore,  to  present  a  new  calculating  chart,  together  with  rules  for 
its  use  and  examples  of  its  application  in  the  various  branches  of 
mathematics. 

Our  illustration  is  a  reduction  from  a  34-in.  wall  chart  which  in 
this  larger  size  facilitates  following  the  lines  and  curves  and  malies 
possible  calculation  at  a  glance.     (.Editor.) 


lines  are  each  one-two- 
hundredth  distant  from 
the  point,  so  that  at  large 
number  4,  for  instance,  the 
edges  of  the  black  line  fall 
on  395  and  405. 

Division 


To  divide,  follow  the 
vertical  line,  which  is  the 
dividend,  and  locate  where 
it  crosses  the  given  sum  as  a  divisor,  which  may  be 
either  the  slant  or  the  radial,  and  read  the  quotient 
upon  either  of  the  two  factor  lines;  that  is  to  say,  if  the 
divisor  is  the  radial,  read  the  quotient  upon  the  slant,  and  if 
the  divisor  is  slant,  road  the  quotient  upon  the  radial.  Thus, 
for  illustration,  given  a  simple  problem  of  56  di\ided  by  8. 
Notice  the  diamond  midway  between  large  5  and  6,  and  next 
to  this  at  the  right,  the  line  from  the  6  point,  which  is  the 
line  representing  56.  FoUow  the  vertical  line  from  this 
point  to  where  it  crosses  the  slant  line  8  and  notice  that  it 
is  exactly  on  the  radial  line  7,  and  therefore  the  answer  or 
quotient  is  7  (Fig.  2').  Now  if  you  wish  to  divide  565  by 
8,  simply  read  a  little  further  over,  midway  between  the  6 
and  7  lines  to  the  right  of  large  5,  and  read  the  quotient  as 
70 . 6.  Thus,  the  simple  rule  for  division  is  to  follow  the  verti- 
cal for  the  dividend  to  the  point  of  intersection  of  either  a 
radial  or  slant  for  the  divisor,  and  read  the  quotient  upon  the 
other  of  either  the  radial  or  slant. 

Multiplication 
In  multiplication  the  process  of  division  is  reversed — 
that  is,  the  vertical  is  the  product  and  the  slant  and  radial 
are  the  two  factors.  It  is  immaterial  whether  the  radial  or 
the  slant  is  u.sed  for  the  multiplier,  although  it  is  preferable 
to  read  the  factor  having  the  greater  numlaer  of  digits  from 
the  top,  as  the  graduations  are  both  wider  and  more  easily 
read  by  reason  of  the  legends  at  the  ends  of  the  Unes.  Thus 
in  multiplying,  all  that  is  necessary  is  to  find  the  intersection 
of  a  slant  and  radial  representing  the  two  numbers  and  read 
the  product  upon  the  vertical.  For  instance,  8  radial  crosses 
7  slant  at  56  vertical  (Fig.  3).  Again,  if  there  are  two 
digits  to  each  number,  say  45  times  45,  the  two  cross  nearly 
upon  the  vertical  2  line,  and  the  answer  is  approximately 
2000,  or  exactly  2025.      Now  if  you  have  455  multiplied  hj 

■  See  page  1034  for  Figs.  1  to  29. 
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45,  perform  the  operation  in  two  steps.  In  the  first  step 
mtiltiply  the  given  numbers  and  read  the  product  as  approxi- 
mately 20,400,  since  j-ou  can  read  the  first  tliree  digits  cor- 
rectly from  the  chart.  In  the  second  step  multiply  the  last 
two  digits  of  each  of  the  given  numbers,  that  is,  multiply 
55  by  45,  and  read  the  answer  as  2475,  since  you  can  read  the 
first  three  digits  correctly  and  you  know  that  the  last  digit 
is  5,  because  the  last  digit  of  each  of  the  factors  is  5.  Then 
the  last  two  digits  of  this  second  product  are  the  correct 
fourth  and  fifth  digits  of  the  first  product,  so  you  know  that 
455  multiphed  by  45  equals  20,475  (Fig.  4)".  That  is  to 
say,  by  the  first  multipUcation  the  first  three  digits  are 
positively  determined,  and  by  the  second  multiplication 
the  last  two  digits  are  positively  determined,  so  that  by  com- 
bining operations  you  can  multiply  to  five  digits  with  accuracy 
upon  this  chart. 


Squares 

In  order  to  square  a  number,  follow  either  a  radial  line  or 
a  slant  Une  until  it  crosses  the  square  root  cur\-e — the  lower 
curve — and  read  the  answer  on  the  vertical.  For  instance, 
to  square  5,  follow  either  the  radial  5  or  the  slant  5  to  the  lower 
curve  and  you  will  find  that  they  cross  on  this  curve;  by 
following  the  vertical  line  through  this  jxiint  of  intersection 
the  square  of  5  to  be  25  is  found   (Fig.  7). 

Square  Roots 

If  you  desire  to  extract  the  square  root,  reverse  the  process; 
for  example,  assuming  that  you  desire  to  extract  the  square 
root  of  25,  follow  the  vertical  from  the  diamond  midway 
between  the  large  2  and  3,  to  where  it  crosses  the  square  root 
curve  and  read  the  answer  of  5  either  on  a  radial  or  a  slant 
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(Fig.  8).  It  will  be  noted  at  this  time  tliut  there  are  two 
difTerent  square  roots  of  every  like  set  of  numbers— that  is, 
25  has  one  root,  2.5  has  another  root— which  are  entirely 
distinct.  In  finding  square  roots,  numbers  having  an  even 
number  of  digits  to  the  left  of  tlic  decimal  point  arc  read 
on  the  scale  to  the  right  of  large  1 ;  numbers  having  an  odd 
number  of  digits  are  read  on  the  scale  to  the  left  of  large  1 . 

Cubes 

To  find  the  cube  of  a  number,  follow  the  slant  line  of  the 
given  number  until  it  crosses  the  cube  curve,  which  is  the 
upper  curve,  and  follow  the  vertical  lino  for  tlie  answer. 
Thus,  the  cube  of  5  is  found  by  following  the  slant  line  5 
until  it  crosses  the  cube  curve,  and  reading  the  answer  of 
125  on  the  vertical  line  (Fig.  10).  Do  not  try  to  cube  or 
extract  the  cube  root  by  reading  the  radial.  Either  the  radial 
or  the  slant  can  be  used  for  the  square  and  square  root,  but 
not  for  the  cube  and  cube  root. 

Cube  Roots 

In  cube  roots,  separate  the  number  into  groups  of  three 
digits  to  the  left  of  the  decimal  point,  and  if  the  left-hand 
group  has  three  digits,  then  follow  a  vertical  line  on  the  scale 
to  the  right  of  large  1  until  the  vertical  crosses  the  cube 
curve,  and  the  slant  gives  the  answer;  if  the  left-hand  group 
has  two  digits,  locate  the  vertical  line  on  the  scale  to  the  left 
of  large  1;  if  there  is  but  one  digit  in  the  left-hand  group, 
the  vertical  line  is  located  between  zero  and  the  1  line  to  the 
left  of  large  1. 

Higher  Powers 

Numbers  can  be  raised  to  higher  powers  by  combinations 
of  the  square  curve  and  the  cube  curve.  For  example,  to 
raise  a  number  to  the  sixth  power,  follow  the  slant  of  the  num- 
ber to  the  cube  curve,  follow  the  vertical  from  this  point  to 
the  top,  then  follow  the  radial  from  this  last  point  to  the 
square  curve,  and  follow  the  vertical  to  the  top,  where  the 
answer  may  be  read. 

Right  Triangles 

In  trigonometric  calculations  this  chart  solves  practically 
any  problem  that  can  be  solved  after  a  year's  study  of  trigo- 
nometry, and  the  solution  is  much  more  rapid.  A  simple 
rule  to  remember  in  right  triangle  calculations  is  that  the 
vertical  is  the  lesser  side  and  the  radial  is  the  greater  side, 
and  the  angle  is  read  upon  the  slant  line  through  the  inter- 
section of  the  vertical  and  the  radial  (Fig.  20).  It  will  be 
noted  that  at  the  left  of  the  chart,  under  H,  there  is  a  series 
of  graduations  indicating  degrees  (sines),  and  at  the  base 
of  the  chart,  under  B,  there  is  another  set  of  graduations 
in  degrees  (tangents).  In  right  triangle  calculations,  those 
under  H  are  used  if  the  hypotenuse  is  involved  as  a  given 
or  desired  quantity,  and  those  under  B  are  used  when  the 
base  is  involved,  and  the  hypotenuse  is  not.  When  both  the 
base  and  hypotenuse  are  involved,  the  graduations  under  H 
are  used,  and  the  angle  read  is  subtracted  from  90°  to  obtain 
the  angle  included  between  the  base  and  hypotenuse  of  the 
given  triangle.  It  makes  no  difference  which  two  sides  of 
a  right  triangle  are  given;  first  observe  which  is  the  greater 
and  which  is  the  lesser  side,  follow  the  vertical  of  the  lesser 
until  it  crosses  the  radial  of  the  greater,  and  the  slant  line, 
through  the  point  of  intersection,  gives  the  angle.  If  the  angle 
is  determined  from  the  H  scale,  as  described  above,  it  is  the 
angle  between  the  base  and  hypotenuse  of  the  triangle; 
if  determined  from  the  B  scale  it  is  the  smallest  angle  of  the 
triangle.  If  the  angle  is  given  and  the  greater  side  is  g  ven. 
follow  the  radial  of  the  greater  side  until  it  crosses  the  slant 


of  the  angle,  and  the  vertical  will  give  you  the  lesfler  side. 
For  example,  given  a  base  of  4  and  an  altitude  of  3,  find  the 
smallest  angle  of  the  triangle;  UiWitw  the  vertical  3  U)  where 
it  crosses  the  radial  4,  and  follow  the  slant  from  this  point  to 
the  scale  at  the  bottom  of  the  chart,  since  in  this  problem 
the  base  of  the  triangle  is  involved,  and  the  angle  is  found  to 
be  approximately  37°  (Fig.  21). 

Oblique  Trianoles 

In  the  solution  of  oblique  triangles,  if  a  side  and  its  opposite 
angle  are  not  given,  break  it  up  into  right  triangles  and  solve. 
If  a  side  and  its  oppwsite  angle  are  known,  follow  the  slant 
of  the  angle  lo  where  it  meets  the  vertical  of  the  opposite 
side  and  locate  the  radial  through  this  point;  then  each  angle 
will  intersect  its  opposite  side  on  this  same  radial.  In  this 
solution  the  verticals  always  represent  the  sides,  and  the 
angles  are  always  read  under  the  H  scale,  because  from 
geometry  these  angles  are  the  only  functions  that  have 
thesame  ratio  as  the  opposite  sides.  For  example,  given  an 
oblique  triangle  having  one  angle  of  40°,  another  angle  of 
60°,  and  a  side  of  50  opposite  the  last  given  angle.  Since  you 
know  two  angles,  find  the  third  by  subtracting  the  sum  of 
40°  and  60°  from  180°,  which  is  80°.  Now  follow  the  60° 
slant  to  where  it  crosses  the  50  vertical  line,  follow  the  radial 
through  this  point  to  where  it  crosses  the  40°  slant,  and  read 
the  vertical  through  this  last  point  to  obtain  the  side  opposite 
the  40°  angle;  this  side  will  be  found  to  be  approximately 
37.  Now  follow  along  the  same  radial  mentioned  to  where 
it  crosses  the  80°  slant  line,  and  the  vertical  through  this  point 
gives  the  side  opposite  the  80°  angle;  this  last  side  will  be 
approximately  57  (Fig.  25). 

Condensed  Rules 
.\rith.metic 

Multiplication — Slant  and  radial  lines  are  factors;  vertical 
is  product.  Either  factor  may  be  multiplier  and  the  other 
multiplicand   (Fig.  3). 

Division — Vertical  is  dividend;  either  slant  or  radial  may  be 
di\nsor  and  the  other  slant  or  radial  the  quotient   (Fig.  2). 

Factoring — Lines  intersecting  on  the  vertical  are  its  factors. 
AU  factors  are  determined  at  a  glance  by  running  the  eye  down 
the  vertical.  Factoring,  however,  is  now  useless,  as  addition 
and  subtraction  of  fractions  are  done  at  a  glance  without  the 
necessity  of  finding  the  L,.  C.  M.  or  G.  C.  D. 

Fractions — Common  fractions  preferably  read  with  vertical 
as  numerator,  radial  as  denominator,  and  slant  as  quotient 
or  decimal  equivalent  (Fig.  1). 

Addition  and  Subtraction— Kead  decimal  equivalent  on  slant, 
and  add  or  subtract  decimals  (Fig.  6). 

Multiplication — Follow  slant  through  intersection  of  vertical 
numerator  and  radial  denominator  of  one  fraction  to  square 
root  ciu-ve,  and  follow  radial  from  square  root  curve  to  inter- 
section of  slant  from  other  fraction;  read  product  on  vertical. 
Square  root  curve  transfers  decimal  from  slant  to  radial  and 
thereby  multiplies  the  two  decimals  (Fig.  27). 

Division— FoWovi  slant  of  dividend  fraction  to  base  of  chart 
and  vertical  from  there  to  intersection  of  slant  decimal  of  divisor; 
read  quotient  on  radial. 

Proportion — The  means  and  extremes  intersect  on  the  same 
vertical  (Fig.  5). 

Interest— Months  given,  read  6ths  of  year;  thus  4  mo. 
equals  2/6,  5  mo.  equals  2.5/6.  Days  given,  read  vertical 
of  number  of  days  over  intersection  of  365  radial.  This  de- 
termmes  slant.  Follow  slant  until  it  intersects  radial  of  rate 
of  interest.  Follow  vertical  from  this  intersection  to  top  and 
back  on  radial  to  slant  of  given  sum.  Read  answer  on  vertical 
(Fig.  29). 
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Conversions — Read  lower  denomination  or  greater  number 
on  vertical,  and  higher  denomination  or  lesser  number  on  slant 
over  conversion  factor  (Fig.  17);  thus,  days  on  vertical  and 
years  on  slant  through  intersection  of  vertical  and  radial  con- 
version factor  365.  ^ 

Roots  and  Powers — Square  and  cube  roots  and  powers  read 
directly  from  square  and  cube  curves.  Either  radial  or  slant 
is  factor  in  square  roots  and  powers.  Slant  only  is  cube  root 
(Figs.  7  to  12). 

Higher  Powers — 5th  power;  read  to  square  curve  twice  and 
then  to  root  line.  6th  power:  to  cube  and  then  to  square  curve 
(Fig.  13).  7th  power:  to  cube  curve,  then  to  square  curve,  and 
then  to  root  line.  8th  power:  to  cube  curve,  to  square  curve, 
and  to  root  line  twice. 

AlXEBRA 

Resolve  fractions  as  in  multiplication  and  division  of  fractions 
and  resolve  equations  as  in  proportion. 


Geometry 

Circles,  Spheres — Read  circumference  on  vertical  and  diam- 
eter on  slant  over  radial  jr  line  (Fig.  15). 

Area  of  Circle — Radial  radius  to  square  curve,  then  up 
vertical  and  down  radial  to  slant  t  line;  answer  on  vertical 
from  IT  (Fig.  14). 

Trigonometry 

Right  Triangles — Vertical  is  lesser  side,  radial  is  greater 
side,  slant  is  angle.  Read  B  angles  if  base  is  involved  as  given 
or  desired  quantity,  H  angles  if  hypotenuse  is  involved,  H  com- 
plementar>'  angles  if  both  base  and  hypotenuse  are  involved. 
Hypotenuse  always  the  greater  side.  Base  greater  than  alti- 
tude under  45°,  and  lesser  over  45°  (Figs.  20  to  24).  <"] 

Oblique  Triangles — All  angles  and  their  opposite  sides 
intersect  on  the  same  radial;  angles  under  H  are  read.  If  side 
and  opposite  angle  are  not  given,  break  into  right  triangles 
(Figs.  25  and  26). 


A  Simple  Graphical  Method  of  Calculating  the  Number  of 
Plates  Required  for  a  Distilling  Column' 


By  W.  H.  Rodebush^ 

Chbuistky  Dkpartment,  UmvBRsrry  op  Illinois,  Urbana,  Illinois 


IN  HIS  recent  book  on  distillation,'  Clark  S.  Robinson 
treats  the  theory  of  a  continuously  operated  column  by 
a  method  developed  by  W.  K.  Lewis.  This  method  ap- 
pears somewhat  involved  and  is  strictly  applicable  to  a  col- 
umn with  an  infinite  number  of  plates.  Now  the  rectification 
in  an  ordinarj'  continuously  operated  column  with  a  limited 
number  of  plates  is  a  step-by-step  process  from  plate  to  plate, 
and  the  following  method  of  treatment,  while  not  essentially 
different,  appears  simpler  and  more  exact. 

Let  the  rate  of  flow  be  expressed  in  mols  per  unit  time  and 
the  composition  by  the  mol  per  cent  of  the  more  volatile 
constituent.  Following  the  notation  of  Robinson,  let  V;, 
be  the  rate  of  flow  of  the  vapor  of  composition  yt,  upward 
from  plate  b,  R(,  the  rate  of  reflux  of  liquid  of  composition 
Xi,  downward  from  the  same  plate,  and  V^  be  the  output  of 
composition  t/c  from  the  top  of  the  column  per  unit  time. 

From  an  inspection  of  Fig.  1  the  conditions  to  be  satisfied 
for  a  steady  operation  of  the  column  are  readily  set  do\\Ti. 
The  first  condition  is  that  the  liquid  leaving  any  plate,  as  6, 
for  the  plate  below,  is  in  equilibrium  with  the  vapor  leaving 
this  same  plate  for  the  plate  above.  This  is,  of  course,  a 
limiting  condition  reached  only  with  a  column  which  is  func- 
tioning perfectly,  but  it  may  be  approached  in  a  column 
properly  designed  and  operated,  and  de\'iations  from  this 
eondifinn  may  be  corrected  by  allowing  a  constant  factor  for 
irnprrfcct  performance.  This  condition  may  be  expressed 
mathematically  by  the  equation 


y*  -  '» 


(1) 


where  I  is  the  difference  between  vapor  and  liquid  composi- 
tion when  the  two  phases  are  in  equilibrium.  In  Fig.  2,  I  is 
plotted  as  ordinate  against  r,  the  liquid  composition  for  ben- 


•  Received  April  24,  1922. 

•  Associate  Professor  of  Physical  Cbem 

•  "KlemeoU  of  Fractional  Distillation,' 


zene  and  toluene.  The  data  used  are  those  obtained  by 
Rosanoff.^  This  diagram  is  fundamental  in  calculating  the 
conditions  necessary  for  the  separation  of  two  liquids,  and, 
where  the  data  are  not  to  be  found  in  the  literature,  they  may 
be  obtained  in  a  few  hours  in  the  laboratory  with  sufficient 
accuracy  by  distilling  in  an  ordinary  distilling  flask  small 
portions  successively  from  a  large  amount  of  liquid  whose 
composition  varies  slowly,  and  determining  the  composition 
of  distillates  and  residues. 

In  addition,  the  two  following  equations  given  by  Robin- 
son hold  for  any  cross  section  of  the  column  as  s  in  Fig.  1. 


V„  -  Rft  =  Vc 
VflVa  —  RbXb=  Wye 


Solving  these  equations, 


H 


ya  -  {yc  -  ya)  j^ 


(2) 
(3) 

(4) 


isiry. 

'  McGraw-Hill  Hook  Co  . 


Suppose  the  vapor  entering  the  column  above  plate  a  has 
the  composition  j/^.  For  an  infinite  amount  of  reflux  or  zero 
output,  the  last  term  in  Equation  4  becomes  zero  and  we  have 
^b  =  iJa-  This  value  is  obtained  geometrically  (Fig.  2)  by 
measuring  off  with  a  pair  of  di\'iders  the  distance  l,  along  x 
from  Xa-  By  repeating  this  process  of  laying  off  In  along  x 
from  x„  until  Vc  is  reached,  we  get  the  minimum  number  of 
plates  for  infinite  reflux,  each  measurement  corresponding 
to  a  plate. 

Of  more  practical  significance  is  the  limiting  ratio  of  out- 
put to  reflux  possible  when  the  number  of  plates  is  infinite. 
If  the  number  of  plates  is  very  large,  the  composition  of 
liquid  varies  but  slightly  from  plate  to  plate  and  in  the  limit 
Xa  =   rfr.     Hence  Equation  4  becomes: 

'/    /Im.C/iem.  5o<-.,  36  (1914).  1999. 
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Xa  =  ya  -  (yc  -  ya) 


Rfc 


(5) 


(6) 


OwinK  to  the  api)roxiinate  validity  of  Trouton's  rule  for  heat 
of  vaporization,  the  vapor  and  liquid  flows  will  not  vary 
appreciably  from  plate  to  plate  throughout  the  column  for 
liquids  whose  boiling  points  are  not  far  apart.'    A  constant 

reflux  throughout  the 
column  being  assumed, 
the  actual  ratio  Vc/R 
will  be  fixed  by  the 
plate    in   the    column 

where is  a  mini- 

Vc  -  V 
mum.  That  is  to  say, 
the  output  of  any 
constituent  per  unit 
time  cannot  be  greater 
than  the  net  amount 
of  that  constituent 
which  rises  past  any 
plate  in  the  same  time. 

"°  '  will  be  a  mini- 

Vc  -  y 
mum  at  the  point  on  the  diagram  (Fig.  3)  where  the  angie 
yycx  is  a  minimum.^  The  limiting  ratio  Vj/R  having  been 
determined  by  this  method  for  an  infinite  number  of  plates, 
the  number  of  plates  actually  required  in  a  working  column 
may  be  calculated  graphically  by  the  following  modification 
of  the  method  described  above. 


b 

-  s 

a 


y=V 

aporC 

ompos 

ihon 

/ 

^ 

^^ 

^ 

>^ 

/ 

1/ 

y 

i 

'\ 

X 

-^ 

liquid  Composition  Mol  Percent  Benzene^  x 
Fig.  2 — Benzene-Toluene 

In  Fig.  3  we  have  the  vapor-Uquid  composition  diagram 
for  ethanol  and  water  according  to  the  data  given  by  W.  K. 
Lewis.'  Let  the  vapor  entering  the  column  be  of  composi- 
tion y  =  46.5  per  cent,  the  output  yc  =  86  per  cent.    Then 

V 
the  limiting  ratio  of  ^'  for  an  infinite  number  of  plates  is 

•  This  generalization  can  only  be  applied  satisfactorily  to  those  liquids 
which  Hildebrand  has  called  normal  liqutis.  {J.  Am.  Chem  Soc,  37  (1915), 
970.  ]  Water  and  ethanol  differ  markedly  from  the  normal  liquids  but  their 
values  for  the  molal  heats  of  vaporization  do  not  differ  from  each  other 
enough  to  invalidate  the  above  approximations  for  alcohol-water  mixtures. 
W.  A  Peters.  Jr..  has  suggested  expressing  the  composition  in  units  of 
equal  heat  of  vaporization  instead  of  mols.  This  would  solve  the  problem 
quite  satisfactorily  except  in  the  case  of  a  substance  such  as  acetic  add, 
which  has  an  abnormal  vapor  density  that  varies  with  temperature  and 
pressure.  The  heat  of  vaporization  is  likewise  a  variable  quantity  and 
the  composition  would  have  to  be  expressed  in  a  variable  unit. 


when 


•  It   can   be   shown  mathematically  that  y    _  y  is 

1  I 

but        —  y  +  I  '^  t''^  tangent  of  the  angle  yy^x. 

en  the  angle  yy,x  is  £ 


Vc-  y  +  ' 


given  by  at  the  point  x  =  78  per   cent,  where  the 

Vc-y 

angle  yn  j/^zn  is  a  minimum.    Here  ^   =  —(approximately). 

V  1 

Assume  now  a  working  ratio  ^  =  -=■■     Proceed  a.s  above  to 
R         7 

find  the  point  x  =  y^  =  46.5  per  cent.    Now  from  Equation 

5,  xj  =  j/o  —  {Vc  —  Va)  D  '  ^i>  '^  evidently  to  the  left  of  the 
K 

V, 

pomt  X  (=  ya)  by  the  amount  (y^  -  Va)  ^^  ■     (Vc  -  2/a)  is  the 

K 

distance  from  j/j  to  the  point  x  =  y,.    Then  xj  will  lie  at 

(V  \  8 

1  +  p-M  (.yc  -  Va)  horn  yc  or  -  (p  -  Va). 

Draw  a  line  j/^z  at  such  an  angle  with  the  i  axis  that  its 

o 

secant  is  — .    Then  with  a  pair  of  dividers  lay  off  a  distance 

from  j/e  on  the  x  axis  equal  to  the  distance  y^zl  where  ?1  is  the 
intersection  of  ycZ  with  the  perpendicular  to  the  x  axis  at 
X  =  ya-  Then  x/,  will  be  at  the  point  located.  The  proof 
is  obvious  by  geometry. 

The  process  is  then  repeated,  starting  with  yt,  the  compo- 
sition of  vapor  in  equilibrium  with  x;,,  and  continued  until 
yc  is  reached.    Each  construction  corresponds  to  a  plate  in 


20       30      •*? 

Xb   X'Yo       Xc  ^,     __      Xn 
Liquid Comtiositton  Mol  Per  cent akohol 

Fig.  3 — Etbanoi.  Watbr 


the  column.  Approximately  15  plates  are  indicated  by  this 
method  as  necessary  to  produce  86  per  cent  alcohol'  from 
46.5  per  cent  with  a  ratio  of  output  to  reflux  of  1  to  7. 

The  foregoing  appUes  only  to  the  upper  portion  of  the 
column  above  the  entering  vapor.  For  the  lower  portion  of 
the  column  similar  equations  may  be  derived.  If  liquid  is 
being  drawn  off  from  the  bottom  of  the  column  at  a  rate 

Vo  =  Va  —  V^  of  composition  Xa  =      °  "     — ^— ',  then  if 

T  and  s  be  successive  plates  proceeding  downward  in  the 
column, 

ys  =  X,  ■\-  (vj  -  3f«)  ^  (7) 


Vo 

R 


-{Xr   —   Xo) 


(8) 


'  This  Journau,  12  (1920), 


If  R  is  assumed  to  be  constant  throughout  the  whole  column, 
the  number  of  plates  in  the  lower  portion  may  be  determined 
graphically  on  the  vapor  composition  diagram  by  a  method 
precisely  similar  to  that  employed  for  the  upper  portion. 

•  It  should  be  remembered  that  the  compositions  are  in  mol  per  cent. 
86  mol  per  cent  composition  is  equivalent  to  94  per  cent  by  weight. 
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Relation  of  Hydrogen-Ion  Concentration  to  Filter-Plant 

Operation' 


By  William  D.  Hatfield 
Watkr  Dkpartmknt,  City  op  Highland  Park,  Michigan 


MODERN  chemistry 
is  aiding  the  water- 
works chemist  and 
engineer  to  a  now  and  more 
accurate  idea  regarding 
the  coagulation  of  waters 
with  sulfate  of  aluminium. 
The  alkalinity  of  a  water 
exist-s  in  two  forms:  (1) 
the  hydrogen-ion  concen- 
tration or  pH  value,  and  (2)  the  reserve  alkalinity,  which 
is  the  buffer  value  of  the  water.  The  latter  has  been  deter- 
mined as  the  methyl  orange  alkalinity,  while  the  former  is 
the  value  which  apparently  controls  the  complete  precipita- 
tion of  aluminium  from  solution. 

Experiments  in  other  fields  of  chemistry  have  shown  that 
the  pH  value  of  the  solution  is  a  controlling  factor  both  in 
the  precipitation  and  filtration  of  gelatinous  materials.  If 
it  should  be  found  possible  to  determine  the  proper  pH 
value  for  the  coagulation  and  filtration  of  a  particular  water, 
we  should  have  a  simple  method  for  controlling  the  alum 
treatment.  In  case  of  waters  with  high  alkalinity,  it  may  be 
economical  to  reduce  the  alkalinity  by  the  addition  of  sul- 
furic acid  and  thereby  make  a  considerable  saving  in  alum. 

Colorimetric  methods  for  the  determination  of  pH  values 
of  water  using  the  buffer  solutions  of  Clark  and  Lubs''  or 
Sorenson'  are  most  accurate  for  the  trained  chemist  with  good 
laboratory  facilities,  but  the  author  highly  recommends  the 
Gillespie*  method,  "without  buffers,"  for  the  average  water- 
works laborator}'.  After  the  color  standards  are  made  up 
by  the  chemist,  an  operator  with  average  intelligence  can  be 
taught  that  5  or  10  ml.  of  the  mixing  chamber  water  plus  a 
certain  number  of  drops  of  an  indicator  should  have  a  cer- 
tain color  when  matched  with  the  standards. 

Before  beginning  the  experiments  on  the  operation  of  the 
plant,  preliminary  laboratory  tests  were  made  on  the  precipi- 
tation of  aluminium  hydroxide  from  a  solution  of  filter  alum, 
and  on  the  coagulation  of  artificially  prepared  waters.  Ti- 
tration curves  of  an  alum  solution  (0.855  g.  per  liter)  were 
made  with  0.1  AT  and  0.01  N  sodium  hj'droxide,  sodium  hicar- 
bonate,8odium  carbonate,  ammonium,  and  calcium  hydroxide. 
These  curves  show  approximately  the  same  deflection  with 
the  central  point  in  the  drop  of  the  curve  at  a  pH  of  7.0. 

The  data  in  Table  I  were  obtained  by  treating  500  ml.  of 
the  samples  of  waters  in  beakers  with  quantities  of  alum  vary- 
ing from  0  to  3.0  grain  per  gal.  The  waters  were  prepared 
from  distilled  water,  with  fuller's  earth  for  turbidities,  and 
sodium  bicarbonate  for  bicarbonate  alkalinities.  A  freslily 
prepared  alum  solution  (0.855  g.  per  liter)  was  used.  One 
milliliter  of  this  solution  in  5(X)  ml.  of  water  is  equivalent  to 
0.1  grain,  per  gal- 


U  is  known  that  the  pH  value  of  a  solution  is  a  controlling  factor 
in  precipitating  and  filtering  gelatinous  materials.  The  worl^ 
reported  below  was  undertaken  to  find  that  pH  ealue  at  which  best 
results  in  coagulation,  sedimentation,  and  filtration  were  obtained 
under  the  conditions  of  operation  of  the  Highland  Park,  Mich., 
filtration  plant.  When  similar  data  haoe  been  collected  on  numerous 
plants  operating  under  different  conditions,  the  value  of  the  pH 
determination  to  operation  will  become  more  definite. 
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The  data   in    Series    I, 
Table   I,    show    that    the 
quantity  of  alum  necessary 
to  produce  a  clear-cut  floe 
is   not   dependent   on  the 
turbidity,  and  that  in  each 
case  good  floceulation  began 
at  a  pH  value  of  from  7.6 
to  7.8.    It  does  not  neces- 
sarily   follow    that  in  the 
operation  of  a  fUter  plant,  where  other  factors  as  sedimen- 
tation enter,  more  alum  floe  will  not  be  necessary  to  adsorb 
the  liigher  turbidities. 

The  data  in  Series  II  and  III,  Table  I,  show  that  the  quan- 
tities of  alum  necessary  to  produce  a  clear-cut  floe  are  depen- 
dent on  the  methyl  orange  alkalinity  and  not  on  the  turbidity.- 
As  in  Series  I,  good  floceulation  in  each  case  began  atapH 
of  from  7.6  to  7.8.  This  means  that  in  cases  of  high  alka- 
linity large  amounts  of  alum  have  to  be  used,  not  as  a  coagu- 
lant, but  to  neutralize  the  alkalinity  of  the  water  and  bring 
the  pH  value  down  to  7.6  to  7.8,  where  floceulation  begins". 
The  truth  of  this  statement  is  shown  from  the  data  in  Series 
Ila,  Table  I.  The  sample  of  water  used  was  No.  4  of  Series 
II,  which  had  a  turbidity  of  45  p.  p.  m.  and  a  methyl  orange 
alkalinity  of  210  p.  p.  m.  The  original  pH  value  of  the  water 
was  greater  than  9.0.  Sulfuric  acid  was  added  to  the  water 
until  the  pH  reduced  to  8.2.  Alum  solution  was  then  added  to 
a  series  of  500  ml.  samples  in  quantities  from  0  to  3.0  gr. 
per  gal.  Good  floceulation  took  place  with  from  0.75  to 
1 .00  gr.  p(;r  gal.  alum,  again  at  a  pH  of  7.6  to  7.8.  This  same 
water,  before  treatment  with  acid,  required  2.75  gr.  per  gal. 
ofalum  for  floceulation. 

Tablb  1 


upl, 


Methyl  Orange         Gr.  per  Gal.        pH  of  Treate<t  Water 
Alkalinity       Alum  to  Coagulate     at  Which  a  Good 
Sample  Floe  First  Appeared 

'ity  constant,  turbidity  variable 

7.6to7.8 


e     Turbidity      ns 
Series  1— Methyl 

CaCO. 

orange  alkal 

2.5 
75 
1.50 
300 
600 

111 
111 
111 
111 
HI 

iVrtM  II  — 

Turbidity  constant. 

45 
45 
45 
45 

55 
107 
158 
210 

1.50 
1.50 
1..50 


7.6  to7.8 
7.6  to7.8 
7.C  to7.8 
7.6  to7.8 
ii/y  variable 
7.6  to7.8 
7.6  to  7.8 
7.6  to  7.8 
7.6  to7.8 


1.50 
nethyl  orange  alkali\ 
0.75 
1.25 
2.00 
2.75 

Series  Ila— Sample  4.  Series  II,  treated  with  IhSO)  to  pH  of  S.2 
1  45  ..  0  75  to  1.00  7.6  to  7.8 

Series  III — Turbidity  consloni,  methyl  orange  alkalinity  variable 

1  150  23  NoBoc  (7.4)' 

2  150  85  1.00  7.6  to  7.8 

3  150  138  1.50  7.6to7.8 

4  150  218  3.00  7.6  to  7.8 
'7.4   was  the  pH  value  of  the  untreated  water.     0.25  gr.  per  gal.  of 

alum  brought  the  pH  to  7.1,  but  in  no  case  was  there  a  floe  formed. 

In  Table  II  data  are  given  on  the  treatment  of  a  water 
haNing  a  turbidity  of  85  p.  p.  m.  and  a  methyl  orange  alkalin- 
ity of  112  p.  p.  m.  A  good,  clear-cut  floe  which  settled  readily 
was  obtained  between  the  pH  values  of  7.6  and  6.6  with  ap- 
plications of  alum  from  1.5  to  6.0  gr.  per  gal.  Below  the 
pH  value  of  6.45  the  floe  became  feathery  and  did  not  settle. 
The  pll  limits,  within  which  tiie  floe  coagulated  and  settled 
satisfactorily,  coincide  with  those  of  Blum^  for  the  complete 

•  }.  Am.  Chem.  Soc,  36  (1913),  1499. 
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precipitation  of  aluminium  hydroxide.  It  is  possible,  how- 
ever, that  the  complete  precipitation  of  the  aluminium  also 
takes  place  at  pH  values  much  lower  than  the  limits  given 
above. 


Tadlb  11 

(Sampli:  of  water 

used:     alkalinity  112  p.  p.  m.;  turbidity  85  p.  p.  ni.') 

Alum  Added 

Character  of 

pH  Value  of 

in  Gr.  per  Gal.' 

Coagulatioa 

Sedimentation 

Solution 

0.0 

S.4 

0.6 

8.2 

1.0 

7.8 

1.5 

Good 

Good 

7.5 

2,0 

Good 

Good 

7.4 

3.0 

Good 

Good 

7.0 

4.0 

Heavy 

Good 

ft. 8 

a.o 

Heavy 

Good 

6.7 

6.0 

Very  heavy 

Good 

6.6 

7.0 

Not  clear  cut 

Fair 

6.45 

8.0 

Feathery 

Poor 

6.35 

9.0 

Feathery 

Very  poor 

6.3 

10.0 

Feathery 

Very  poor 

6.25 

11.0 

Feathery 

Very  poor 

6.16 

'  The  solution 

used  was  made  by  addition  of  sodii 

im  bicarbonate  and 

fuller's  earth  to  distilled  water. 

»  Further  additi 

ion  of  alum  solut 

ion  gradually  peptiz 

ed  the  feathery  flock 

until  the  solution  showed  a  deep  turbidity  only." 

The  chemical  composition  of  the  raw  water  for  the  High- 
land Park  supply,  taken  from  Lake  St.  Claire,  is  practically 
constant  the  year  around.  Rains  have  little  or  no  effect 
on  the  turbidity  and  alkalinity,  though  high  winds  cause  the 
turbidity  to  rise  from  the  usual  5  to  20  p.  p.  m.  to  100  to  200 
p.  p.  m.  These  periods  of  high  turbidity  last  only  a  few  days. 
The  bacterial  content  to  the  water  ranges  as  follows: 

Agar  37°     10  to      1000  organisms  per  milliliter 

.\gar  20"  100  to  15,000  organisms  per  milliliter 

(B.  coli  average,  6  organisms  per  100  ml.) 

Because  of  this  constancy  of  chemical  composition  and  the 
ease  of  handling  the  bacteriological  purification,  it  is  pos- 
sible to  run  the  plant  for  a  month  at  a  definite  alum  treatment 
and  study  the  relation  of  pH  values  to  the  efTiciennies  of  coag- 
ulation, sedimentation,  and  filtration,  without  worrying 
about  changes  in  alkalinity  or  sudden  gross  pollution  of  the 
raw  water.  The  raw  water  has  a  methyl  orange  alkalinity 
of  83  p.  p.  m.  The  pH  value  of  the  water  in  the  summer 
months  is  as  high  as  8.4  and  gradually  decreases  with  tem- 
perature untU  at  1  °  C.  it  is  7.8.  Tliis  gradual  lowering  may 
be  due  to  the  increased  content  of  carbon  dioxide  in  the 
water  during  the  winter  months. 

Table  III  contains  data  on  the  coagulation  and  pH  values 
of  the  treated  water  coUected  at  the  end  of  the  mixing  cham- 
ber when  different  amounts  of  alum  were  added.  The  same 
results  have  been  obtained  in  laboratory  beaker  experiments. 
Coagulation  takes  place  at  a  pH  of  7.6,  confirming  the  data 
on  the  artificially  prepared  water.     In  all  experiments  it  is 


noticeable  that  flocculation  in  beakers  requires  conHiderably 
more  time  than  in  the  mixing  chamber.  The  reason  for  thin 
has  not  been  ascertained.  It  is  probably  due  to  a  number  of 
differing  factors,  as  stirring,  volume,  presence  of  floe  nuclei, 
concentration  of  alum  solution  added,  etc. 


Tablb  III 

>m  Added 

pH  Value  of 

Character  of  Ploc 

per  Cul. 

Treated  Water 

nt  i:rd  of  Miiing  Chamber 

0.0 

8.4 

None 

0.2 

8.2 

None 

0.8 

8.0 

Very  faint 

0.4 

7.8 

Paint 

0.6 

7.65 

Poor 

o.e 

7.6 

Pair 

0.68 

7.6- 

Good 

0.69 

7.55 

Large 

0.77 

7.4  + 

Large 

0.81 

7.4 

Large 

0.88 

7.4- 

Larxe 

0.95 

7.3 

Large 

1.01 

7.2 

Large 

1.19 

7.15 

Large 

TABI.B  IV — Coagulation  of  Raw  Water  in  Bbaxk«9  Jan(;ar-.-  18    1922. 

OrIGINAI,  TBHPBRATtTRB  1    0°  C. 

(Last  column  contains  data  on  the  floe  in  influent  to  filters  In  February  1922 
showing  comparison  to  beaker  experiments) 


of 


Alum  Added       pH  Vali 
in  Gr.  per  Gal.  Treated  Wati 


0.4 
0.5 


Floe  ii 
None  i 


3  hr 


7.35 
7.2 


in  3  hrs. 
None  in  3  hrs. 
Fair  floe  in  3  hrs 
Good  floe  in  1  hr 
Good  in  30  min. 
Good  in  30  min. 


Ploc  in 
Influent 

None 

Very  few  small   parti- 
cles of  floe 

Considerable      minute 
particles  of  floe 

I.arKe  quantity  of  fair- 
sized  floe 

Excellently  coagulated 
and  settled 

Excellently  coagulated 
and  settled 

Excellently  coagulated 
and  settled 

Excellently  coagulated 
and  settled 


At  winter  temperatures  the  pH  values  of  the  treated  water, 
as  well  as  the  raw  water,  are  lowered  as  is  seen  on  comparing 
Tables  III  and  IV.  The  time  of  reaction,  both  in  beakers 
and  in  the  mbdng  chamber,  is  prolonged.  The  last  column 
in  Table  FV  shows  that  coagulation  takes  place  after  the 
water  leaves  the  mixing  chamber,  and  also  shows  the  point 
where  good  sedimentation  takes  place.  Although  the  initial 
pH  of  the  raw  water  is  0.6  lower  in  the  winter  than  in  the  sum- 
mer, as  the  alum  treatment  approaches  1.0  gr.  per  gal.,  the 
pH  values  approach  7.2  both  for  winter  and  summer. 

Table  V  contains  data  on  the  operation  of  the  filter  plant 
from  August  1, 1921,  to  January  14,  1922.  The  data  on  the 
hours  of  filter  service  are  reliable  and  best  indicate  the  effi- 
ciency of  operation.  The  data  on  removal  of  bacteria  expressed 
by  f)ercentage  are  of  less  value  because  the  raw  water  count  is 
often  very  low.    Table  V  shows  that  under  the  conditions  of 


Datbs  Days 

Aug.  1  to  17,  Sept.  13  to  16,  1921     21 
Sept.  17  to  Oct.  20,  1921  34 

Oct.  22  to  Nov.  25,  1921  36 

December  1  tn  31,  1921  31 

January  5  to  13,  1922  9 

January  14  to  17,  1922  4 

»  pH  values  have  been  run  on  raw, 
at  this  plant. 

''  Eight  of  the  filter  beds  are  made  of 


-Data  on  the  Operation  of  Highland  Pare  Filter  Plant  bbfokb  Cleaning  Sedimentation  Basin 
(August  1.  1921,  to  January  14,  1922) 

Per  cent  Per  cent 

Bacterial  Bacterial  Average  Hrs.  of 

pH  Value        Efficiency  of        Efficiency  Filter  Service 

No.  of    Temp.  Turbid-    Alum  in        Raw   Treated'  Sedimentation   of  Filtratjon       Coarse       Fine' 


°C. 


28 


ity     Gr.  per  Gal.    Water   Water       20° 
10 


0.60 

8.4 

7.6 

0.68 

8.0 

7.5 

0.78 

8.0 

7.4 

0.92 

7.8 

7.3 

1  07 

7.8 

7.2 

1.19 

7.8 

7.15 

37° 

(83) 


20°      37° 
(92) 


Sand 
31 


Sand 


Cost  of 
Treat- 
Per  cent     ment  per 
WashWater    Million 


Gallons 
SI.  81 


mixed,  settled,  filtered,  and  chlorinated  waters.     The  pH  valu 


97.5  52 
)0  98.5  46 
;  of  the  last  four 


Used 
1.72 

1.87 

33              1.15  2.02 

40              1.02  2.28 

35              1.09  2.56 

33             1.11  2.83 

always  identical  as  collected 


!  abont  the  same,  but  the  fine  sand  gives  fewer  hours  of 


Red  Wing  sand  and  four  are  made  of  a  finer  Cape  May  sand.     The  bacterial  efficiencies  of  the  two  sands 


Table  VI — Data  on  the  Operation  of  the  HiOHi.Ain>  Fask  Filter  Plant  after  Cleaning  Sedimentation  Basin 

(February  to  April  1922) 

Per  cent  Per  cent 

Bacterial  Bacterial 

EflSciency.of     Efficiency  of 


Dates 
February  14  to  23.  1922 
February  24  to  March  3,  1922 
March  4  to  11,  1922 
March  12  to  19,  1922 
April  13  to  16,  1922 


No.  of  Temp.  Turbid- 
Days  °C.  ity 
10  1.5  3 
8  2.0  8 
8  2.0  12 
8  2.5  17 
4  8.0  24 


pH  Value 
Alum  in       Raw  Treated 
Gr.perGal.  Water  Water 
0.21  7.8-     7.7 

0.42  7.8        7.6 

0.62  7.8-    7.4- 

0.75  7.8        7.3- 

0.95  7.9-    7.2 


Sedii 
20° 


ntation      Filtration 


37° 


20° 


37° 


Cost  of 
Average  Hrs.  of  Treat- 

Filter  Service         Per  cent     ment  per 
Coarse       Fine    Wash  Water   Million 


Sand 


Sand 


Used 

Gallons 

0.80 

»0.69 

0.S9 

1.17 

1.34 

1.73 

0.99 

1.89 

0.70 

2.45 
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operation  of  this  plant  the  most  efficient  results  were  obtained 
with  an  alum  dosage  of  0.9  gr.  per  gal.  and  the  pH  of  the 
treated  water  at  7.3.  Larger  amounts  of  alum,  though  slightly 
increasing  the  bacterial  efficiency,  decreased  the  hours  of  ser- 
vice of  the  filters  and  increased  the  wash  water.  Fluctuations 
in  turbidity  up  to  195  p.  p.  m.  were  handled  at  pH  values 
from  7.3  to  7.4  without  difficulty. 

During  the  course  of  the.se  experiments  the  tap  water  at  all 
times  conformed  to  the  Treasury  standards,  even  though 
only  0.05  to  0.18  p.  p.  m.  chlorine  was  used.  The  last  column 
in  Table  V  gives  the  cost  of  treatment  per  million  gallons, 
calculated  on  the  cost  of  alum  at  81.50  per  100  lbs.  and  wash 
water  at  3  cents  per  1000  gal.  Since  the  Treasury  standards 
can  be  met,  it  is  more  economical  to  run  the  plant  at  a  lower 
efficiency  with  less  alum  and  more  wash  water.  This  probably 
would  not  be  true  if  the  raw  water  were  more  polluted. 

The  data  in  Table  V  represent  averages  of  daily  results 
taken  during  the  six  months  prior  to  cleaning  the  sedimentation 
basin  in  February.  During  this  time  the  period  of  sedimenta- 
tion was  about  4  hrs.  Table  VI  contains  similar  data 
on  the  operation  after  the  sedimentation  basin  was  cleaned, 
and  the  period  of  retention  was  6  hrs.  These  data  begin 
with  an  alum  treatment  of  0.21  gr.  per  gal.  and  extend  through 
0.95  gr.  per  gal.  Further  collection  of  data  has  been  stopped 
because  of  air  troubles  in  the  filters  wliich  make  comparison 
of  filter  runs  impossible.  The  data  in  Table  VI  lead  us  to  ap- 
proximately the  same  conclusion  as  that  in  Table  V. 

The  constanijy  of  the  composition  of  the  Highland  Park 
water  has  mad*  it  pwssibic  for  these  preliminary  exp)criments 


which  could  not  have  been  accomplished  on  a  river  plant. 
The  operation  confirms  the  data  in  Series  I  on  a  water  with 
constant  alkalinity  and  variable  turbidity.  Confirmation 
of  the  data  in  Series  II  and  III  must  be  left  to  the  plant 
handling  a  water  with  a  variable  alkalinity.  Data  on  a 
plant  using  lime  or  soda  ash  would  be  most  interesting  and 
valuable.  The  subject  of  color  removal  has  not  been  studied 
because  the  Highland  Park  supply  does  not  contain  color. 

Conclusion 

1 — GUlespie's  method  for  determination  of  pH  values 
■nithout  the  use  of  buffer  solutions  is  recommended  for  the 
average  waterworks  laboratory. 

2 — Laboratory  tests  indicate  that  the  amount  of  alum  re- 
quired for  the  coagulation  of  a  water  is  dependent  on  the 
alkalinity  (the  buffer  value  of  the  water)  and  independent 
of  turbidity. 

3 — Coagulation  begins  at.a  pH  of  7.8,  and  is  fairly  good  at 
7.6  in  the  summer  months.  These  values  are  a  little  lower 
in  the  winter. 

4 — The  pH  zone  in  which  the  floe  is  well  coagulated  and 
settles  readily,  lies  between  7.6  and  6.6. 

5— Most  efficient  results  are  obtained  at  the  Higliland  Park 
plant  when  the  pH  of  the  treated  water  is  from  7.2  to  7.3. 

6 — Because  of  the  relatively  good  water  to  start  with,  it 
is  more  economical  to  run  the  plant  at  a  lower  efficiency 
with  less  alum  and  more  wash  water  than  would  be  used  at 
a  pH  of  7.2  to  7.3. 


The  Preparation  of  Phenylglycine-o-carboxylic  Acid"'' 

I— From  Anthranilic  Acid  and  Chloroacetic  Acid 


By  Herbert  L.  Haller 

CoLOK  Laboratory,  Burbao  of  Chemistry.  Washington,  D.  C. 


The  following  paper  Is  a  record  of  the  study  of  the  reaction  between 
anthranilic  acid  and  chloroacetic  acid  for  the  preparation  of  phenyl- 
glyclne-o-carboxyllc  acid. 

The  proper  concentration  in  water  of  the  reacting  substances,  time 
of  reaction,  ratio  of  anthranilic  acid  to  chloroacetic  acid,  condensing 
agent,  and  temperature  have  been  determined. 

The  best  yields  of  phenylglycine-o-carboxylic  acid  were  obtained 
when  the  following  conditions  were  observed: 

ConctHtration:   25  g.  oj  anthranilic  acid  in  ZOO  cc.  qf  water. 

Ratio:  Z  moli  0/  anthranilic  acid  to  I  mot  of  chloroacetic  acid. 

Condensint  attnl:  Z.33  moli  of  sodium  carbonate  to  I  mol  of  chloroacetic 
acid. 

Temperature:    90°  C. 

Time:    1  hr. 

The  use  of  an  alkali  carbonate  as  a  condensing  agent  gives  a  better 
yield  of  phenylglycine-o-carboxylic  acid  than  an  equivalent  amount 
of  cu\  alkflll  hydroxide. 

IN  A  lUX'l'.NT  paper*  from  this  laboratory  the  various 
steps  involved  in  the  so-called  Heumann  process  for  the 
production  of  indigo  from  naphthalene  are  given  and 
the  statement  is  made  that  a  study  of  the  different  reactions 
involved  in  this  process  has  been  undertaken.    This  jmper 

•  Prncntcd  before  Ihc  DivUion  of  Dye  Chemistry  al-the  63rd  Meeting 
of  the  American  Chemical  Society.  Dirmingham.  Ala.,  April  3  to  7,  1922. 

'  Published  by  permission  of  the  Department  of  Agriculture. 
'  Published  u  Contribution  No.  63  from  the  Color  Laboratory,   Bureau 
of  Chemistry,  Washington,  D.  C. 

•  M.  FhiUips,  This  Journal,  II  (1921),  769. 


deals  with  the  preparation  of  phenylglycine-o-carboxylic  acid 
from  anthranilic  acid  by  condensing  it  with  chloroacetic  acid. 

Two  methods  for  preparing  phenylglycine-o-carboxylic 
acid'  are  in  general  use: 

1 — Anthranilic  acid  is  condensed  with  chloroacetic  acid : 

-NHj  /\— N^CHjCOOH 

+  CH2CICOOH  — *■  +  HCl 

-COOH  k     J— COOH 


2 — Anthranilic  acid  is  subjected  to  the  action  of  a  mixture  of 
formaldehyde  and  potassium  cyanide : 


*  According  to  D.  R.  P.  111,067  this  compound  is  formed  whca  anthra- 
:  acid  is   heated  with  glycerol  or  other  polyhydroxy  compounds  and 


a 


Ikali  10  210°  to  250°  C: 
CH.OH 
NHi  I 

+  CHOH  +  4KOH 
COOH         I 

CII.OH 


r\-^c 


N^-CH.COOK 


+  K.COi  +  2If.O  +  8H 
c  acid  with  sodiuM  glycine 


It  can  also  be  obtained  by  heating  o-chloroben 
to  about  220°  C.  (D.  R.  P.  12,646): 

a  CI  (^N— N^H,COONa 

+  NHiCHjCOONa    *■  +  NaCI 

COONa  l    yl— COOH 


For  the  production  of  large  quantities  of  indigo  the 
not  abundant  enough,  besides  being  too  expensive. 


;  starting  raatefials  are 
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-N^CHjCN 
-COOH 

I— N^CH,CO( 


+  HCHO  +  HCN 


A  study  of  the  second  method  is  planned  and  results  will  be 
published  as  soon  as  the  experimental  part  has  been  com- 
pleted. It  is  not  knowTi  whether  this  method  is  more  profits 
able  than  the  alternative  one  using  chloroacetic  acid.    How- 
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Time  of  Reaction  -  Hours 
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ever,  it  has  recently  been  extensively  used,  especially  during 
the  war  when  methods^  not  requiring  acetic  acid  became  very 
important  owing  to  the  fact  that  supplies  of  acetic  acid  were 
requisitioned  in  all  belligerent  countries  for  the  manufacture 
of  munitions. 

Review  of  Literature 

Phenylglycine-o-carboxylic  acid  was  first  prepared  by  Mauth- 
ner  and  Suida.'  These  investigators  first  attempted  to  prepare 
it  from  o-tolylglycocoU  by  oxidation,  but  were  not  successful. 
The  fusion  of  anthranilic  acid  and  chloroacetic  acid  also  failed 
to  produce  phenylglycine-o-carboxylic  acid.  Even  when  the 
fusion  temperature  was  held  below  the  melting  point  of  anthra- 
nilic acid,  decomposition  took  place  with  evolution  of  carbon 
dioxide.  Their  best  results  were  obtained  by  dissolving  an- 
thranilic acid,  chloroacetic  acid,  and  sodium  carbonate  in  water 
and  boiling  the  solution  for  several  hours.  After  repeated 
experiments,  a  yield  of  70  to  80  per  cent  was  obtained.  Accord- 
ing to  D.  R.  P.  127,178,  considerable  quantities  of  anthranilodi- 
acetic  acid  are  formed  in  this  procedure. 

The  original  Heumann  patent'  states  that  phenylglycine-o- 
carboxylic  acid  is  obtained  by  heating  monohalogenoacetic  acid 
and  anthranilic  acid,  with  or  without  water,  from  1  to  2  hrs.  at 
about  100°  C.  or  over.  A  longer  time  is  required  for  the  reaction 
at  a  lower  temperature.  In  a  later  patent'  it  is  stated  that  very 
little  anthranilodiacetic  acid  is  formed  with  this  procedure!  but 
that  some  of  the  phenylglycine-o-carboxylic  acid  is  decomposed, 
owing  to  the  high  temperature  used  in  carrying  out  the  reaction. 
The  addition  of  sodium  carbonate  does  not  materially  decrease 
the  decomposition. 

In  the  last-mentioned  patent,  decomposition  of  the  phenyl- 
glycine-o-carboxylic acid  is  prevented  by  the  use  of  neutral  salts 
of  anthranilic  acid  and  chloroacetic  acid.  The  reaction  is  carried 
out  in  not  too  dilute  solutions  at  a  temperature  not  exceeding 
40°  C.  An  acid  salt  of  phenylglycine-o-carboxylic  acid  is  formed, 
which  is  insoluble  in  the  cold  reaction  mixture  and  can  therefore 
readily  be  filtered  off.  The  patent  states  that  no  anthranilodi- 
acetic acid  is  formed  in  this  procedure. 

According  to  Levinstein,'"  the  conversion  of  anthranilic 
acid  to  phenylglycine-o-carboxylic  acid  is  effected  at  low  tem- 
peratures by  dissolving  anthranilic  acid  in  caustic  soda,  thor- 
oughly cooling   the   solution,  and  adding  the  chloroacetic  acid 

*  Georgievics  and  Grandmougin,  "A  Text-Book  of  Dye  Chemistry," 
2nd  English  ed.,  1920,  409. 

'  Monaish.,^  tlSSS),  727. 
»  D.  R.  P.  56.273. 

•  D.  R.  P.  127,178:  U.  S.Patent  690,325. 
'•  J.  Soc.  Dyers  Colour.,  17  (1901),  140. 
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dissolved  in  water.  The  mixture  is  kept  alkaline  by  further 
additions  of  caustic  soda  during  prolonged  stirring,  after  which  it 
is  partly  dried,  then  "hydro"  extracted,  when  the  phenylglycine- 
o-carboxylic  acid  is  obtained  as  the  residue. 

KXPKRIMENTAL  PkOCEDURB 

To  ascertain  the  most  favorable  conditions  for  the  prepa- 
ration of  pheiiylglycino-o-carboxylic  acid  from  anthranilic 
acid  and  chloroacetic  acid,  a  study  was  made  of  the  five  follow- 
ing factors  afTecting  the  yield  of  phenylglycine-o-carboxylic 
acid: 

(1)  Concentration  in  water  of  the  reacting  substances. 

(2)  Time  of  reaction." 

(3)  Katio  of  the  reacting  materials. 

(4)  Condensing  agent. 

(5)  Temperature  of  the  reaction  mixture. 

Experiments  were  performed  in  which  the  concentration 
of  the  reacting  substances  was  made  the  only  variable,  while 
the  time  of  reaction,  the  ratio  of  anthranilic  acid  to  chloro- 
acetic acid,  and  the  temperature  of  the  reaction  mixture  were 
maintained  constant.  Another  set  of  experiments  was  con- 
ducted in  which  the  time  of  reaction  was  the  only  variable 
factor,  while  the  concentration  of  the  reacting  substances,  the 
ratio  of  anthranilic  acid  to  chloroacetic  acid,  and  the  temper- 
ature remained  constant.  From  the  data  obtained  in  this 
manner  the  best  conditions  were  deduced  for  time  of  reaction 
and  for  concentration  of  the  reacting  substances.  Experi- 
ments were  then  performed  varying  the  ratio  of  reacting 
materials  and  employing  the  time  and  concentration  found 
to  be  the  most  desirable.  To  substantiate  the  time  of  re- 
action factor,  experiments  were  carried  out  for  1,2,  and  3  hrs. 
with  variable  ratio  of  anthranilic  acid  to  chloroacetic  acid  and 
constant  volume  and  temperature.  Having  thus  determined 
the  proper  concentration  of  reacting  materials,  the  time  of 
reaction,  and  the  ratio  of  anthraniUc  acid  to  chloroacetic 
acid,  conducive  to  maximum  yield  of  phenylglycine-o- 
carboxylic  acid,  calculated  on  the  basis  of  anthranilic  acid 
consumed,  experiments  were  performed  in  which  these  factors 
were  kept  constant  while  varjing  quantities  of  a  condensing 
agent  were  added.  By  thus  repeating  the  procedure  outlined 
above  it  was  possible  to  obtain  data  on  all  the  factors  a£Fecting 
the  yield  of  phenylglycine-o-carboxylic  acid. 
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**  As  used  throughout  this  paper,  this  term  refers  to  the  time  during 
which  the  reactions  were  permitted  to  proceed. 
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Method — Twenty-five  grams  of  anthranilic  acid  in  a  1- 
liter,  short-neck,  round-bottom  flask  were  covered  ■with  50  cc. 
lees  than  the  total  volume  of  water  employed  in  the  experi- 
ment, and  mixed  as  effectively  as  possible  by  shaking  the 
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flask."  To  this  was  added  the  calculated  amount  of  chloro- 
acetic  acid"  dissolved  in  50  cc.  of  water.  The  flask  was  heated 
under  a  reflux  condenser  in  an  oil  bath  to  the  desired  tem- 
perature, the  mixture  being  stirred  by  a  mercury-sealed 
mechanical  stirrer.  Two  thermometers,  placed  in  the  oil 
bath  and  in  the  reaction  mixture,  respectively,  recorded  the 
temperature.  Stirring  was  continued  throughout  the  reac- 
tion. Upon  completion  of  the  time  of  reaction,  the  oil  bath 
was  removed,  the  stirring  continued,  and  after  about  10  to 
15  min."  the  solution  was  acidified  with  hydrochloric  acid. 
After  standing  24  hrs.  the  precipitate  which  had  formed  was 
filtered  off  and  washed  wth  water,  keeping  the  washings 
separate  from  the  mother  liquor.  The  precipitate  was  dried 
at  100°  C.  and  weighed.  Sodium  acetate  (70  g.)  was  dis- 
solved in  the  mother  liquor  by  stirring.  After  standing  over 
night  the  precipitated  anthranilic  acid  was  filtered  off,  washed 
once  or  twice  with  water  and  dried  at  100°  C.  This  was  pure 
anthranilic  acid,"  m.  p.  143°  to  144°  C.  To  the  filtrate  and 
washings  about  10  g.  of  sodium  acetate  and  excess  saturated 
copper  acetate  solution  were  added.  After  standing  for  5 
to  6  hrs.  the  precipitated  copper  anthranilate  was  filtered 
off,  wa.shed  once  or  twice  with  water,  and  dried  at  100°  C. 

MATERiAi.a — The  anthranilic  acid  used  was  a  product 
known  as  "/Vnthranilic  Acid,  Refined."    It  melted  at  143°  to 

"  When  a  condnistiij;  ageot  was  employed,  it  was  added  at  this  point. 

'•  The  solution  was  prepared  by  dissolving  Sfl.l  g.  of  chloroaccttc  acid 
In  280  cc.  o(  water.     An  aliquot  part  o(  this  was  diluted  to  50  cc. 

'•  When  a  condensing  auent  ii  employed.  It  is  advantageous  to  cool  the 
reaction  mixture  thoroiiKhly  before  acidifying, 

■*  Eighty  per  cent  of  the  unchanged  anthranilic  acid  ran  be  recovered 
In  this  waj. 


144°  C,  and  analyzed  lOlO  per  cent  N  (calcd.forCTHTOjN, 
N  =  10.22  per  cent).  The  chloroacetic  acid  was  a  good  grade 
and  analyzed  36.9  per  cent  CI  (calcd.  for  CiHsOjCl,  CI  =  37.52 
per  cent).  The  other  chemicals  were  all  of  C.  P.  grade  and 
analyzed  as  follows:  Sodium  carbonate,  99.5  per  cent  NajCOj; 
potassium  carbonate,  86  per  cent  K2CO3;  sodium  hydroxide, 
99  per  cent  NaOH;  potassium  hydroxide,  88.3  per  cent  KOH. 
The  sodium  hydroxide  and  the  potassium  hydroxide  were  of 
an  unusually  high  degree  of  purity. 

DETERAnNATION     OP    PuHITY    OF    PhENTLQLTCINE-0-CAR- 

BOXYLic  Acid — The  purity  of  the  reaction  product  was 
determined  by  obtaining  its  melting  point,  determining  the 
nitrogen  content  by  the  Kjeldahl  method,  and  titrating 
against  standard  alkali. 

Effect  of  Varying  Time  of  Reaction  and  Concentration 
OF  THE  Reacting  Substances 

The  effect  of  varying  the  time  of  reaction  and  the  concen- 
tration of  the  reacting  substances,  while  the  temperature 
(b.  p.  of  reaction  mixture  is  100°+  C.)  of  the  reaction  mixture 
and  the  ratio  of  anthranilic  acid  to  chloroacetic  acid  (1  mole: 
1  mole)  remained  constant,  is  indicated  in  Table  I  and  graph- 
ically shown  in  Fig.  1.  In  Fig.  1a  are  given  the  results  ob- 
tained when  the  jield  of  phenylglj'cine-o-carboxylic  acid  is 
based  on  the  anthranilic  acid  consumed  in  the  experiment. 
The  consumed  anthranilic  acid  is  computed  as  the  difference 
between  the  anthranilic  acid  originally  taken  and  that 
recovered  from  the  mother  Uquor. 

Table  I — Eppbct  of  Varying  Time  op  Reaction  and  Concentration 
OP  Reacting  Substances 

Ratio  of  C.H4NH,COOH;CH,ClCOOH  =  l:l  (25  k.:17.2  g.) 
Temperature  =  Boiling  point  of  reaction  mixture  (100**+  C.) 

Yield  op  Phenylglycinb- 
o-careoxylic   acid 

Based  on  An- 
thranilic Acid 
Per  cent  Consumed,  Per 
Theory       cent  Theory 


Time 
of  Re- 
action 
Hrs. 


1.5 


500 
500 
500 
200 
200 
200 
200 
100 
100 
100 


Anthranilic 

Acid 
Consumed 
Grams       ( 
15.4 
13.3 
15.7 


6.42 
8.67 
8.91 
10.17> 
10.80 
10.30 
9.00 
11 .  20< 
10.63 
7.14 


18.1 
24.4 
25.0 
28.6 
30.4 
29.0 
25.3 
31.5 
29.9 
20.0 


43.6 
45.9 
39.8 
63.9 
55.3 
52.3 
39.0 
60.0 
42.5 
23.0 


16.2 

13.7 

13.9 

19.9 

13.2 

17.5 

21.8 

'  M.  p.  207°  C;  found  7.04  per  cent  N;  calcd.   for  C.HiO.N,  N  =  7.18 
percent. 

•  M.  p.  206°  C;  found  7.08  per  cent  N:  calcd.  for  CiHtO.N,  N-7.18 
per  cent. 

The  foregoing  results  indicate  that  the  maximum  yield  of 
phenylglycine-o-carboxylic  acid,  based  on  the  anthranilic 
acid  consumed,  is  obtained  when  the  time  of  reaction  is  1  hr. 
and  the  concentration  of  the  solution  is  25  g.  of  anthranilic 
acid  and  17.2  g.  of  chloroacetic  acid  in  200  cc.  of  water.  It 
seems  that  at  a  higher  concentration,  while  the  reaction  be- 
tween anthranilic  acid  and  chloroacetic  acid  takes  place  more 
rapidly,  more  of  the  anthranilic  acid  is  destroyed.  In  the 
foUomng  experiments,  therefore,  the  time  of  reaction  was  1  hr. 
and  the  concentration  of  the  solution  25  g.  of  anthranilic 
acid  in  200  cc.  of  water. 

Effect  of  Varying  Ratio  of  Anthranilic  Acid  to 
Chloroacetic  Acid 

The  results  of  several  experiments  varjang  the  ratio  of 
anthranilic  acid  to  chloroacetic  acid  while  the  other  factors 
remained  constant  are  given  in  Tabic  II  and  shown  graphically 
in  Fics.  2  and  2a.  The  data  for  Fig.  2  are  based  on  the  an- 
thranilic acid  consumed  in  the  experiment.  To  substantiate 
the  time  of  reaction  factor,  experiments  were  also  conducted, 
with  a  variable  ratio  of  antliranilic  acid  to  chloroacetic  acid, 
for  different  periods  of  time.  The  results  are  recorded  in 
Table  II  and  in  Figs.  2  and  2a. 
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25  g.  anthranilic  acid  used  in  each  experiment 

25  g.  anthranilic  acid  (1  mol)  :  17.2  g.  chloroacetic  acid  (1  mo 

Water  =  200  cc. 

Temperature  =  Boiling  point  of  reaction  mixture  (100''+  C.) 


Tablk  III — Effbct  of  Adding  a  Condensing  Agent 

Ratio  of  C.HiNHiCOOH:CTriClCOOH  =  2  1    (25  g    8  6  k  ; 

Water  =  200  cc.     Time  of  reaction  =  1  hr. 
Temperature  =  Boiling  point  of  reaction  mixture  (100°+  C.) 


Molecu- 

Yield 

lar  Ratio: 

Anthra- 

O-CARBOXYLIC     AciD 

Anthra- 

Chloro- 

nilic 

Based  on  An- 

nilic Acid 

acetic 

Time 

Acid 

thranilic 

to  Chloro- 

Acid 

of  Re- 

Con- 

Acid Con- 

acetic 

Used 

action 

sumed 

Per  cen 

Acid 

Grams 

Hrs. 

Grams 

Grams 

Theory 

cent  Theory 

1.0 

17.2 

11.2 

10.17 

2S.6 

63  9 

1.33 

12.9 

9.5 

8.90 

33.4 

66.0 

1.5 

11.5 

8.7 

8.26> 

34.8 

66.8 

2.0 

8.6 

6.8 

6.80! 

39  4 

67.4 

2.5 

6.9 

6.3 

5.70 

40.0 

63.6 

3.0 

5.7 

5.5 

4.60 

38.8 

.59.0 

4.0 

4,3 

5.0 

3.65 

41.0 

51.5 

1.0 

17.2 

1.5 

13.7 

10.80 

30.4 

55.3 

1.5 

11.5 

1.5 

11.3 

9.42 

39.8 

58.0 

2.0 

8.6 

1.5 

10.3 

8.00 

45.0 

.M.8 

2.5 

6.9 

1.5 

8.9 

6.72 

47.2 

53.2 

3.0 

5.7 

1   5 

8.4 

6.03 

51.0 

50.6 

4.0 

4.3 

1.5 

7.1 

4.82 

54.0 

47.3 

1.0 

17.2 

2 

13.8 

10.30 

29.0 

52.3 

1.5 

11.5 

2 

12.9 

9.60 

40.5 

52.2 

2.0 

8.6 

2 

11.5 

8.20 

46.1 

50.2 

2.5 

6.9 

2 

10.2 

7.20 

50.6 

50.0 

3.0 

5.7 

2 

10.0 

6.35 

53.7 

44.6 

4.0 

4.3 

2 

7.9 

4.80 

53.9 

42,8 

1.0 

17.2 

3 

16.2 

9.00 

25.3 

39.0 

1.5 

11.5 

3 

14.6 

9.30 

39.3 

44.7 

2.0 

8.6 

3 

13.9 

8.86 

49.8 

44.8 

2.5 

6.9 

3 

12.5 

7.77 

54.6 

43.7 

3.0 

5.7 

3 

11.4 

6.73 

56.8 

41.7 

4.0 

4.3 

3 

9.7 

4.95 

.55.7 

36.0 

'  M.  p.  206°  to  7  °  C;  found  7.17  per  cent  N;  calcd.  for  C.HsOiN,  N  =  7.18 
per  cent. 

•  M.p.206''to7''C.;found7.00  per  cent  N;calcd.  for  CsH.OiN,  N  =  7.18 
per  cent. 

The  results  show  that  the  maximum  yield  of  phenylglycine- 
o-carboxylic  acid  is  obtained  when  a  ratio  of  1.5  to  2.0  mols 
of  anthranilic  acid  to  1  mol  of  chloroacetic  acid  is  used.  The 
actual  yield  of  phenylglycine-o-carboxylic  acid  is  somewhat 
better  when  the  molecular  ratio  of  anthranilic  acid  to  chloro- 
acetic acid  is  2  to  1.  In  the  subsequent  experiments,  there- 
fore, a  ratio  of  2  mols  of  anthranilic  acid  to  1  mol  of  chloro- 
acetic acid  was  maintained. 

Effect  of  Adding  a  Condensing  Agent 

Using  the  above-detennined  optimum  conditions  for  con- 
centration of  anthranihe  acid,  time,  ratio  of  anthraniUc  acid 
to  chloroacetic  acid,  and  with  the  temperature  at  the  boiling 
point  of  the  reaction  mixture,  experiments  were  performed 
to  determine  the  efiect  of  adding  varying  amounts  of  a  con- 
densing agent.  Sodium  and  potassium  carbonates  and 
hydroxides  were  used.  The  results  of  several  experiments  are 
given  in  Table  III  and  graphically  shown  in  Figs.  3  and  3a. 
In  Fig.  3a  results  are  based  on  the  anthranilic  acid  consumed 
in  the  e.xperiment. 


Condensing  Agent 
Molar  Ratio: 
Condensing  Anthranilic 
Agent  to  Acid 

ExpT.  Chloroacetic     Consumed 

No.       Grams  Acid  Grams 


Yield  ok  PiiRNvi.ci.yciNBo- 

CARDOXYMC    AcID 

Based  on  An- 
thranilic Acid 
Per  cent  Consumed ,  Per 
^rams     Theory     cent  Theory 


Sodium  Carbonate 

1 

0 

0 

6.8 

6.80 

39,4 

67,4 

2 

2.0 

0.21 

8.9 

7.95 

44.7 

63,0 

3 

4.0 

0.41 

8.5 

7.86 

44.2 

65.0 

4 

6.0 

0.62 

8.8 

7.75 

43,6  , 

62,0 

5 

8.0 

0.83 

10,4 

8.55 

48.0 

58,2 

6 

10.0 

1.04 

10.9 

8.93 

60.2 

57,6 

7 

12.0 

1.24 

16.1 

9.15 

51.4 

58.0 

8 

15.0 

1 .  55 

10  0 

9.62 

54.1 

61,3 

9 

20.0 

2.07 

10.7 

11.48' 

64.4 

75,5 

10 

22.5 

2.33 

9.9 

11.65> 

65,5 

82,8 

11 

25.0 

2.59 

9.6 

11.26 

63,3 

82.5 

12 

30.0 

3.10 

9.4 

10.71 

60.2 

80.2 

13 

35.0 

3.62 

8.8 

10.58 

59.4 

84,7 

14 

40.0 
Potassium 

4.14 
Carbonate 

8.1 

10.05 

56.5 

87,3 

15 

10.0 

0.68 

9.2 

8.70 

49.0 

67,1 

16 

20.0 

1.37 

10.8 

9.83 

55,3 

64,2 

17 

25.0 

1.71 

10.9 

10.17 

57,2 

65.8 

18 

30.0 

2.05 

10.2 

11.43" 

64.3 

79.2 

19 

40.0 
Sodium  H 

2.73 
vdroxide 

9.8 

11.10 

62.4 

79.8 

20 

3.65 

1.00 

8.7 

7.58 

42.7 

61.2 

21 

4.0 

1.10 

8.7 

8,34 

46.9 

67.5 

22 

6.0 

1.65 

9.5 

8.53 

48.0 

63.2 

23 

8.0 

2.20 

10.7 

9.00 

50.6 

59.2 

24 

10.0 

2.74 

10.9 

9.27 

52.1 

60.0 

25 

14.6 

4.00 

8.4 

9.17< 

51.5 

76.7 

26 

20.0 

5.48 

3.1 

3.96 

22.1 

90.5 

27 

30.0 
Potassium 

8.22 
Hydroxide 

4.5 

1.03 

5.7 

22.6 

28 

5.78 

1.00 

9,1 

8.58 

48.2 

66.0 

29 

8.67 

1.50 

10.0 

8,50 

47.8 

60.1 

30 

10.00 

1.73 

9.9 

8,52 

47,9 

60.7 

31 

11.56 

2.00 

10.5 

9.42 

53.0 

62.8 

32 

14.45 

2.50 

10.6 

10.15 

57.0 

67.4 

33 

17.35 

3.00 

10.4 

9.87 

55,5 

63.7 

34 

20.00 

3.45 

9.8 

9.14 

51.4 

65.3 

35 

23.12 

4.00 

8.3 

9.15' 

51.4 

77.7 

36 

24.57 

4.25 

6.7 

8.10 

45.5 

85.2 

37 

26.01 

4.50 

6.1 

7.07 

39.7 

81.4 

38 

30.00 

5.19 

1.9 

1.52 

8.6 

56.3 

■  M 

p.  206°  to  7 

°  C;  found  7.18  per 

cent  N;  calcd.  for  C.H1O.N,  t 

7.18  per  cent. 

2M 

p.  206°  to  7 

°  C. 

•  M.  p. 

206°  to  7° 

C, 

•M 

p.  205°  to  6 

°C. 

•M.  p. 

204°  to  5  = 

C. 

It  appears  that  when  one  of  the  alkali  carbonates  is'  em- 
ployed as  a  condensing  agent,  a  better  yield  of  phenylglycine- 
o-carboxyhc  acid  is  obtained  than  vdih  an  equivalent  amount 
of  one  of  the  aUtaU  hydroxides.  This  probably  is  caused  by 
the  much  less  rapid  hydrolysis  of  the  chloroacetic  acid  by  the 
carbonates.  Since  potassium  carbonate  and  sodium  car- 
bonate jaeld  approximately  the  same  results,  the  cheaper 
sodium  carbonate  is  naturally  to  be  preferred.    On  the  basis 
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of  the  anthranilic  acid  consumed  (Fig.  3a)  it  appears  that  4 
mols  of  sodium  carbonate  give  the  maximum  yield  of  phenyl- 
glycine-o-carboxj'lic  acid.  Fig.  3,  however,  shows  that  the 
maximum  actual  yield  of  acid  is  obtained  when  slightly  more 
than  2  mols  of  sodium  carbonate  is  employed,  and  that  the 


Vol.  14,  No.  11 


Temperature  -°C 

FiG.4 

fonn{ition  of  phenylglycine-o-carboxylic  acid  rapidly  decreases 
as  the  amount  of  sodium  carbonate  is  increased.  In  the 
following  experiments,  therefore,  2.33  mols  (22.5  g.)  of 
sodium  carbonate  were  employed. 

[Effect  of  Vaktinq  Temperature 

Uaving  determined  the  proper  concentration  of  anthranilic 
acid,  time  of  reaction,  ratio  of  anthranilic  acid  to  chloroacetic 
acid,  and  condensing  agent,  experiments  were  performed  at 
different  temperatures.  The  results  of  several  experiments 
are  given  in  Table  IV  and  Fig.  4.  Curve  4a  gives  the  results 
when  the  yields  are  based  on  the  anthranilic  acid  consumed 
in  the  experiment. 


were  also  conducted  for  different  periods  of  time  at  90°  C. 
and  at  the  boiling  point  of  the  reaction  mixture.  The  results 
of  several  experiments  are  given  in  Table  V  and  graphically 
shown  in  Figs.  5  and  5a.  In  the  latter  figure  residts  are 
computed  on  the  basis  of  the  anthraniUc  acid  consumed  in 
the  experiment. 

Table  IV — EFrECT  op  Varying  thb  Tempkraturb  of  the  Reaction 

Mixture 

Ratio  of  CH.NHiCOOH  CHiClCOOH  =  2:l  (25  g.:  8.6  g.) 

Water  =  200  cc.     Time  of  reaction  =  1  hour 

Condensing  agent  =22.5  g.  NajCOj 

YlEUD  op  Phenylclycinb-o- 

CARBOXYLIC    ACID 


Ts         ns         n         4j5         sjt 
Time  OF  Reaction  -  Hours 

FiG.S 

At  temperatures  somewhat  below  the  boiling  point  of  the 
reaction  mixture  the  reaction  proceeds  rather  slowly  and 
therefore  it  was  thought  desirable  to  conduct  experiments  for 
different  pcriod.s  of  time  at  these  lower  temperatures.  In 
order  to  substantiate  the  time  of  reaction  factor,  experiments 


At 

tliranilic 

Temper- 

Acid 

thranilic    Acid 

Kxp 

r.          ature           Consumed 

Per  cent 

Consumed,  Per 

No 

°C. 

Grams 

Grams 

Theory 

cent  Theory 

I 

25 

0 

0 

0 

0 

2 

40 

0 

0 

0 

0 

;( 

60 

3.8 

5.3 

29.8 

98.2 

4 

70 

7.5 

9.1 

51.2 

85.5 

.s 

80 

9.9 

11.28> 

63.3 

80.2 

(i 

90 

10.3 

12.2' 

68.6 

83.3 

7 

100  + 

9.9 

11.65> 

65.5 

82.8 

>  M 

p.  206°  to  7°C. 

■  M 

p.  207' 

C. 

'  M 

p.  206° 

to7°C. 

fABI. 

3  V — Eppect  op  Varying  Time  op  Reaction  wit 

H  Variable 

Temperature 

Ratio  of  CH4NH.COOH:CHiClCOOH  = 

2:1  (25  g. 

8.6  g.) 

Na2CO.  =  22.5g. 

Water  =  200  cc. 

VIEI.D     OF     PhENYI,CI,YCINE-0- 

CARBOXYLIC  ACID 

Anthranil 

c 

Based   on   An- 

Tempera 

Acid 

thranilic    Acid 

■XPT 

Time 

lure 

Consumed 

Per  cent 

Consumed,  Per 

No. 

Hrs. 

"C. 

Grams 

Grams 

Theory 

cent  Theory 

1 

1 

70 

7.5 

9.10 

51.2 

85.5 

2 

2 

70 

8.7 

11.00 

61.8 

88.3 

:t 

4 

70 

9.6 

12.17' 

68.3 

89  3 

4 

5 

70 

10.8 

12.27' 

69.0 

79.3 

.5 

6 

70 

10.9 

12.38 

69.5 

79.8 

li 

1 

80 

9.9 

11.26' 

63.3 

80.2 

7 

1.5 

80 

10.5 

12.12< 

68.1 

81.2 

S 

2 

80 

10.5 

11.94 

67.2 

79  8 

9 

4 

80 

10.5 

11.92 

67.2 

79.8 

10 

0.25 

90 

9.4 

10.93 

61.5 

82  0 

11 

0.5 

90 

9.5 

11.55' 

65.0 

85.4 

12 

1 

90 

10.3 

12.20' 

68.0 

83.3 

18 

1.5 

90 

9.9 

11.82 

66.5 

84.0 

14 

2 

90 

9.8 

11.90 

66.9 

85.5 

I.T 

4 

90 

10.5 

11.97 

67.3 

80.0 

IB 

0.5 

100  + 

9.6 

11.60' 

65.3 

85.0 

17 

1 

100  + 

9.9 

11.65" 

65.5 

82.8 

IS 

1.5 

100  + 

9.6 

11.50 

64.7 

84.3 

1» 

2 

100  + 

10.0 

11.92 

67.0 

83.8 

20 

4 

100  + 

10.0 

11.41 

64.2 

80.6 

'  M 

p.  205' 

to6°C. 

•M.p 

205.5°  to  6.5°  C. 

»  M 

p.  203° 

C. 

•M.p. 

207°  C. 

■  M 

p.  206° 

lo7°C. 

'M.p 

206°  to  7 

°C. 

«M 

p.  206 

C. 

«M.p 

206°  to  7 

°C. 

The  results  indicate  that  the  maximum  yield  of  phenyl- 
glycine-o-carboxj'lic  acid  is  obtained  when  the  reaction  is 
conducted  at  90°  C.  for  1  hr.  This  substantiates  the  results 
obtained  for  the  time  of  reaction  factor  in  the  previous  ex- 
periments. Approximately  identical  results  are  obtained 
when  the  reaction  is  conducted  at  70°  C.  for  4  hrs.  At  lower 
temperatures  the  reaction  proceeds  too  slowly  to  be  of  any 
practical  significance. 

Educational  programs  of  the  various  institutions  offering 
courses  in  chemical  engineering  are  to  be  investigated  by  a  com- 
mittee of  eleven  appointed  by  tlie  council  of  the  American 
Institute  of  Chemical  Engineers,  with  a  view  to  standardizing 
the  training  required  for  the  degree  of  Ch.E.  The  program  of 
the  committee  contemplates  three  years'  work  in  obtaining  the 
adoption  of  recommendations  of  a  previous  committee  and  the 
publication  of  a  list  of  approved  schools  at  the  end  of  this  period. 
The  committee  consists  of  H.  C.  Parmalee,  chairman;  five  repre- 
sentative educators:  Joseph  H.  James,  W.  K.  Lewis,  A.  H.  White, 
R.  H.  McKee,  and  S.  W.  Parr;  and  five  representative  industrial- 
ists: C.  E.  K.  Mees,  A.  D.  Little.  C.  L.  Reese,  W.  C.  Geer,  and 
W.  R.  Whitney.  

An  erroneous  report  has  been  circulated  regarding  a  fire  which 
started  on  the  premises  of  A.  Daigger  &  Co.,  Chicago.  The  fire 
occurred  in  the  block  in  which  this  company  is  located,  but  no 
damage  was  done  to  property  of  the  Daigger  Company. 
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Determination  of  Total  Nitrogen  in  Cyanamide  and  Nitrate 
Mixtures— Davisson-Parsons  Method' 

By  Kenneth  D.  Jacob  and  Walter  J.  Geldard 

PiXSD    NlTROOBN    RnSRAHCII    LABORATORY,    DBPARTMKNT    OP    ACKICOUTUHK,    WaSIUKGTOK,  D.  C. 


IN  CONNECTION  with 
an  investigation  on 
commercial  calcium 
cyanamide  (hereafter  re- 
ferred to  as  cyanamide), 
it  became  necessary  to  de- 
termine tlie  total  nitrogen 
in  mixtures  of  cyanamide 
and  nitrates.  Several 
methods  for  the  determi- 
nation of  total  nitrogen,  including  nitrate  nitrogen,  in 
fertilizer  mixtures  have  been  adopted  as  "Official"  by  the 
Association  of  Official  Agricultural  Chemists.  It  is,  how- 
ever, well  known  that  these  methods  do  not  give  accurate 
results  in  the  presence  of  Tnuch  moisture.  Mixtures  of 
cyanamide  and  calcium  nitrate  usually  contain  considerable 
moisture,  and  in  prelimirary  experiments  we  found  that 
consistent  results  for  total  nitrogen  could  not  be  obtained  by 
any  of  the  official  methods.  A  method  for  the  determina- 
tion of  total  nitrogen,  including  nitrate  nitrogen,  perfected  by 
Da\'isson  and  Parsons'  for  the  analysis  of  soil  and  biological 
extracts,  seemed  to  offer  possibilities  in  this  coimection.  In 
making  a  study  of  the  applicability  of  this  metliod  to  mixtures 
such  as  here  considered,  two  official  methods  were  also  studied 
in  comparison.  These  were  the  Gunning-Forster  method,  as 
used  by  the  Nitrogen  Laboratory  of  the  Bureau  of  Chemistry, 
and  the  Gunning  method  modified  to  include  the  nitrogen  of 
nitrates,  and  were  selected  as  probably  being  the  most  re- 
liable of  the  official  methods  for  the  determination  of  total 
nitrogen  in  cyanamide-nitrate  mixtures. 

Outline  of  Methods 

To  avoid  any  confusion  that  might  arise  from  referring  to 
the  various  methods  by  name  only,  they  are  briefly  described 
as  follows: 

The  Gunning-Forster  Method — To  the  weighed  sample 
add  35  cc.  of  concentrated  sulfuric  acid  (sp.  gr.  1.84)  contain- 
ing 33.33  g.  salicylic  acid  per  hter.  Mix  thoroughly  and  let 
stand  over  night.  Add  5  g.  sodium  thiosulfate,  let  stand  for 
4  hrs.,  and  then  digest  for  about  10  min.,  beginning  with  a 
low  flame  and  increasing  to  vigorous  boiling  as  foaming 
subsides.  Cool,  add  10  g.  potassium  sulfate,  and  boU  steadily 
for  at  least  3  hrs.     Cool,  dilute,  and  distil  in  the  usual  way. 

This  method  is  known  to  give  accurate  results  when  the 
sample  is  finely  powdered  and  dry.  It  is  especiaUy  important 
that  the  sample  be  dry,  for  as  little  as  4  per  cent  of  moisture 
will  cause  low  results. 

The  Gunning  Method,  Modified  to  Include  the 
Nitrogen  of  Nitr.\tes^ — This  method  is  practically  the 
same  as  the  Gunning-Forster,  with  the  exception  that  the 
sample  is  left  in  contact  with  the  sulfuric-salicylic  acid  mi,x- 
ture,  with  frequent  shaking,  for  only  30  mln.  The  sodium 
thiosulfate  is  then  added  and  allowed  to  stand  about  10  mm. 
before  proceeding  with  the  digestion. 

It  Is  open  to  the  same  objection  as  the  Gunning-Forster 

'  Received  August  28,  1922. 

*  Published  by  permission  of  the  Department  of  Agriculture. 

«  This  Joornai,,  11  (1919),  308. 

«  "Methods  of  Analysis,  A.  O.  A.  C,"  1919,  p.  8. 


A  comparison  has  been  made  of  the  generally  accepted  methods 
for  the  determination  of  total  nitrogen  in  fertilizer  mixtures  with  the 
Daoisson-Parsons  method  on  mixtures  containing  cyanamide  and 
nitrate  nitrogen. 

The  usual  methods  do  not  give  accurate  results  on  mixtures  con- 
taining considerable  moisture.  The  Daoisson-Parsons  method,  on 
the  other  hand,  gioes  accurate  results  not  only  on  solid  mixtures  but 
also  on  aqueous  solutions. 


method.  The  eflect  of 
moisture  in  samples  has 
already  been  pointed  out  by 
several  investigators'-'  and 
our  results  further  confirm 
their  conclusions. 

The  Davlsson-Parsons 
Method— The  sample  is 
placed  in  an  800-cc.  Kjel- 
dahl  flask,  100  to  200  cc. 
distilled  water  added  with  sufficient  50 per  cent  sodium  hydrox- 
ide to  make  the  solution  tenth  normal.  Suflicient  Devarda's 
alloy  (Cu— .50,  AI^15,  Zn— 5)  to  reduce  ail  the  nitrate  nitro- 
gen is  then  added.  (One  gram  of  alloy  will  reduce  about  25 
mg.  nitrate  nitrogen.)  The  flask  is  then  connected  to  a  Davis- 
son-Parsons absorption  tube  containing  35  cc.  of  sulfuric  acid 
(4  :  1),  and  reduction  of  the  nitrate  nitrogen  to  ammonia 
carried  out,  after  whicli  the  acid  in  the  absorption  tube  is 
allowed  to  suck  back  into  the  flask,  and  the  tube  tlioroughly 
washed  witli  distilled  water.  The  solution  is  then  evaporated 
to  charring,  5  to  7  g.  potiissium  sulfate  are  added,  and  the 
digestion  continued  for  about  1  hr.  after  the  melt  has  become 
clear.     The  melt  is  then  cooled,  diluted,  and  distilled. 

Since  the  determinations  by  this  method  were  carried  out 
exactly  as  recommended  by  Davisson  and  Parsons,  the  reader 
is  referred  to  the  original  article  for  the  exact  details  of  pro- 
cedure. The  most  important  feature  of  this  method  is  that 
the  analysis  is  carried  out  in  aqueous  solution,  and  it  is 
therefore  immaterial  whether  the  sample  is  solid  or  in  solution. 
This  eliminates  the  necessity  of  having  the  sample  for  analy- 
sis dry  as  in  the  case  of  the  official  methods. 

A  number  of  investigations*  on  the  use  of  Devarda's  alloy 
for  the  determination  of  total  nitrogen  in  mixtures  of  nitric 
and  organic  nitrogen  have  been  carried  out  within  the  past 
few  years.  After  comparison  with  the  other  methods,  the 
various  investigators  are  almost  unanimous  in  the  opinion 
that  more  uniform  and  reliable  results  can  be  obtained  under 
a  wider  variety  of  conditions  by  the  use  of  Devarda's  alloy 
'than  with  any  of  the  other  proposed  methods.  The  majority 
of  the  workers  used  either  the  Davisson-Parsons  procedure 
directly  or  a  slight  modification  of  it. 

Comparison   of   the    DA\assoN-PARSONS    Method    with 

Official  Gunning  Method  for  Ctan.\mide 

Nitrogen  Alone 

Before  making  comparative  te.«ts  of  the  foregoing  methods 
for  total  nitrogen,  it  was  necessary  to  determine  the  accuracy 
of  the  Da^■isson-Pa^sons  method  on  extracts  of  cyanamide. 
As  to  its  use  for  nitrate  nitrogen  alone,  the  results  of  other 
investigators'  are  sufficient  to  indicate  its  accuracy. 

A  cyanamide  extract  was  prepared  by  shaking  a  sample 
with  water  for  3  hrs.,  filtering,  and  making  up  to  a  definite 
volume.    .Ahquots  of  50  cc.  of  this  solution  were  analyzed 

5  Peck,  This  Journal,  S  (1911),  817. 

•  PUz,  Z.  landtn.  Vn'suchw.,  M  (1919),  180;  Platou,  Chimie  et  induslrie, 
3  (1920).  310;  Flycht,  CofiVAe,  1  (1919),  210;  Bal^.Ciorn  ckim.ind.appli- 
cala.  2  (1920),  376;  McLachlan,  Pharm.  J.,  106  (1921),  477;  Strowd,  SoU 
Sci.,  10  (1920).  333. 

'  Mitscherlich  and  Herz,  Landw.  Jahrb.,  SB  (1909),  279;  Davisson  and 
Parsons,  see  Note  3;   Butt,  This  Jodrnai,,  IS  (1920),  352. 
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by  the  official  Gunning'  and  Davisson-Parsons  methods. 
The  Gunning  method  (using  potassium  and  copper  sulfates) 
is  recommended  generally  for  total  nitrogen  in  cyanamide 
and  other  fertilizer  materials  in  the  absence  of  nitrates. 

The  results  of  these  analyses  are  given  in  the  following 
table.  All  results'  given  in  this  paper  have  been  corrected 
for  the  nitrogen  blank  on  the  reagents  alone. 

Table  I — Comparjson  op  the  Official  Gunning  and  Davisson-Paksons 
Msmooa  on  thk  Dbtsrmination  of  Cyanamidb  Nitrogen  .^lone 

Miluckahs  Nitrogen  Found 

(A)  Official  Gunning  (B)  Davisson-Parsons 

29.11  29.12 

29.06  29.20 

29.03  29.12 

29.10  29.08 

Av.    29.07  Av.     29.13 

These  results  indicate  that  the  Davisson-Parsons  method 
accurately  determines  the  total  nitrogen  of  cyanamide  ex- 
tracts. The  total  nitrogen  value  for  a  50-cc.  aliquot  obtained 
in  B,  29.13  mg.,  was  used  in  the  following  as  a  basis  for  the 
cyanamide  nitrogen  contents  in  solutions  containing  both 
cyanamide  and  nitrate  nitrogen. 

Comparison  of  Methods  on  Mixtures  Containing 
Both  Cyanamide  and  Nitrate  Nitrogen 

Aqueous  Samples — The  source  of  the  nitrate  nitrogen  used 
in  preparing  these  extracts  was  an  approximately  0.04  A'' 
solution  of  nitric  acid,  carefully  prepared  from  C.  P.  nitric 
acid.  A  scries  'of  nine  analyses  by  the  Davisson-Parsons 
method  gave  the  average  value  for  a  50-cc.  aliquot  of  28.;J7  mg. 
of  nitrate  nitrogen. 

Using  the  two  values  as  given  above  for  cyanamide  and 
nitrate  nitrogen,  a  number  of  mixtures  containing  50-cp.  of 
each  of  the  solutions  were  prepared  and  analyzed  by  the 
three  methods  previously  outlined.  The  composition  of 
the  mixtures  was  as  follows: 

Mg. 

so  cc.  cyanamide  extract 29 .  13  nitrogen 

50  cc.  nitric  acid  solution 28.57 

Total 57.70 

The  analytical  results  obtained  were  as  follows: 


Table  II-  Co 


/isson-Parsons 
Method 

87.89 

67.91 

57.70 

.17.72 

67.64 

57.70 

.17.73 

.17.70 

57.91 

57.87 

57.86 

57.77 
■.   67.78 


Milligrams  Nitrogen  Found 
GunniuK-Forstcr 
Method' 
56.01 
56.91 
56.61 


Modified  Gunning 
Method' 
56.50 
56.66 
56.96 


Gunning. Forstcr  and  modified  Gunning 
jIts  in  dilute  solution;  the  100-cc.  samples 
were  therefore  evaporated  very  carefully  to  a  volume  of  about  10  cc.  before 
prnceeding  with  the  analyses.  They  could  not  be  evaporated  to  drjniss 
because  uf  possible  loss  of  nitrogen. 

Tho.sc  results  indicate  that  the  Davisson-Parsons  method 
is  applicable  txj  solutions  containing  cyanuniide  and  nitrate 
nitrogen.  The  results  by  this  method  agree  clo.--ely  and  are 
as  accurate  as  can  usually  be  obtained  in  this  type  of  deter- 
mination. It  should  be  noted  that  the  effect  of  excess  moi.<- 
ture  is  quite  evident  in  the  case  of  the  official  method,  and 
for  that  reason  only  a  limited  numlicr  of  determinations  were 
made,  as  indicated  in  the  above  table. 

•  "Methbda  of  Analysis,  A.  O.  A.  C."  191»,  p.  7. 


Solid  Samples  Low  in  Nitr.\te  Nitrogen — In  analyzing 
solid  samples  of  nitrates  and  cyanamide,  the  agreement  be- 
tween the  methods  is  somewhat  closer.  For  this  test,  a 
sample  of  cyanamide  containing  a  knowTi  amount  of  calcium 
nitrate  was  prepared  and  analyzed  by  both  the  Gunning- 
Forster  and  Davisson-Parsons  methods.  The  former  method 
was  selected  rather  than  the  modified  Gunning  because  it 
is  generally  considered  to  give  more  accurate  results.  The 
composition  of  the  sample  was  as  follows: 

Per  cent 

Nitrate  nitrogen .  .         1 .  10 

Cyanamide 15.53 

Total 16.63 

The  analytical  results  are  given  in  the  following  table: 

Table  III — Comparison  op  Methods  on  Solid  Mixtures  op  Cyanauide 
AND  Nitrate  Nitrogen.  Low  in  Nitrate  Nitrogen 
Milligrams 
Nitrogen  Per  cent 

(A)  Gunning-Forster  Found  Nitrogen 

Method                              79.16  15.83 

81.49  16.29 

81.11  16.22 

79.85  15.97 

Average 80.40  16.08 

(B)  Davisson-Parsons                 83.34  16.67 

Method  83.41  16.68 

83.43  16.69 

Average 83.39  16.68 

Solid  Samples  High  in  Nitrate  Nitrogen — The  mixture 
used  above  might  be  considered  low  in  nitrate  nitrogen,  and 
therefore  not  a  sufficient  test  of  the  reliability  of  the  method. 
Another  was  prepared  which  contained  more  nearly  equal 
parts  of  the  two  forms  of  m'trogen.  Potassium  nitrate 
(97.68  per  cent)  was  mixed  with  cyanamide  (20.42  per  cent  N) 
to  produce  a  mixture  of  the  following  composition: 

Per  cent 

Nitrate  nitrogen 7 .  73 

Cyanamide  nitrogen 8 .  78 

Total  Nitrogen 16.51 

The  results  of  analyzing  this  mi.xture  are  given  below: 

Table  IV — Comparison  of  Methods  on  Solid  Mixtures  op  Cyanamide 
and  Nitrate  Nitrogen,  High  in  Nitrate  Nitrogen 
Milligrams 

Nitrogen  Per  cent 

Found  Nitrogen 
81.03  16.21 

79.37  15.87 

80.10  16.02 

79.47  15.89 

Average 79.99  16.00 

(B)  Davisson-Parsons  83.02  16.60 

Method  82.88  16.57 

83.02  16.60 

82.88  16.57 

Average 82.95  16.58 

.Although  neither  of  the  two  solid  mixtures  contained  an 
aijpreciablc  quantity  of  free  moisture,  water  was  jircsent  com- 
bined as  calcium  hydroxide,  since  water  is  added  to  commer- 
cial cyanamide  to  hydrate  the  free  lime.  Moreover,  cyana- 
mide, when  stored  wth  access  to  the  air,  slowly  absorbs 
additional  moisture.  Thus,  it  is  readily  seen  that  the  cj'an- 
amide  used  in  these  mixtures  might  easily  have  contained  a 
considerable  quantity  of  combined  water,  which  would  be 
liberated  on  the  addition  of  sulfuric  acid,  giving  the  low  re- 
sults noted  above  with  the  Gunning-Forster  method. 

In  contrast  to  the  unsatisfactory  results  given  bj'  other 
methods,  those  obtained  with  the  Davisson-Parsons  method 
are  highly  satisfactory  and  suggest  the  greater  applicability 
of  the  method  to  fertilizers  in  general.  Further  work  on 
this  method  with  the  view  to  its  adoption  as  an  official  method 
for  total  nitrogen  including  nitrates  therefore  seems  highly 
desirable. 
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Determination  of  the  True  Specific  Gravity  of  Coke' 

By  Harold  J.  Rose 
TnB  KoppBus  Company  Laboratorib9,  Mullon  Institutb  of  Industriau  RiisBARrn,  Pittsburoii,  Pa. 


Some  of  the  methods  in  use  for  the  determination  of  the  true  specific 
graoity  of  coke  vary  in  important  respects.  This  paper  is  presented 
to  show  the  urgent  need  of  an  official  method  for  this  determination. 

Data  are  given  to  show  the  effect  of  the  degree  of  pulverization  of 
the  sample,  the  nature  of  the  liquid  used,  the  time  of  boiling  and 
standing,  and  the  effect  of  partial  vacuum. 

When  60-mesh  coke  samples  were  pulverized  to  pass  a  200-mesh 
sieve,  the  true  specific  gravity  was  found  to  increase  by  as  much  as 
12.7  per  cent.  The  greatest  increase  was  noted  in  the  case  of  cokes 
which  had  been  made  below  800  °  C. 

When  the  e_ffect  caused  by  a  change  of  liquids  was  examined, 
benzene  was  found  to  give  much  the  lowest  results.     Figures  obtained 


by  using  benzene  were  as  much  as  8.1  per  cent  lower  than  those 
obtained  by  using  water. 

The  true  specific  gravity  of  coke  is  usually  determined  for  the 
purpose  of  calculating  the  porosity  of  the  sample  in  question.  The 
discrepancies  mentioned  above,  when  expressed  in  terms  of  porosity, 
amount  to  as  much  as  30  to  50  per  cent  of  the  total  variation  in 
porosity  which  will  be  found  in  different  blast-furnace  cokes. 

Variations  of  the  time  of  boiling  and  standing  in  the  welling  liquid, 
and  the  use  of  partial  Vacuum  during  boiling,  also  produced  dis- 
crepancies, although  these  were  considerably  smaller  than  those 
mentioned  above. 


THE  TRUE  specific  gravity  of  coke  is  usually  determined 
for  the  purpose  of  calculating  its  porosity.  It  is  also 
of  some  value  in  judging  the  temperature  at  which 
tlie  coke  has  been  made.  A  number  of  methods  for  tliis 
determination  have  been  published,  but  it  appears  that  the 
problem  is  more  complex  than  has  been  generally  recognized. 

According  to  methods  published  or  in  use,  the  determina- 
tion may  be  made  with  pycnometer,  volumeter,  or  by  weigh- 
ing coke  pieces  suspended  from  the  beam  of  a  balance.  Some 
of  these  types  of  apparatus  involve  experimental  errors  and 
difficulties.  The  size  of  the  particles  of  sample  used  in  the 
different  methods  varies  from  a  fine  powder  to  full-sized  coke 
pieces,  and  the  exact  fineness  is  not  always  specified.  For 
the  wetting  liquid,  water  and  organic  liquids  such  as  benzene, 
toluene,  alcohol,  and  carbon  bisulfide  are  variously  used. 
Finally,  boiling  for  long  periods  and  the  use  of  a  partial 
vacuum  may,  or  may  not,  be  specified. 

It  was  recently  necessary  in  this  laboratory  to  make  a  large 
number  of  determinations  of  the  true  specific  gra\-ity  of  coke 
with  somewhat  greater  accuracy  than  that  required  for  usual 
testing  purposes.  It  was  soon  found  that  serious  discrepan- 
cies were  obtained  when  the  kind  of  liquid  was  changed,  or 
the  degree  of  fineness  of  the  sample  was  varied. 

A  survey  of  the  scattered  information  available  on  the 
determination  of  the  true  specific  gra\dty  of  coke  soon  indi- 
cated the  desirability  of  making  a  brief  compilation  and 
comparison  of  a  number  of  the  methods  that  have  been 
published  or  are  in  extended  use.  Unfortunatel}',  space  is 
not  available  for  this  r6sum6,  and  since  methods  in  steel  and 
coke  plant  use  are  for  the  most  part  unpublished,  references 
cannot  be  given.  It  will  be  sufficient  to  state  that  such  meth- 
ods exist  in  considerable  variety,  and  are  in  some  cases 
obviously  inaccurate. 

Effect  of  Fineness  of  Sample 

If  the  cellular  nature  of  coke  and  its  mode  of  formation  be 
considered,  it  will  be  reaUzed  that  a  larger  or  smaller  per- 
centage of  the  total  cell  space  may  exist  as  small  isolated  cells. 
Unfortunately,  this  feature  cannot  be  directly  shown,  as  no 
comprehensive  microscopic  study  of  coke  cell  structure  is 
available.  Such  cell  spaces  will  not  be  penetrated  by  liquid 
in  a  true  specific  gravity  determination,  unless  the  cell  walls 
have  been  broken  by  sufficiently  fine  grinding. 

■  Received  March  28,  1922.  Presented  before  the  Division  of  Industrial 
and  Engineering  Chemistry  at  the  63rd  Meeting  of  the  American  Chemical 
Society,  Birmingham,  Ala.,  April  3  to  7,  1922. 


It  is  for  this  reason,  presumably,  that  many  methods  re- 
quire the  use  of  finely  powdered  coke,  the  degree  of  fineness 
when  specified  ranging  from  40  to  80  mesh.  It  has  been 
found  in  this  laboratory  that  a  very  distinct  increase  in  the 
true  specific  gra\dty  is  obtained  when  the  pulverization  is 
carried  to  a  still  greater  extent.  No  comparisons  have  been 
made  with  methods  involving  the  use  of  large  coke  pieces,  as 
this  practice  does  not  seem  defensible  from  anj'  standpoint. 

EXPERIMENTAI,     D.\TA     ON     INFLUENCE     OF     FINENESS — 

Table  I  gives  data  concerning  the  effect  of  fineness  of  pulveri- 
zation on  the  true  specific  graxity  figure.  The  sample  used 
consisted  of  a  mi.xturo  of  the  middle  thirds  (the  "cauliflower" 
and  center  of  oven  ends  being  rejected)  of  two  fuU-sized  pieces 
of  by-product  coke  made  from  100  per  cent  high  volatile 
West  Virginia  coal. 

The  material  was  first  crushed  to  20-mesh  size  by  means 
of  steel  rolls.  500  g.  were  then  placed  in  an  Abb4  pebble 
mUl — a  porcelain  jar  7  in.  in  inside  diameter,  and  7  in.  deep, 
half  filled  with  quartz  pebbles.  The  pebble  mill  made  54 
r.  p.  m.  100  g.  portions  were  removed  after  the  following 
intervals:  1  hr.  15  min.,  2  hrs.  15  min.,  5  hrs.  15  min.  The 
remaining  200  g.  were  made  into  a  thin  paste  with  distilled 
water  and  were  pebble-mUled  for  another  24  lirs.  Another 
sample  was  prepared  bj'  repeatedly  passing  a  part  of  the 
original  20-mesh  sample  through  steel  rolls,  and  sieving.  This 
process  was  continued  until  all  had  passed  through  a  60-mesh 
sieve. 

A  portion  of  each  sample  was  dry-sieved  in  order  to  obtain 
an  approximate  idea  of  its  fineness.  Ash  determinations 
were  also  made  in  duplicate,  to  find  out  whether  or  not 
mineral  impurity  was  introduced  during  the  prolonged  grind- 
ing. 

The  determinations  in  Table  I,  and  all  others  reported  in 
this  paper,  were  made  in  the  following  manner,  except  where 
otherwise  noted. 

Method  Used — A  10-g.  sample  of  coke  which  had  been 
dried  at  105°  C.  was  introduced  into  a  50-cc.  volumetric  flask 
provided  with  a  ground-glass  stopper.  The  flask  was  filled 
about  one-tliird  fuU  with  C.  P.  benzene,  and  the  mixture 
gently  boiled  on  an  electric  hotplate  for  one-half  hour.  The 
flask  was  cooled,  filled  approximatelj'  to  the  mark  with  ben- 
zene, and  placed  for  at  least  15  min.  in  a  water  bath  kept  at 
exactly  25°  C.  The  meniscus  was  adjusted  to  the  mark  at 
that  temperature,  and  the  flask  was  stoppered,  wiped  dry, 
and  weighed. 
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The  calculations  were  made  as  follows: 

Let  S     =  weight  of  coke  sample 

B    =  weight  of  flask  filled  with  benzene 

D    =  weight  of  flask,  coke,  and  benzene  (after  boiling). 

Then  S 

True  specific  gravity  =  g  ,   g  _  p    X  sp.  gr.  benzene 

All  results  given  in  this  paper  have  been  calculated  to 
fnie  specific  gravity  at  25°  C,  referred  to  water  at  15.5°. 
(1.5.5°  C.  is  the  usual  coke  plant  standard  and  approxi- 
mates 60°  F.) 

Tabub  I 

Ash  True 

Sahplb        Method  of  Sieve  Test  Content       Spbcikic 

No.         Preparation  Per  cent  Per  cent       Gravity 

A-1         StceUroUcd  Through  60  mesh  7.01  1.699 

On  100  mesh  38.0  1.698 

On  200  mesh  34.8 

Through  200  mesh     27 . 2 

Av.     1.699" 
A-2  Pebble-milled        Through  60  mesh  7.06  1.678 

1  hr.  IS  min.     On  100  mesh  25.2  1.671 

On  200  mesh  46.8 

Through  200  mesh     28 . 0 

Av.     1.675 
A3  Pebhle-mUled        Through  60  mesh  7.10  1.710 

2hr5.  lomin.     On  100  mesh  1.2  1.700 

On  200  mesh  34.8 

Through  200  mesh     64.0 

Av.     1.705 

A-4  Pebble-milled        Through  200  mesh   100.0       7.09  1.739 

Shrs.  ISmin.  1.731 

1.734 
Av.     1   735 
A-5  Pebble-mUled        Through  200  mesh   100.0       9.02  1   753 

Shrs.  15  min.  1.7.i3 

dry,  plus    24  Av.     1   753 

hrs.  wet 
>  A  possible  explanation  of  the  fact  that  this  value  is  higher  than  the 
succeeding  one  is  that  metallic  iron  may  have  been  introduced  during  re- 
peated passage  through  the  steel  rolls. 

Note:  Portions  of  the  same  sample  of  benzene  were  used  throughout, 
and  under  identical  conditions,  so  that  the  results  above  arc  strictly  com- 
parable. 

Comments  o.v  Table  I:  (1)  Since  the  wet-pebbic  milling  of 
coke  for  24  hrs.  resulted  in  a  2  per  cent  increase  in  ash  content, 
this  treatment  would  not  be  permissible.  The  rise  in  the  true 
specific  gravity  figure  after  wet  grinding  is  0.018  The  calcu- 
lated effect  of  the  introduction  of  1 .9.3  per  cent  quartz  happens 
to  be  exactly  0.018.  Thus,  in  this  instance,  there  appears  to  be 
no  real  gain  in  the  true  specific  gravity  when  200-mesh  coke  is 
pulverized  still  finer. 

(2)  Dr>'-pebble  milling  of  a  large  sample  for  as  long  as  5  hrs. 
did  not  introduce  more  than  a  trace  of  mineral  impurity. 

(3)  The  maximum  and  minimum  acceptable  figures  obtained 
above  show  a  variation  of  0.000,  which  amounts  to  3.4  per  cent. 

From  an  examination  of  the  results  of  other  tests  made  at 
the  same  time,  it  was  soon  found  that  the  effect  of  fineness  of 
pulverization  was  still  greater  in  the  case  of  cokes  made  at 
comparatively  low  temperatures  (below  8(X)°  C).  To  secure 
information  on  thi.s  point,  several  series  of  cokes  were  made 
in  the  laboratory  at  various  temperatures.  In  making  these 
cokes  a  standard  practice  was  followed,  which  proved  to 
yield  coke  mo.'st  nearly  comparable  to  that  obtained  in  full- 
scale  operation. 

The  cokes  obtained  were  crushed  to  20-mesh  size  and  di- 
vided into  two  portions.  One  portion  was  crushed  in  a 
diamond  steel  mortar  to  just  pass  60  me.«h.     The  other  half 

Tahue  II 
Temp,  of  True  Sp.  Or,       Increase  of  Sp. 

Sahplr  Coking  o(  Coke  Gr.  Due  to 

No.  Dbscription  "  C.         60  Mesh    200  Mesh    Pulverization 

B    Laboratorv    coke     made  700  1 .  .W8  1.702  0.144 

from      1(H)      per     cent  7.')0  1   633  1.798  0.165 

Pillshurch  Scam,  high  8S0  1.742  1.817  0.075 

volatile,  onl  950  ...  1.823 

C    S«me  col.     1.-.  H    except  700  1.639  1.723  0.084 

that    wlKii    iii,,,K-     the  7.50  1.693  1.800  0.107 

heating  was  ...Tiiinued  8.50  1.81S  1.863  .        0.048 

for    2  hn.    L.tinr  050  1.842  1.886  0.044 

D    Laboratory    coke     made      780  1.547  1.743  0.196 

from  a  mixture  of  80      8*0  1.677  1.735  0.058 

per     cent     Pidsburgh      B50  1.840         1.846  O.OOfi 

Seam  coal  and  20 
per  cent  low  volatile 
material 


was  pulverized  for  about  3   hrs.  in  an  Abb6  pebble  mill, 
until  it  readily  passed  through  a  200-mesh  screen. 

Table  JI  gives  the  results  of  tests  on  these  cokes.  The 
determinations  were  carried  out  in  the  same  way  as  described 
for  Table  I. 

Comments  on  Table  II:  (1)  The  effect  of  fineness  of  pulver- 
ization is  greatest  in  the  case  of  cokes  made  in  the  laboratory  at 
700°  and  750°  C,  the  discrepancies  at  these  temperatures  averag- 
ing 8.6  per  cent,  and  reaching  a  maximum  of  12.7  per  cent. 

(2)  When  calculated  to  porosity 

f  Porosity  =   100  -   ^00  X  apparent  sp.  gr.X 

\  true  sp.  gr.  / 

assuming    for    convenience    an    apparent    specific    gravity   of 

0.900,  these  discrepancies  average  4.5  per  cent  with  a  maximum 

of  6.6  per  cent. 

(3)  Since  the  actual  range  of  porosity  of  different  blast  furnace 
cokes  is  only  about  15  per  cent  (from  42  to  57  when  determined 
by  a  particular  method),  as  small  a  matter  as  the  degree  of 
fineness  of  pulverization  of  a  particular  sample  may  make  a 
difTerence  40  to  50  per  cent  as  great  as  the  variation  to  be  ex- 
pected between  the  densest  and  most  porous  cokes  in  use.  It 
is  clear  that  the  degree  of  pulverization  must  be  carefully  regu- 
lated. 

Variations  Due  to  the  Liquids  Used 

A  series  of  determinations  was  made,  using  water,  benzene, 
carbon  tetrachloride,  and  carbon  bisulfide.  The  organic 
liquids  had  been  obtained  from  standard  chemical  supply 
houses,  and  were  labeled  "pure"  or  "C.  P."  The  specific 
gravity  of  these  liquids  was  determined  by  pycnometer, 
under  the  same  conditions  as  were  used  for  the  tests  with 
coke.  Except  for  the  variation  in  liquids  used,  the  deter- 
minations of  Table  III  were  made  according  to  the  method 
immediately  preceding  Table  I. 

Table  III 

. True  Specific  Gravity  of  Coke ■ 

Sample  Carbon  Carbon 

No.                               Water               Benzene  Tetrachloride  Bisul6de 

A-5   (Sec  Table  I)       1.838                  1.7.50  1.851  1.805 

1.865                  1.750  1.823  1.887 

Average 1.852                  1.750  1.837  1.876 

The  low  figure  for  true  sjjecific  gravity  obtained  by  using 
benzene  will  at  once  be  noted.  While  the  agreement  between 
individuals  of  duplicate  determinations  is  not  especially  good 
in  some  of  these  cases,  the  low  results  obtained  with  benzene 
are  much  too  large  to  be  ascribed  to  experimental  error. 
The  variation  between  results  obtained  by  benzene  and  water 
in  the  instance  above  is  0.102.  Several  more  determinations 
were  made  to  further  compare  the  results  obtained  by  using 
benzene  and  water. 

Table  IV 

True  Specific  Gravity  of  Cokb 
Lowering  of  True 
Sample  Specific  Gravity 

No.              Description  Water      Benzene     Due  to  Benzene 

A-1         (See  Table  I)  1.870         1.699 

1 .  828         1 .  698 
Average 1.849'        1.699  0.150 

A-3         (Sec  Table  I)  1.876  1.753 

1.869         1.753 
Average 1.873'        1.753  0,120 

E       200mcsh        sample      "Cauli- 

Howcr"  '/]  of  two  pieces  of     1.922  1.809 

coke    made    from    100    per     1   901  1.804 

cent  high  vol.  W.  Va.  coal 

Average 1.912'       1.807  0.105 

F        Byproduct  coke  from  mixture     1.965  1,907 

of  three  Colorado  coals  1 .  924  1 .  934 

Average 1.945  1.920  0.026 

>  These  determinations  were  made  by  boiling  for  2'/]  hrs.  under  moderate 
vacuum. 

The  largest  lowering  of  specific  gravity  due  to  the  use  of 
benzene  that  is  recorded  in  Table  IV,  isO.150,  or  8.1  per  cent. 

When  calculated  to  "porosity,"  as  explained  in  the  com- 
ments on  Table  II,  this  discrepancy  will  be  about  30  per  cent 
as  great  as  the  total  variation  in  porosity  of  the  most  widely 
different  blast-furnace  cokes. 
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Variation  Dub  to  Prolonged  Boiling  and  Standing 

It  was  considered  desirable  to  determine  whether  pro- 
longed boiling  or  standing  would  increase  the  true  specific 
gravity  figure.  The  following  determinations  were  made 
according  to  the  method  preceding  Table  I,  except  for  the 
variation  in  the  time  of  boiling  and  standing. 


Tablb  V 

TruB  Spbcific  Gravity  of  Coke 
(Time  in  Benzene) 

Description 

Vi.Hr. 
Boiling 

3  Hrs.  Boiling  and 
3  Hrs.       16  Hrs.  Standing 
Boding             in  Cold 

Through  60  mesh 
(Sec  Table  I) 

1.699 
1.698 

1   711                1.714 
1.706                1.709 

Average.  . 

1.609 

1.709               1.712 

Through  200  mesh 
(See  Table  I) 

1.731 
1.739 
1.734 

1.755               1.748 

1.755                1.748 

1.741 

Average. . 

1.735 

1.755               1.746 

It  will  be  seen  that  the  efifect  of  prolonged  boiling  and 
standing  is  not  large,  the  greatest  discrepancy  noted  above 
being  0.020,  and  the  average  about  half  that. 

Variation  Due  to  Use  of  Vacuum 

Since  most  methods  which  employ  water  specify  the  use 
of  partial  vacuum,  it  is  of  interest  to  know  the  importance  of 
this  detail,  especially  as  the  use  of  vacuum  often  introduces 
considerable  experimental  difficulty  due  to  frothing.  Only 
a  single  pair  of  determinations  is  available  to  illustrate  this 
point. 


Table  VI 

True  Specific  Gravity  of  Coke 

S^n 

'/i  Hr.  Ordinary 
Boiling 

2'/'  Hrs.  Boiling 
under  Partial  Vacui 

A-5       (Se. 

;  Table  1) 

1.838 
1.865 

1.880 
1.873 

Average.  , 

1.852 

1.877 

General  Discussion  of  the  Discrepancies 

The  purpose  of  this  paper  is  to  point  out  the  necessity  for 
the  adoption  of  an  official  method  for  the  determination  of 
the  true  specific  gravity  of  coke. 

For  important  discussions  as  to  the  causes  of  large  dis- 
crepancies in  the  determination  of  the  density  of  charcoal, 
the  reader  is  referred  to  the  work  of  Cude  and  Hulett,^  and 
to  that  of  Harkins  and  Ewing.'  These  investigators  have 
made  an  extensive  study  of  the  determination  of  the  density 
of  activated  charcoal,  using  elaborate  apparatus  and  extremely 
refined  methods. 

Cude  and  Hulett  find  that  the  liquid  used,  the  fineness  of 
pulverization  of  the  sample,  and  the  time  of  standing  in  con- 
tact -with  the  liquid,  all  have  an  important  effect  on  the  result 
obtained.  For  example,  the  specific  gravity  of  18-  to  20-mesh 
charcoal  obtained  by  using .  carbon  bisulfide  was  0.337 
higher  than  that  obtained  by  using  carbon  tetrachloride. 
The  values  obtained  when  water  and  benzene  were  used 
were  intermediate,  benzene  giving  a  figure  0.057  lower  than 
that  obtained  by  water.  This  last  difference  is  of  the  same 
sign  and  of  about  the  same  magnitude  as  the  writer  has 
found  when  using  coke. 

The  effect  of  fineness  of  pulverization  as  found  by  these 
investigators  is  shown  by  the  foUomng  example:  When  a 
charcoal  sample  of  1.95  nun.  grain  size  was  pul\erized  to 
0.001  mm.  grain  size,  the  specific  gra\'it}'  was  found  to  in- 
crease by  0.137.  Water  was  used  as  the  wetting  liquid. 
When  18-  to  20-mesh  charcoal  was  aUowed  to  stand  in  water 
for  227  hrs.,  the  specific  gra^^ty  increased  by  0.094. 

The  authors  state:  "As  a  first  approximation  we  have 
considered  the  penetration  to  be  proportional  to  the  surface 

tj.  Am.  Chem.  Soc..  42  (1920),  391. 
•  Ibid.,  43  (1921),  1787. 


tension  of  the  liquid  and  inversely  proportional  to  its  vis- 
cosity." 

Ilarkin.s  and  Ewing  investigated  the  use  of  eleven  different 
liquids.  They  found,  however,  that  in  every  case  benzene 
gave  a  higher  specific  gravity  than  water,  this  difference  in 
the  three  cases  given  being  0.165,  0.183,  and  0.151.  They 
suggest  that  their  samples  were  more  thoroughly  outgassed 
than  those  of  Cude  and  Hulett.  Harkins  and  Kwing  found 
that  a  given  sample  would  absorb  different  volumes  of  dif- 
ferent liquids,  the  volumes  increasing  with  the  compressibility 
of  the  liquid  in  question. 

The  writer  has  seen  several  comparLsons  of  the  use  of 
benzene  and  water  which  have  been  made  by  coke  plant 
laboratories.  In  general,  these  figures  were  too  erratic  to 
be  of  much  value.  They  did,  however,  indicate  that  a  con- 
sistent difference  was  not  to  be  expected  in  results  obtained 
by  the  two  methods. 

Suggested  Official  Method 

The  determination  of  the  actual  volume  of  coke  substance 
present  in  a  given  sample  may  prove  to  be  a  difficult,  or  per- 
haps nearly  impossible  matter.  If  this  should  prove  to  be 
the  case,  an  arbitrary  choice  will  have  to  be  made.  For  such 
an  arbitrary  choice,  the  writer  suggests  the  use  of  wat«r  as  a 
wetting  liquid,  the  use  of  very  finely  pulverized  coke  (200 
mesh),  and  a  30-min.  boiling  period.  The  u.se  of  vacuum 
may  prove  to  be  necessary,  but  the  convenience  of  the  method 
would  be  much  increased  if  this  feature  could  be  omitted. 

Water  is  recommended  because  it  is  readily  obtainable  in 
a  pure  condition  and  is  noninflammable.  Cude  and  Hulett 
consider  water  to  have  a  greater  penetrative  power  than 
benzene,  and,  according  to  tliis  viewpoint,  the  specific  gravity 
figure  obtained  bj'  using  water  would  be  more  nearly  correct 
than  the  lower  figure  obtained  by  using  benzene. 
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Piracy 

In  discussing  the  purchase  of  apparatus  in  the  editorial  "Our 
Viewpoint,"  March  1922  issue,  we  called  attention  to  the  prac- 
tice of  some  dealers  who  have  come  into  the  chemical  field  with- 
out experience  with  littie  responsibility  and  with  the  apparent 
purpose  of  making  a  profit  on  one  order  without  regard  to  the 
future.  There  has  now  come  to  our  notice  a  list  of  laboratory 
supplies,  poorly  mimeographed  on  both  sides  of  the  sheet  and 
made  up  almost  entirely  from  the  catalogs  of  such  reputable 
dealers  as  Eimer  &  Amend,  Arthur  H.  Thomas,  and  Centra) 
Scientific  Company.  The  b'st  purports  to  be  the  catalog  of  the 
concern  circulating  it,  and  on  the  first  page  we  find  some  queer 
bedfellows.     The  following  is  copied  from  the  list: 

25  Arsenic  Apparatus  Marsh's  on  wood  support  276  E  &  A  145/1..      51-75 

26  Automatic  Mauser  (German)  pistols  brand  new  calibre  6.35  m/m 

(.25*)  new  model  10  shot  will  fit  American  Ammunition 14.00 

25  Ditto  7.65  m/m  (.32")  9  shot 18.00 

12  Balances,  Hand  scale,  horn  pan  10  cm.  beam  454  E  &  A  392 1.50 

5  Ditto  15  cm.  beam 2.25 

The  layman  finds  many  unusual  things  in  a  list  of  chemical 
apparatus,  but  never  before  have  we  found  automatic  German 
revolvers  and  ammimition  listed  with  arsenic  apparatus  and 
balances.  The  large  number  of  firearms  with  which  bandits  are 
supplied  may  have  a  foreign  origin,  and  in  any  event  we  can  offer 
no  more  striking  example  of  imfair  competition  with  established 
dealers  than  this  instance. 
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Chemistry  of  Wood'' 

V — ^Results  of  Analysis  of  Some  American  Woods 

By  G.  J.  Ritter'  and  L.  C.  Fleck* 

Forest  Products  Laboratory.  Department  oi"  Agricultdrb,  Madison,   Wisconsin 


The  analyses  of  some  American  woods,  as  set  forth  in  the  following 
article,  gioe  the  following  results: 

Hardwoods  show  a  higher  acetic  acid  content  than  softwoods  hy 
the  acid  hydrolysis  process.  Hardwoods  average  about  100  per 
cent  higher  in  pentosan  content  than  softwoods. 

Softwoods  haoe  a  higher  methyl  pentosan  content  than  hardwoods. 
The  methoxy  content  of  softwoods  Is  approximately  85  per  cent  of 
that  found  in  hardwoods. 

The  cellulose  isolated  from  the  different  species  varies  in  furfural- 
producing  substances.  Softwood  cellulose  retains  from  38  to  56 
per  cent  of  the  furfural-yielding  bodies  in  the  original  wood,  and 
hardwood  cellulose  retains  from  57  to  66  per  cent  of  the  furfural- 
yielding  bodies. 

Beta-cellulose  content  is  higher  in  softwoods  than  in  hardwoods. 

.Apparently  the  acetic  acid  content  obtained  by  acid  hydrolysis 
is  lower  than  that  obtained  by  destructive  distillation. 

The  analyses  of  eight  species  of  woods  not  previously  determined 
are  given. 

AMERICAN  forests  are  rapidly  becoming  depleted 
of  certain  species  of  woods.  The  industries  using 
these  particular  species  are  turning  with  increased 
interest  to  the  use  of  other  woods  with  similar  physical  and 
chemical  properties.  Where  such  similar  essential  charac- 
teristics occur  in  two  or  more  woods,  it  is  possible  in  many 
cases  to  substitute  one  for  the  other.  In  considering  different 
woods  for  the  same  use,  certain  properties  might  be  classifipd 
as  primary  and  others  as  .secondary.  If  the  primary  prop- 
erties are  satisfactory  and  the  secondary  are  not,  it  may 
be  possible  by  various  treatments  to  render  the  woods  suitable 
for  the  required  purpose.  This  is  strikingly  illustrated  in 
the  paper  industry,  in  which  some  woods  are  given  the  soda 
treatment,  some  the  sulfate  treatment,  and  still  others  the 
sulfite  process  treatment,  in  order  to  obtain  pulp  for  paper. 

If  data  were  available  on  the  chemical  composition  of 
more  of  the  important  American  woods,  it  is  believed  that 
the  wood-using  industries  could  in  some  cases  use  woods 
in  new  processes,  and  in  other  instances  utilize  woods  now 
considered  of  little  value.  With  this  in  mind  further  work 
was  done  at  the  Forest  Products  Laboratory  on  the  study 
of  the  chemical  composition  of  some  American  woods,  a 
project  which  was  begun  by  A.  W.  Schorger'  and  continued 
by  S.  A.  Mahood  and  D.  E.  Cable.'' 

In  selecting  the  woocls  for  this  comparative  analysis,  an 
attempt  was  made  to  take  some  of  the  more  useful  woods 
which  would  confirm  or  disprove  the  general  belief  (1)  that 
there  is  a  relation  between  the  density  and  the  chemical 
composition  of  wood,  and  (2)  that  there  is  a  relation  between 
the  susceptibility  to  decay  and  the  cellulose  content  of  differ- 
ent species.  With  these  two  seemingly  jiossible  conditions 
in  mind,  woods  ■with  extremely  high  densities,  such  as  hickory, 
others  with  extremely  low  densities,  as  balsa,  and  some  with 

I  rrcscnlcil  before  Section  of  Cellulose  Chemistry  at  the  63rd  McctiiiE 
of  the  American  Chemical  Society.  Birmingham,  Ala.,  April  3  to  7,  1922 
•  Published  by  permission  of  the  Department  of  Agriculture. 
'  Chemist  in  Forest  Products  Laboratory,  Madison,  Wis. 
<  A9si.stant  Chemist  in  Forest  Products  Laboratory,  Madisbn,  Wis. 
•This  Joukhai,,  I  (1917).  S50. 
'  Ibid.,    11    (IBM).   873;    14    (1922),  933. 


intermediate  specific  gravity  were  selected.    These  woods 
are  as  follows: 


Species 
Western  yellow  pine 

(Pinus  ponderosa) 
Yellow  cedar 

(Chamaecyparis  nootkatensis) 
Incense  cedar 

{Libocedrus  decurrens) 
Tanbark  oak 

{Quercus  densifiora) 
Redwood  (heartwood) 

(Sequoia  sent pervir ens) 
Mesquite 

(Prosopis  julifiora) 


Ilalsa 

iOchroma  lagopus) 
Shellbark  hickory 

(Ilicoria  ovata) 


Where  Obtained 
Coconino  Co.,  Arizona 

Snohomish  Co.,  Washington 

Fresno  Co.,  California 

Trinity  Co.,  California 

Shipment  from  Pacific  Lumber  Co., 
California 

Shipment  from  Board  of  Commis- 
sioners of  Agriculture  and  Forestry, 
Division  of  Forestry,  Honolulu, 
Hawaii 

Shipment  from  An 
New  York 

Harrisonburg  Co.,  Virginia 


Balsa  Co., 


The  results  obtained  from  the  analysis  of  the  eight  woods 
are  given  in  Table  I.  In  the  analytical  work,  which  followed 
the  methods  described  by  the  former  investigators,  all  samples 
except  incense  cedar  and  mesquite  were  run  in  duplicate. 
The  results  tabulated  are  the  average  of  the  two  determina- 
tions. The  data  relative  to  redwood  are  not  exactly  com- 
parable with  the  results  obtained  on  the  other  species  shown 
in  Table  I,  as  the  sapwood  showed  decay,  and  the  heartwood 
only  could  be  analyzed. 

Discussion  op  Results 

Ash  Contf.nt — The  ash  in  the  hardwoods  runs  con- 
siderably higher  than  in  the  conifers.  Balsa,  which  weighs 
about  7  lbs.  per  cu.  ft.,  has  an  unusuallj'  high  ash  content 
as  compared  with  the  other  species  Usted  in  the  table.  Esti- 
mated on  a  ton  basis,  balsa  would  be  a  good  source  of  potash, 
provided  its  ash  is  high  in  potassium.  Measured  on  a  cord 
basis,  however,  the  yield  of  potash  is  lower  than  in  other 
hardwoods. 

Cold  Water  Soluble  Content — The  outstanding  fea- 
tures of  the  cold  water  solubility  determinations  are  shown 
in  connection  with  mesquite  and  balsa.  The  former  has 
an  exceptionally  high  cold  water-soluble  content,  owing  to 
the  mesquite  gum.  The  latter  has  a  low  cold  water-soluble 
content  because  it  contains  very  little  tannin  or  gum.  The 
redwood  runs  fairly  high  in  water-soluble  material,  undoubt- 
edly because  of  the  large  amount  of  tannin. 

Hot  Water-Solublb  Content — The  hot  water-soluble 
content  is  from  1  to  2.5  per  cent  higher  than  the  cold  water- 
soluble  content.  The  hot  water-soluble  material  of  redwood 
is  9.8G  per  cent.  This  is  considerably  less  than  the  tannin 
content  of  the  same  wood  reported  by  Scalione.' 

Ether-Soluble  Content— The  general  idea  prevails 
that  the  ether-soluble  content  is  higher  in  conifers  than  in 
the  hardwoods.  Exceptions,  however,  are  redwood  among 
the  conifers,  and  mesquite  and  balsa  among  the  hardwoods. 
As  would  be  expected,  western  yellow  pine  has  the  highest 
ether  extract  in  this  series  of  woods. 

'  This  Journai..  11  (1919),  643. 
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Tadlu  I — Analvsks  o»  Woods 
(Results  In  percentage  of  oven-dry  (106°  C.)  sanipl 
— SoLuan.iTv  in . 


SpBaBs 

Sauplh 

Mois- 

TURB 

Ash 

. nOLUBI 

Cold     Hot 
Water  Water 

I.ITV  IN 

Ether 

1  Per" 

cent     , 
NaOH 

Acetic  Mktb. 
Acid     oxy 

Mkthvi 
•    P«N-     Pen- 
tosan TuSAN 

CEM.U- 
l.OSB 

Lio- 

Pento- 

In  Ccllulosi 

Methyl      a-            0- 
Pento-  Cellu-    Cellu- 
san         lose         lose 

Cellu- 
lose 

Western  yellow  pine 
(Pifllij  pondtrosa) 

141 
142 
143 
144 

5.32 
8.28 
fi.89 
6.19 

0.43 
0.42 
0.55 
0.44 

6.58 
2.97 
4.62 
3.17 

5.67 
3.40 
6.33 
4.89 

9.63 
6.62 
9.45 
6.48 

22.08 
16.68 
23.16 
19.37 

0.92 
1.24 
1.03 
1.18 

4.65 
4.02 
4.51 
4.87 

8.06 
9.96 
6.88 
6.62 

1.68 
1 .  24 
1.81 
1   77 

66,22 
.'57,72 
58,88 
56.82 

26.75 
26,85 
26,29 
27.72 

9.60 
8,97 
4.20 
4.63 

2.13 
1.97 
1.90 
1.90 

69.18 
66.17 
67.66 
55.40 

6.62 
6.64 
18.02 

30.82 
28.31 
36.80 
26.68 

Mkan 

6.42 

0.46 

4.09 

6.06 

8.52 

20.30 

1.09 

4.49 

7.35 

1.62 

67.41 

26.65 

6.82 

1.98 

62.10 

10.66 

30.13 

Yellow  cedar 
iChamaecyparis 
nootkatensis) 

161 
162 
163 
164 

3.54 
6.10 
4.87 
6.91 

0..33 
0.35 
0.62 

1.66 
3.03 
2.47 
2.74 

2.89 
3.46 
2.86 
3.23 

2.67 
3.34 
2.08 
2.11 

13.80 
14.49 
12.69 
12.67 

1.66 
1.62 
1.66 
1.64 

5.42 
5.60 
6.05 
4.92 

8.86 
8.62 
6.72 
7.37 

3.97 
3.57 
2.97 
3.17 

51.45 
.14.04 
64.78 
66.17 

33.21 
31.27 
30.43 
30.27 

8.60 
8,09 
6,65 
6,86 

2.03 
1.91 
1.66 
1.64 

62.88 
02  96 
69.37 
66.62 

11.10 
10.99 
11.64 
10.61 

26.  oa 

26.06 
28.97 
23.97 

Mean 

4.89 

0.43 

2.47 

3.11 

2.55 

13.41 

1.59 

5.26 

7.87 

3.42 

63.86 

31.32 

7.30 

1.78 

62.68 

11.06 

26.26 

Incense  cedur 
(Lihoctdrus 
dccurrens) 

165 
166 
167 

5.32 
4.63 
5.42 

0.38 
0.27 
0.38 

3.09 
2.53 
5.31 

4.87 
3.62 
7.64 

3.33 

4.69 
4.90 

17  37 
13. SI 
21   89 

0.96 
1.04 
0.73 

6.34 
6.29 
6.09 

11.07 
9.99 
10.70 

1.20 
1  .60 
1 .  20 

39,94 
44.10 
40.76 

38.14 
37.73 
37.17 

9.53 
7.90 
9,83 

2    13 
1.71 
2,13 

48,47 
41,42 
.W  90 

16.42 

12,77 
6,82 

36.11 
46.81 
42.28 

Mean 

5.12 

0.34 

3.64 

6.38 

4.31 

17  09 

0.91 

6.24 

10.65 

1   35 

41.60 

37.68 

9,08 

1,99 

46.92 

11.67 

41.06 

Redvood  (hcartwood) 
(Seouoia  semprr- 

168 
163 

9.64 
9.71 

0.22 
0.20 

7.31 
7.40 

9.77 
9.94 

1  00 
1.14 

20.06 
19.94 

1.03 
1.13 

S.27 
5.16 

7.93 
7.67 

2.77 
2.74 

48.67 
48.23 

34.18 
34.25 

7,40 

2.09 

78.81 

2.95 

18  24 

virtns) 

Mean 

0.68 

0.21 

7.36 

9.86 

1.07 

20.00 

1.08 

5.21 

7.80 

2.75 

48.45 

34.21 

7.40 

2.09 

78.81 

2.96 

18.24 

Tanbark  oak 

{Qutrcus  densifiora) 

151 
152 
153 
154 

4.10 
3.95 
3.26 
3.36 

0.78 
0.81 
0.82 
0.91 

4.14 
4.32 
4.22 
3.72 

5.25 
6.15 
5.92 
5.08 

0.74 
0.73 
0.80 
0.98 

22 .  59 
25  33 
23.91 
22.93 

5.70 
5.70 
4.40 
5.13 

5.34 
6.19 
5.35 
6.09 

20,02 
20.00 
19.13 
19.22 

None 
None 
None 
None 

59.40 
.56.60 
67.27 
58.95 

23.29 
26.07 
25.20 
24  86 

23.22 
25.46 
20.30 
22.32 

None 
None 
None 
None 

55.50 
55.91 
68.15 
57.82 

I8.81> 
2.96 
22.62' 
18.27' 

25. M 
41.  U 
19.23 
24.21 

Mean 

3.66 

0.83 

4.10 

5.60 

0.80 

23.96 

5.23 

5.74 

19.69 

None 

58.03 

24.85 

22.82 

None 

56.77 

19.92 

23.03 

Mesquite 

(Prosopis  juUjiora) 

171 
172 
173 
174 

4.53 
6.10 
6.15 
5.20 

0.57 
0.58 
0.49 
0.50 

12.66 
13.50 
12.68 
11.74 

15.27 
15.77 
15.66 
13.77 

2.20 

2!33 
2.37 

28.72 
30.08 
29.60 
26.69 

1.53 
1.70 
2.. 53 
2.37 

5.68 
5.69 
5.29 
5.66 

14.04 
13.99 
13.85 
13.95 

0.59 
0,69 
1.18 
0,34 

44.79 
45.28 

45,87 
45.97 

30.27 
30.13 
31.28 
30.22 

17.99 
17.99 
17.57 
17.44 

1.07 
1.21 

0:96 

76.00 
76.71 
76.40 
76.83 

1.73 
2.56 
2.06 
3.04 

22.27 
20.73 
21.64 
20.13 

Mean 

5.49 

0.64 

12.62 

15.09 

2.30 

28.52 

2.03 

5.55 

13.96 

0,70 

45.48 

30.47 

17.76 

0.81 

76.48 

2.35 

21.27 

Balsa 

{Ochroma  lagopus) 

175 
175 

6.50 
6.44 

2.15 
2.09 

1.86 
1.68 

2.84 
2.74 

1  27 
1.19 

20.37 
20.36 

5.75 
5.85 

5.71 
5.65 

17.61 
17.79 

0,88 
0.83 

54.04 
64.24 

26.. 52 
26.47 

19.99 

1.35 

76.64 

0.27 

24.08 

Mean 

6.47 

2.12 

1.77 

2.79 

1.23 

20.37 

6.80 

5.68 

17.65 

0.86 

54.15 

26.50 

19.99 

1.36 

76.64 

0.27 

24.08 

Hickory  (sheUbarkl 
(Hicoria  ovala) 

177 
178 

9.60 
7.39 

0.65 
0.74 

4.71 
4.86 

5.41 
5.73 

0.65 
0.62 

18.65 
19.44 

2.60 
2.42 

5.61 
5.65 

18.58 
19.06 

0.92 
0.67 

56.60 
66.85 

23,83 
23,04 

21.33 
22.45 

1.64 
1.19 

75.27 
77.38 

2.64 
3.01 

22.09 
18.61 

Mean 

8.49 

0.69 

4.78 

5.57 

0.63 

19.04 

2.51 

5.63 

18.82 

0.80 

.66.22 

23.44 

21.89 

1.41 

76.32 

2.82 

20.35 

'  Trouble  filtering 

One  Per  cent  NaOH-SoLUBLE  Content — The  alkali- 
soluble  extract  consists  primarily  of  tannins,  resin  acids, 
and  carbohydrates,  with  shght  traces  of  cellulose  and  lignin. 
The  alkaU-soluble  material  in  western  yellow  pine  and  red- 
wood averages  above  that  of  the  other  conifers.  This  is 
due  to  the  high  resin  content  of  the  former  and  the  large 
percentage  of  tannin  of  the  latter.  Tanbark  oak  and  mes- 
quite among  the  hardwoods  show  a  high  percentage  of  alkali- 
soluble  material. 

Methoxy  Content — It  will  be  noted  that  on  the  average 
the  softwoods  run  slightly  lower  in  methoxy  content  than 
the  hardwoods.  The  one  exception  is  incense  cedar,  which, 
on  account  of  its  exceedingly  high  methoxy  content,  might 
be  expected  to  compare  favorably  with  hardwoods  for  the 
production  of  methanol  by  destructive  distiDation.  It  has 
been  found,  however,  that  the  conifers  as  a  rule  produce 
scarcely  30  per  cent  as  much  methanol  as  the  hardwoods, 
even  though  their  methoxy  content  is  about  85  per  cent  of 
that  in  the  broad-leaved  species.  Consequently,  a  very 
poor  yield  of  methanol  from  incense  cedar  is  not  surprising. 
The  above  chemical  constants  are  discussed  more  fully  in 
connection  with  acetic  acid  content,  as  shown  in  Table  II. 


Table   11— Percentages   ( 

3F   Acetic   Acid, 

Methoxy.   ai 

ND   Methanol 

IN  Various  Woods 

-Methoxy  ani 

D  Methanol — . 

. Acetic  Acid . 

Zeisel 

Destructive 

Acid 

Destructive 

Method  for 

Distillation 

Species 

Hydrolysi 

is       Distillation 

Methoxy 

for  Methanol 

Birch 

4.30 

6,80> 

6,07 

1.54' 

Maple 

4.46 

5.26' 

7.25 

1.76' 

Tanbark  oak 

5.23 

6.89' 

6.74 

1.72' 

Hickory 

2.61 

5.05' 

6.63 

2.08' 

Redwood 

l.OS 

6.21 

Incense  cedar 

0,91 

6.24 

'  U.  S.  Dept. 

Agr.,  Bull 

.  508. 

'iftid.,  129. 

A  higher  jield  of  acetic  acid  is  obtained  in  all  cases  by 
destructive  distillation  than  by  acid  hydrolysis.  The  re- 
verse is  true  in  regard  to  methoxy  and  methanol. 


Pentosan  Content — As  in  acetic  acid  content  there  is 
also  a  marked  difference  in  the  percentage  of  pentosans, 
presumably  xylan  and  araban,  in  the  softwoods  and  hard- 
woods. The  analyses  of  the  eight  species  examined  show 
that  the  pentosan  content  of  coniferous  woods  is  about  50 
per  cent  of  that  found  in  broad-leaved  species.  The  average 
for  the  former  is  8.4  per  cent,  for  the  latter  17.5  per  cent. 

Methyl  Pentos.vn  Content — The  percentage  of  methyl 
pentosans  is  considerably  higher  in  softwoods  than  in  hard- 
woods. Tanbark  oak  is  the  only  one  of  aU  the  species  which 
contains  no  methyl  pentosans.  The  quantity  of  pentosans 
and  methyl  pentosans  obtained  confirms  the  conclusions  of 
Schorger'  and  of  Mahood  and  Cable.' 

Cellltlose  Content — No  marked  difference  in  the  cellu- 
lose content  of  hardwoods  and  softwoods  appears  to  exist 
in  the  eight  species  analyzed.  Of  the  hardwoods  mesquite 
is  low  in  cellulose,  and  of  the  softwoods,  incense  cedar  and 
redwood  have  a  low  percentage  of  cellulose  when  compared 
with  western  yellow  pine  and  yellow  cedar.  Cellulose  was 
prepared  according  to  the  directions  outlined  by  Schorger,' 
and  is  the  residue  left  after  the  alternate  chlorination  and 
sodium  sulfite  extraction  had  been  carried  out  until  the 
sodium  sulfite  filtrate  remained  colorless. 

That  the  cellulose  thus  obtained  differs  in  individual 
species  is  apparent  from  the  pentosan  content  of  the  cellulose 
from  the  various  woods. 

Calculated  on  the  oven-dry  weight  of  the  wood,  the  cellu- 
lose isolated  from  the  softwoods  is  from  4.5  to  5.0  per  cent 
higher  than  the  pentosan-free  cellulose;  in  the  hardwoods 
it  is  from  8.5  to  13.3  per  cent  higher.  This  is  considering 
the  pentosans  and  methji  pentosans  collectively.  If  it  were 
possible  to  extract  tlie  pentosans  and  nothing  more  from 
cellulose  of  various  woods  obtained  by  the  Cross  and  Bevan 
method,  one  might  argue  that  the  residual  material  should 

•This  Jodrnal,  9  (1917),  563. 
•  Ibid.,  14  (1922),  933. 
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Table  III — ^Distribution  op  Pentosans 
(Results  in  percentages  of  oven-dry  weight  of  wood) 


Cellulose 
Spsciss  in  Wood 

(I) 

W.  y.  pine 57.41 

W.w   pine 59.71 

YeUow  cedar 53.86 

Incense  cedar 41.60 

Redwood 48.45 

Tanbark  oak 58.03 

Eucalyptus 57.62 

Mesquite 45.48 

Balsa 54.15 

Hickory 56.22 

Cotton  (purified  cellulose),  1 .03  per 


Per  cent  Cellulose 

Cellulose 

Pentosan  Free 

0-+y- 

Hexosans 

Pentosans 

a-Cellulose 

Pentosans  Re- 

Pentosans 

Cellulose  in 

a-Cellulose 

Cellulose 

in  e-  +  T- 

in 

Pentosans  in 

tained  in 

in  Wood 

Wood 

in  Wood 

ia  Wood 

Cellnlose 

a-Cellulose 

Wood 

a-Cellulose 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

5.06 

52.35 

35.65 

21.76 

16.70 

1.82 

0.65 

12.8 

4.34 

55.37 

38.57 

21.14 

16.80 

2.05 

0.79 

18.2 

4.89 

48.97 

33.76 

20.10 

15.21 

4.60 

37.00 

19.52 

22.08 

17.48 

4.60 

43.85 

38.10 

10.35 

5.75 

13.24 

44.79 

32.94 

25.09 

11.85 

9:61 

3.  is 

zsie 

13.49 

44.13 

39.66 

17.96 

4.47 

8.48 

37.00 

35.61 

9., 87 

1.39 

3!48 

l!24 

uie 

11. .56 

42.59 

40.96 

13.19 

1.63 

2.63 

1.07 

9.2 

13.10 

43,12 

42.92 

13.30 

0.20 

cent  pentosa 

n 

be  the  same.  How  such  a  .separation  can  be  accomplished 
cannot  be  answered  by  consulting  our  present  methods  of 
analysis.  Even  if  a  clean-cut  separation  of  the  pentosans 
from  the  rest  of  the  cellulose  were  made,  the  remaining 
residues  from  the  various  woods  seem  to  differ  in  some  re- 
spects. This  can  be  illustrated  by  using  some  of  the  data 
in  Table  I  to  obtain  a  different  relationship,  as  shown  in 
Table  III.  Column  2  shows  the  per  cents  of  pentosans  which 
resist  the  treatment  for  determining  cellulose.  The  hard- 
wood cellulose  contains  a  much  higher  per  cent  of  pentosans 
than  the  softwood  cellulose.  It  was  thought  that  a  com- 
plete extraction  of  these  bodies  from  the  cellulose  could  be 
accomplished  by  using  17.5  per  cent  sodium  hydroxide, 
as  is  done  in  separating  alpha-  from  beta-  and  gamma-cellu- 
lose. If  the  figures  in  Column  4  are  subtracted  from  the 
corresponding  numbers  in  Column  1,  the  values  of  the  beta- 
and  gamma-cellulose  in  the  various  woods  are  obtained. 
In  other  words,  the  results  in  Column  5  represent  the  per 
cents  of  material  extracted  from  cellulose  with  17.5  per  cent 
NaOH.  Now,  if  the  pentosans  exist  as  such  in  the  cellulose, 
one  would  expect  a  complete  extraction  of  such  bodies  with 
17.5  per  cent  NaOH,  especially  when  it  is  noted  that  a  large 
amount  of  hexosans  is  also  dissolved  with  the  treatment. 
In  Column  6  is  found  the  i)er  cent  of  hexosans  extracted  over 
and  above  the  per  cent  of  pentosans  present.  On  this  basis, 
the  per  cents  of  hexosans  dissolved  in  the  first  four  woods 
agree  favorably.*  In  the  tanbark  oak  also  the  amount  of 
hexosans  extracted  is  high.  In  the  remaining  five  species 
the  per  cent  of  extract  in  excess  of  the  jjcntosans  present  is 
low  compared  with  the  species  mentioned  above. 

To  detennine  whether  all  the  pentosans  are  removed  from 
the  remaining  cellulose  by  a  17.5  per  cent  NaOH  treatment, 
samples  of  alpha-cellulose  of  western  yellow  pine,  western 
white  pine,  tanbark  oak,  mesquite,  balsa,  and  some  purified 
cotton  cellulose  were  subjected  to  the  regular  pentosan 
determination.  The  results  given  in  Column  7  were  obtained. 
Calculating  the.sc  results  on  the  oven-dry  basis  of  the  original 
wood  as  indicated  in  Column  8,  and  comparing  those  figures 
with  the  corresponding  ones  in  Column  2,  one  may  see  that 
a.  considerable  part  of  the  pentosans  found  in  the  original 
wood  is  still  retained  in  the  alpha-cellulo.se.  Tliis  is  shown 
on  a  percentage  basis  in  Column  i)  of  Table  III.  From 
these  figures  it  is  apparent  that  the  alpha-cellulose  isolated 
from  the  various  sources  is  not  the  same  chemically  as  is 
claimed  by  some  investigators  who  have  worked  with  too 
limited  a  number  of  samples. 

It  is  realized  that  some  will  argue  that  the  furfural  found 
by  distilling  the  alpha-cellulo.se  with  12  per  cent  HCl  might 
have  been  due  to  a  breaking  down  of  some  hexoses  formed 
by  hydroly.sis.  It  is  claimed'"  that  such  sugars  produce  small 
amounts  of  furfural  under  the  above  conditions.  According 
to  the  above  reference,  the  per  cent  of  furfural  available 
from  such  a  source  is  considerably  lower  than  the  figures  of 
this  table  show. 

'•  Browne,  "Handbook  of  Sugar  Analysis,"  p.  453. 


Another  source  of  furfural  may  be  oxyceUulose."  It  is 
possible  that  some  of  this  form  of  cellulose  may  be  present 
when  preparing  the  material  according  to  the  Cross  and 
Bevan  method.  If  the  furfural  found  when  working  with 
alpha-cellulose  in  tliis  research  came  from  oxyceUulose, 
then  it  should  be  possible  to  hydrolyze  the  alpha-cellulose 
to  a  hexose  quantitatively.  If,  however,  the  furfural  came 
from  pentosans  present  in  the  alpha-cellulose,  then  it  should 
be  possible  to  identify  some  pentose  derivatives  after  hydro- 
lyzing  the  alpha-cellulose  with  acid.  This  work  will  be 
done  later. 

From  the  data  presented  in  this  paper  it  appears  as  though 
the  celluloses  prepared  from  the  different  sources  are  not 
identical.  It  is,  perhaps,  possible  to  reduce  two  or  more 
of  them  to  the  same  stable  nucleus  by  alternate  alkali  and 
acid  treatments.  Whether  this  should  be  done  or  not  de- 
pends upon  just  how  cellulose  should  be  defined.  To  the 
writer  it  seems  that  such  a  reduction  is  carrv-ing  the  treat- 
ment to  an  extreme.  By  such  a  process  it  is  possible  to 
reduce  two  or  more  definite  individual  compounds  to  the 
same  nucleus.  For  instance,  benzoic  acid  and  phthalic 
acid  on  treatment  with  lime  produce  benzene.  Methyl 
benzene  and  ethyl  benzene  on  oxidation  give  benzoic  acid. 
In  like  manner  it  might  be  possible  to  change  two  or  more 
definite  kinds  of  cellulose  to  the  same  stable  complex.  The 
pentosans  which  withstand  the  vigorous  treatment  to  which 
they  arc  subjected  in  the  Cross  and  Bevan  process  must  with- 
out a  doubt  be  closely  bound  with  the  cellulose  molecule, 
if  not  really  incorporated  in  it.  If  one  refers  to  the  work 
of  Johnsen  and  Hovey,'-  in  which  they  discuss  the  relative 
merits  of  the  original  and  modified  methods  of  Cross  and 
Bevan  for  preparing  cellulose,  he  will  see  that  their  work 
confirms  what  has  been  found  by  the  writer.  On  page  44 
of  their  report  is  found  the  following  data: 

Tablb  IV — Comparison  of  Cbli.ui.osb  Obtained  in  Cross  and  Bsvan's 


Originai,  and  Modipibd  Methods 


Species 
Balsam  fir 
Aspen 


Cellulos. 
Original 
Method 

54.45 

60.95 


Per  cent 
Modified 
Method 
51.50 
57.25 


Furfural  in  Cellulose 


By  recalculation  and  rearrangement  of  these  data,  the  fol- 
lowing results  are  obtained: 

Table  V — Furfural  and  Pentosans  of  Original  Wood  in  the  Cellulosb 
(Percentages  are  based  on  weight  of  the  original  wood) 


Species 
Balsam  fir 
Aspen 


Loss  in 

Modified    Cellu- 

Method       lose 

61.50         2.95 

57 . 25         3 . 70 


Fur- 
fural 
0.63 
1.43 


If  the  furfural  in  Column  4  comes  from  pentosans,  then 
the  figures  in  Column  5  indicate  the  amount  of  pentosans 
extracted.    By  subtracting  the  data  in  Column  5  from  the 

•'  Browne,  "Handbook  of  Sugar  Analysis,"  p.  376. 
"  Paper.  SI  (1917-18).  36. 
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Tadi,r  VI 

—Analyses  on  Wood 

.s 

(Results  in 

percentage  of 

oven-dry  (106" 

C  )  san 

iples) 

Sampuu 
141 
142 
143 
144 

MSAN 

Mois- 

TORE 

5.32 
8.28 
6.89 
5.19 
6.42 

Asn 
0.43 
0.42 
0  55 
0.44 
0.46 

Cold 
Water 
5.58 
2.97 
4.62 
3.17 
4.09 

SOUUDILITV  IN 

1  Per 
Hot                     cent 

Water  Ether   NaOH 
5.67     9.63     22.08 
3.40     6.52      16.58 
6.33     9.45     23.16 
4.89     6.48     19.37 
5.05     8.52     20.30 

Ace- 
tic 
Acid 
0.92 
1.24 
1.03 
1.18 
1.09 

M8TH- 

4.65 
4.02 
4.51 
4.87 
4.40 

Pbnto 

8,06 
9.96 
6.88 
6.52 
7.35 

Mktiivi. 
Pen-     Cbli-u- 

T03AN        LOSE 
1.08       56,22 
1    24       57.72 
1.81       58.88 
1.77       60.82 
1.62      67.41 

Lio- 

NIN 

26.76 
25.85 
26.29 
27.72 
20.65 

CEI.LtTLOSa 

1       a-             8- 
Ccllu-    CeUu- 
lose        lose 
60.18        ... 
66.17       5  .W 
57. 65.     6,54 
55.40     19,02 
02.10     10.56 

SPBCISS 
Western  yfllow  pine 
(PtHHS  ponderosa) 

Pcnto- 

0..10 
8,97 
4.20 
4.03 
6.82 

Methy 
Pento- 

2.13 
1,97 
1,90 
1.00 
1,98 

Cellu 

lOM 

30.82 
28  31 
35.80 
25.68 
30.13 

Yellow  ccdor 
(Chamarcyparis 
noolkaletisis) 

161 
1C2 
163 
164 

MSAN 

3.54 
5.19 
4.87 
5.91 
4.89 

0.33 
0.35 
0.62 

0.43 

1.66 
3.03 
2.47 
2.74 
2.47 

2.89 
3.46 
2.86 
3.23 
3.11 

2.67 
3.34 
2.08 
2.11 
2.55 

13.80 
14.49 
12.09 
12.67 
13.41 

1.66 
1.62 
1.55 
1.54 
1.59 

6.42 
5.60 
5.06 
4.02 
6.25 

8.80 
8,52 
6.72 
7.37 
7.87 

3.97 
3.67 
2.97 
3.17 
3.42 

61.46 
64.04 
64.78 
55.17 
63.86 

33.21 
31.27 
30.43 
30.27 
31.32 

8.00 
8.09 
6.65 
5.86 
7.30 

2,03 
1,01 
1.66 
1.54 
1.78 

62.88 
02.96 
59.37 
65.52 
62.08 

11,10 
10  99 
11,64 
10.51 
11,00 

26.02 
26.05 
28,97 
23,97 
26.25 

Incense  cedar 
(Libocedrus 
itturrens) 

165 
166 
167 

5.32 
4.63 
5.42 

0.38 
0.27 
0.38 

3.09 
2.53 
5.31 

4.87 
3.62 
7.64 

3.33 
4.69 
4.90 

17.37 
13.81 
21.89 

0.96 
1.04 
0.73 

6.34 
6.20 
6.00 

11.07 
0.99 
10.70 

1.20 
1.60 
1.26 

30.94 
44.10 
40.76 

38.14 
37.73 
37.17 

0.63 
7.90 
9.83 

2.13 
1.71 
2.13 

48.47 
41.42 
50.90 

15.42 
12.77 
0.82 

36.11 
45.81 
42.28 

Mean 

5.12 

0.34 

3.64 

5.38 

4.31 

17.69 

0.91 

6.24 

10.65 

1.36 

41.60 

37.68 

0.08 

1.90 

40.02 

11.07 

41.06 

Redwood  (heart- 
wood)  (Sequoia 

168 
168 

9.64 
9.71 

0.22 
0.20 

7.31 
7.40 

9.77 
9.94 

1.00 
1.14 

20.06 
19  94 

1.03 
1.13 

6.27 
5.16 

7.93 
7.67 

2.77 
2.74 

48.67 
48.23 

34.18 
34.25 

7.40 

2.00 

78.81 

2.05 

18.24 

semperfirens) 

MSAN 

9.68 

0.21 

7.38 

9.86 

1.07 

20.00 

1.08 

6.21 

7.80 

2.75 

48.45 

34.21 

7.40 

2.00 

78.81 

2.05 

18.24 

Western  white  piile> 
f  Pin  us  monlieola) 

2 
3 
4 

6.18 
7.68 
7.00 
7.15 

0.21 
0.20 
0.18 
0.19 

2.60 
1.73 
3.92 
4.40 

3.35 
2.57 
7.25 
4.78 

4.00 
4.42 
3.98 
4.63 

13.97 
12.70 
15.92 
16.51 

1.21 
0.94 
1.37 
1.09 

4.38 
4  50 
4.86 
4.41 

6.75 
7.19 
6.48 
7.46 

3.41 
3.25 
3.33 
2.00 

.')8.53 
02.29 
.'•)9.40 
68.01 

27:22 
24.15 
27.55 
26.82 

4.47 
5.08 
5.10 
5.06 

1.59 
2,07 
1.68 
1.56 

70. 'JS 
04.34 
74.29 
49.27 

18.16 
10.09 
9.17 
27.27 

11.26 
24.07 
16.54 
23.46 

MUAN 

7.00 

0.20 

3.16 

4.49 

4.26 

14.78 

1.03 

4.56 

6.07 

3.22 

59.71 

26.44 

5.33 

1.05 

04.61 

16.32 

19  06 

I.onglear  pine' 
(Pinus  paluslris) 

11 
12 
13 
20 

0.40 
0.34 
0.35 
0.38 

7.75 
5.60 
5.40 
6.05 

8.20 
6.03 

6.78 
7.57 

6.70 
6.70 
2.65 
9.23 

24.62 
21.07 
18.89 

24.87 

0.70 
0.93 
0.62 
0.79 

5.00 
4.90 
5.26 
5.03 

7.33 
7.62 
7.57 
7.43 

3.48 
3.20 
3.87 
3.67 

55.33 
57.53 
61.41 
50.  o7 

8.38 
7.10 
7.30 
7.00 

1.20 
1.39 
1.03 
0.06 

MUAN 

0.37 

6.20 

7.15 

6.32 

22.36 

0.76 

5.05 

7.46 

3.60 

58.48 

7.71 

1.16 

Douglas  lir> 
(Pseudotsuga 
laxifolia) 

1 

3 
5 

0.40 
n.37 
0.35 
0.38 

3.79 
3.16 
2.94 
4.25 

6.62 
6.07 
6.36 
6.96 

0.94 
1.00 
1.11 
1.02 

15.82 
10.76 
15.12 
16.72 

0.93 
1.01 
1.13 
1.07 

4.81 
5.17 
4.88 
4.02 

6.03 
6.30 
6.00 
5.73 

4.24 
4.64 
4.38 
4.38 

61.97 
57.00 
63.08 
63.82 

5.56 
5!i2 

1.26 

i.ib 

MiCAN 

0.38 

3.54 

6.50 

1.02 

16.11 

1.04 

4.05 

6.02 

4.41 

61.47 

5.34 

1.20 

Western  larch' 
(Larix  occiden- 
talis) 

I 

3 
4 

0.21 
0.32 
0.22 
0.16 

10.45 
11.00 
8.16 
12.83 

12.57 
12.40 
10.08 
15.30 

0.72 
0.74 
0.93 
0.83 

22.07 
21.93 
19.44 
25.11 

0.61 
0.91 
0.76 
0.55 

5.08 
4.01 
5.08 
5.05 

11.15 
11.04 
10.22 
10.78 

2.47 
2.83 
3   14 
2.80 

58.25 
58.71 
60.91 
53.31 

0.12 
8.41 
8.07 
0.55 

1.40 
1.22 
1.24 
0.00 

MUAN 

0.23 

10.61 

12.59 

0.81 

22.14 

0.71 

5.03 

10.80 

2.81 

67.80 

8.94 

1.10 

White  spruce' 

(Picea  canadensis) 

1 

2 
3 
4 

0.33 
0.29 
0.30 
0.32 

1.28 
0.92 
1.45 
0.82 

1.88 
2.28 
2.52 
1.88 

1.95 
0.90 
0.97 
1.63 

11,33 
11.58 
12.75 
10.63 

1.58 
1.57 
1.49 
1.73 

5.31 
5.26 
5.20 
5.32 

10.78 
10.31 
10.04 
10.42 

3.08 
3.52 
3.05 
3.64 

62.61 
63.29 
60.43 
01.09 

10.26 
0.20 

6!33 

0.83 
0.68 

o!66 

Mhan 

0.31 

1.12 

2.14 

1.36 

11.57 

1.59 

5.30 

10.30 

3.55 

61.85 

9.63 

0.72 

Tanbark  oak 
(Quercus  densi- 
Hora) 

151 
152 
163 
154 

4.10 
3.95 
3.26 
3.36 

0.78 
0.81 
0.S2 
0.91 

4.14 
4.32 
4.22 
3.72 

5.25 
6.15 
5.92 
5.08 

0.74 
0.73 
0.80 
0.98 

22.59 
25.33 
23.91 
22.93 

5.70 
5.70 
4.40 
5.13 

5.34 
6.19 
5.35 
6.09 

20.02 
20.00 
19.13 
19.22 

59,40 
56.50 
57.27 
58.95 

23.20 
26.07 
25.20 
24.86 

23.22 
25.46 
20.30 
22.32 

55.50 
55.91 
58.15 
57.82 

18.81' 
2.95 
22.62» 
18.27' 

25.64 
41.14 
10.23 
24.21 

Mean 

3.66 

0.83 

4.10 

5.60 

0.80 

23.96 

5.23 

5.74 

19.59 

58.03 

24.85 

22.82 

56.77 

19.92 

23.03 

Mesquite 

(Prosopis  Juli- 
fiora) 

171 
172 
173 
174 

4.53 
6.10 
6.15 
5.20 

0.57 
0.58 
0.49 
0.50 

12.55 
13.50 
12.68 

11.74 

15.27 
15.77 
15.56 
13.77 

2.20 

2!33 
2.37 

28.72 
30.08 
29.60 
25.69 

1.53 
1.70 
2.53 
2.37 

5.68 
5.69 
5.29 
5.66 

14.04 
13.99 
13.85 
13.95 

0.59 
0.69 
1.18 
0.34 

44.79 
45.28 
45.87 
45.97 

30.27 
30.13 
31.28 
30.22 

17,99 
17.99 
17.57 
17.44 

1.07 
1.21 

o:96 

76.00 
76.71 
76.40 
76.83 

1.73 
2.56 
2.06 
3,04 

22.27 
20.73 
21.54 
20,13 

MEAN 

5.49 

0.54 

12.62 

15.09 

2.30 

28.52 

2.03 

5.55 

13.06 

0.70 

45.48 

30.47 

17.75 

0.81 

76.48 

2.35 

21.17 

Balsa 

(Ochroma  lagopus) 

175 
175 

5. SO 
6.44 

2.15 
2.09 

1.85 
1.68 

2.84 
2.74 

1.27 
1.19 

20.37 
20.36 

5.75 
5.85 

5.71 
5.65 

17.51 
17.70 

0.88 
0.83 

54.04 
54.24 

26.52 
20.47 

10.09 

1.35 

75.04 

0.27 

24.08 

MEAN 

6.47 

2.12 

1.77 

2.79 

1.23 

20.37 

5.80 

5.68 

17.65 

0.86 

54.15 

20.50 

19.99 

1.35 

75.64 

0.27 

24.08 

Hickory  (shellbark) 
(Hicoria  ovata) 

177 
178 

9.60 
7.39 

0.65 
0.74 

4.71 
4.86 

5.41 
5.73 

0.65 
0.62 

18.65 
19.44 

2.60 
2.42 

5.61 
5.65 

18.58 
19.06 

0.02 
0.67 

55.60 
56.85 

23.83 
23.04 

21.33 
22.45 

1.64 
1.19 

75.27 
77.38 

2.64 
3.01 

22.09 
18.61 

Mean 

8.49 

0.69 

4.78 

5.57 

0.63 

19.04 

2.51 

5.63 

18.82 

0.80 

56.22 

23.44 

21.89 

1.41 

76.32 

2.82 

20.35 

Eucalyptus"  (Eu- 
calyptus globulus) 

1 
2 
3 
4 

6.99 
6.55 
6.87 
5.90 

0.23 
0.20 
0.27 
0.24 

2.65 
4.93 
5.31 
5.79 

4.41 
6.96 
8.26 
8.27 

0.54 
0.52 
0.60 
0.59 

16.57 
18.42 
17.90 
21.40 

2.31 
1.97 
1.51 
1.62 

7.11 
6.37 
6.87 
6.56 

21.41 
20.66 
17.00 
20.39 

1.07 
2.14 
2.74 
2.48 

59.67 
58.53 
56.45 
55.83 

24.04 
25.24 
25.07 
26.74 

20.35 
21.62 
20.10 
21.76 

3.92 
2.44 
2.24 
1.26 

67.85 
09.75 
68.99 

2.11 
0.00 
0.00 

31.04 
31.25 
31.01 

Mean 

6.58 

0.24 

4.67 

6.98 

0.56 

18.57 

1.85 

6.73 

20.09 

2.33 

57.62 

25.07 

20.96 

2.46 

68.86 

0.70 

31.10 

Basswood>  (Tilia 
dmericana) 

1 
2 
3 
4 
5 

0.80 
0.74 
0.96 
0.94 
0.85 

2.04 
1.63 
3.14 
1.23 
2.55 

3.84 
2.94 
5.66 
3.22 
4.67 

1.50 
1.14 
3.59 
0.89 
2.68 

23.43 
21.61 
26.93 
21.46 
25.38 

5.78 
6.14 
5.46 
5.41 
6.18 

6.23 
6.05 
6.11 
5.91 
5.72 

19.82 
19.54 
20.37 
19.14 
20.79 

3.72 
3.85 
3.68 
4.16 
3.23 

62.92 
62.41 
54.66 
63.13 
63.08 

24.48 
23.54 
26.61 
21.89 
24.86 

1.19 
1.46 
1.62 
1.45 
2.00 

Mean 

0.86 

2.12 

4.07 

1.96 

23.76 

5.79 

6.00 

19.93 

3.73 

61.24 

24.28 

1.54 

Yellow  birch" 
(Belula  lulea) 

1 
2 
3 
4 

0.58 
0.57 
0.54 
0.37 

2.88 
2.58 
3.15 
2.06 

4.21 
3.87 
4.66 
3.15 

0.55 
0.67 
0.54 
0  63 

20.02 
20.20 
19.51 
19.65 

3.99 
4.39 
3.81 
5.02 

6.12 
6.03 
6.19 
5.92 

24.26 
25.40 
23.00 
25.86 

3.18 
3.12 
2.25 
2.21 

60.49 
61.08 
61.82 
61.85 

28.40 
29.96 
26.55 

1.11 
1.32 
1.04 

Mean 

0.52 

2.67 

3.97 

0.60 

19.85 

4.30 

6.07 

24.63 

2.60 

61.31 

28.30 

1.16 

Sugar  maple' 

(Acer  saccharum) 

1 

3 

4 

0.46 
0.51 
0.40 
0.3* 

2.60 
2.73 
2.94 
2.33 

4.27 
4.22 

4.78 
4.15 

0.29 
0.22 
0.30 
0.20 

16.98 
17.20 
18.04 
18.35 

4.26 
4.25 
4.60 
4.74 

7.22 
7.23 
7.25 
7.28 

21.10 
21.90 
22.21 
21.62 

2.50 
2.14 
2.05 
2.85 

00.78 
01.67 
60.20 
60.48 

21.08 
25.82 
25.83 
25.20 

1.04 
1.05 
1.00 
0.77 

Mean 

0.44 

2.65 

4.36 

0.25 

17.64 

4.46 

7.25 

21.71 

2.30 

60.78 

24.48 

0.96 

1  This  Journal,  14  (1922),  933. 
"  Ibid..  9  (1917),  556 
•Trouble  Filtering. 


■corresponding  items  in  Column  3,  the  substances  other  than 
pentosans  (hexosans)  are  Lnclicated.  In  each  case  there  is 
a  considerable  amount  of  such  substances  removed  from 


the  cellulose.  Until  a  uniform  method  of  isolating  cellulose 
is  decided  upon,  the  material  which  different  investigators 
prepare  from  the  same  source  will  undoubtedly  have  varying 
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characteri.stics  when  subjected  to  chemical  tests.  If  such 
a  complex  substance  as  cellulose  prepared  by  a  uniform 
method  from  different  sources  is  not  identical,  there  ought 
not  be  any  cause  for  concern,  for  it  might  be  possible  that 
more  than  one  kind  of  the  substance  does  exist. 

Lio.viN  Content — There  is  no  marked  distinction  in  the 
lignin  content  of  hardwoods  and  softwoods.  If  western 
yellow  pine  and  mesquite  are  eliminated  from  the  eight 
species  analyzed,  it  then  appears  as  though,  on  the  average, 
the  softwoods  have  a  higher  lignin  content  than  the  hard- 
woods. A  larger  number  of  species  must  be  analyzed, 
however,  before  a  definite  conclusion  can  be  drawn. 

Contrary  to  some  experimental  data,  it  is  generally  accepted 
that  the  methoxy  group  is  entirely  associated  with  the  lignin. 
If  this  were  the  case,  either  of  the  following  conditions  should 
obtain:  (1)  The  hgnin  content  should  be  proportional  to  the 
methoxy  content  in  the  various  species;  or  (2)  the  composi- 
tion of  the  lignin  in  different  species  must  vary. 

A  ca.se  in  which  the  total  methoxy  content  of  the  wood 
is  recovered  from  the  isolated  lignin  is  found  in  a  paper  by 
Dore"  on  "The  Distribution  of  Certain  Chemical  Constants 
of  Wood  over  Its  Proximate  Constituents."  In  this  paper 
it  was  found  that  the  methoxy  content  of  redwood  is  5.60 
per  cent.  By  determining  the  methoxy  content  of  the  red- 
wood lignin,  Dore  was  able  to  recover  the  entire  methoxy 
found  in  the  original  wood. 

In  another  paper  by  the  same  author,"  on  "The  Approxi- 
mate Analysis  of  Hardwoods,"  is  found  some  data  showing 
that  in  live  oak  the  methoxy  is  only  partially  associated  with 
the  lignin.  The  methoxy  content  of  the  original  oven-dry 
live  oak  was  found  to  be  5.80  per  cent.  Of  this  amount 
3.72  per  cent  was  associated  with  the  live-oak  lignin  The 
remaining  2.08  per  cent  methoxy  was  found  to  be  otherwise 
associated  or,  at  most,  loosely  associated  with  the  lignin. 
This,  then,  is  an  example  in  which  more  than  one-third  of 
the  total  methoxy  content  of  the  original  wood  is  not  found 
in  the  isolated  lignin.  That  the  methoxy  is  not  entirely 
associated  with  the  lignin  in  hardwoods,  and  firmly  bound 
to  the  lignin  in  softwoods,  seems  to  be  shov\Ti  by  the  above 
example.  Whether  this  condition  is  true  of  hardwoods 
and  softwoods  generally,  is  a  study  which  will  be  taken 
up  at  the  Forest  Products  Laboratory  in  the  future.  As 
is  shown  in  Table  I,  the  methoxy  content  is  not  proportional 
to  lignin.  The  proportion  between  the  two  chemical  con- 
stants does  not  even  hold  in  a  series  of  woods  belonging  to 
either  the  hardwood  or  softwood  classes. 

It  is  of  interest  to  use  the  data  on  redwood  and  live  oak 
and  calculate  the  methoxy  content  of  the  redwood  and  live- 
oak  lignins.    Following  are  the  results: 


CHiO  Conttnt 

Oven-Dry 

Wood 

Pfr  ctol 

0.2S 

5.80 


CHiO  Content 

3vcn-Dry  Wood 

in  Liftnin         i 

Per  cent 

6.28 

3.72 


Linnin  Con-       CH,0  C 
tent  of  tent  o 

>vcn-Dry  Wood       LiRnir 
Per  cent  Per  ccn 

34.5  18.17 

21.14  17.59 


From  this  table  it  appears  that  the  composition  of  lignin 
in  the  two  species  is  quite  uniform  from  the  standpoint  of 
methoxy  content.  If  this  uniformity  of  the  methoxy  content 
of  lignin  holds  in  all  woods,  then  the  methoxy  not  associated 
with  the  lignin  must  vary.  This  is  another  project  which 
will  be  investigated  in  connection  with  per  cent  of  total 
methoxy  associated  with  the  lignin,  to  which  reference  was 
made  above. 

It  is  an  experimental  fact  that  softwoods  do  not  react 
the  same  as  hardwoods  from  the  standpoint  of  methanol 
yield,   when  subjected   to  destructive  distillation.    If  the 

"This  Jocrnai.,  12  (1020).  475. 
"IbiJ..  II  (1020).  Osn. 


softwoods  have  all  the  methoxy  associated  with  the  lignin, 
and  the  hardwoods  only  a  part,  as  the  very  limited  amount 
of  data  show,  it  may  explain  why  the  broad-leaved  species 
give  higher  yields  of  methanol.  It  is  possible  that  the 
methoxy  not  combined  wth  lignin  is  more  easily  obtained 
as  methanol  than  the  methoxy  associated  ^\^th  lignin.  Under 
such  conditions,  the  greater  share  of  methanol  in  hardwoods 
would  be  derived  from  methoxy  not  associated  with  the  lignin. 
In  softwoods  it  would  originate  from  the  lignin  methoxy 
entirely. 

Pentosans  and  Methyl  Pentosans  in  Cellulose — 
F'rom  38  to  56  per  cent  of  the  pentosans  and  methyl  pentosans 
of  the  original  wood  are  retained  in  the  softwood  cellulose 
and  from  57  to  66  per  cent  in  the  hardwood  cellulose.  The 
hardwood  cellulose  is  higher  in  pentosans,  and  lower  in  methyl 
pentosans,  than  softwood  cellulose.  The  relationship  be- 
tween these  pcntose-producing  bodies  in  the  hardwood  and 
softwood  celluloses  is  similar  to  that  found  in  the  original 
species. 

Alpha-,  Beta-,  and  Gamma-Cellulose — This  determina- 
tion is  of  interest  to  the  manufacturers  of  soda  and  sulfate 
pulps  and  cellulose  derivatives,  who  wish  a  high  yield  of 
stable  or  alpha-cellulose. 

The  conifers  have  a  higher  gamma-cellulose  content  than 
the  deciduous  class. 

Density  and  Chemic-a.l  Composition — By  comparing 
the  chemical  composition  of  a  dense  wood,  such  as  hickory, 
with  a  light  wood,  such  as  balsa,  the  only  striking  differences 
in  chemical  constants  which  might  affect  density  are  water- 
soluble  content,  cellulose,  and  lignin.  The  higher  water 
extract  in  hickory  should  tend  to  increase  its  density.  The 
shght  differences  in  Table  I  in  the  cellulose  and  lignin  content 
of  the  two  woods  should  not  affect  the  density.  Therefore, 
specific  gravity  seems  to  depend  upon  structure — that  is, 
compactness  of  the  cells  and  the  quantity  of  extractive  ma- 
terial. 

Cellulose  Content  and  Resistance  to  Decay — 
Balsa,  on  account  of  its  extreme  Ughtncss,  is  used  in  the 
manufacture  of  life-saving  apparatus  and  insulating  material. 
The  wood  must  be  treated  chemically  to  protect  it  against 
water-soaking  and  decay.  Its  extreme  susceptibility  to 
decay  is  claimed  to  be  due  to  a  very  high  cellulose  content. 
The  results  found  in  its  analysis  show  that  the  cellulose 
content  of  balsa  is  not  above  the  average  of  other  woods. 
Therefore,  the  ease  with  which  balsa  decays  seems  to  be  due 
to  some  other  specific  property. 

Analyses  of  Woods — Table  VI  includes  the  data  on 
the  species  referred  to  in  this  report,  as  well  as  that  pre- 
viously published  by  the  Forest  Products  Laboratory  on  the 
comparative  chemical  composition  of  woods.  The  results 
are  derived  from  the  three  sources  indicated  in  the  footnotes. 
By  consulting  the  directions  of  Schorger  and  Mahood 
for  preparing  the  wood  sample  for  determining  cellulose, 
it  will  be  noted  that  a  change  was  made  by  the  latter.  The 
directions  of  Mahood  were  followed  in  the  cellulose  deter- 
minations given  in  this  paper. 
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Distribution  of  Methoxyl  in  the  Products  of  Wood 

Distillation'*" 

By  L.  F.  Hawley«  and  S.  S.  Aiyar 
FoRBsT  Productb  Laboratory,  Dhpartmbnt  o»  Aorici)i.tiihu,  Maoisoh,  Wimconsin 


IT  HAS  been  shown 
that  methoxyl  groups 
occur  in  wood  in  greater 
amount  tlian  is  equivalent 
to  the  methanol  obtained 
by  the  destructive  distil- 
lation of  the  same  kind  of 
wood.'  It  has  also  been 
shown   that  the  methanol 

obtained  by  distillation  can  be  increased  by  treating  the 
wood  with  certain  chemicals  before  distillation. «  In  order 
to  find  the  location  of  the  excess  methoxyl  not  used  in 
forming  methanol  and  to  determine  the  source  of  the  in- 
crease in  methanol  when  the  wood  is  treated  with  chemicals 
before  distillation,  this  work  was  undertaken. 

The  general  plan  was  to  determine  methoxyl  in  a  sample 
of  wood  and  then  distil  the  wood,  either  with  or  without 
previous  chemical  treatment,  and  determine  methoxyl 
in  the  various  crude  products,  settled  tar,  dissolved  tar, 
tar-free  pjToligneous  acid,  charcoal,  and  gas.  It  was  as- 
sumed that  the  methane  in  the  gas  represented  an  equiva- 
lent amount  of  methoxj'l  in  the  original  wood.  This  as- 
sumption seems  to  be  safe  in  view  of  the  rough  relationsliip 
between  the  amount  of  methox'jd  in  a  cellulosic  material 
and  the  amoimt  of  methane  in  the  gas  obtained  on  distillation. 

Determination  of  Methane 

Several  publications  have  given  information  on  the  amount 
of  methane  formed  by  the  destructive  distillation  of  wood 
and  cellulose.  lOason,  von  Heidenstam,  and  Norlin'  showed 
that  wood  gave  considerable  amounts  of  methane,  while 
cellulose  from  cotton,  fir,  and  pine  gave  only  about  0.27 
per  cent  methane.  Bantlin*  distilled  cellulose  of  unknown 
origin  and  obtained  0.68  per  cent  methane.  Sarasin*  re- 
ported only  traces  of  methane  from  cotton  cellulose.  These 
agree  fairly  well,  but  Erdmann  and  Schaefer"  reported 
19  per  cent  methane  in  the  gas  from  the  distillation  of  cellu- 
lose. The  percentage  of  gas  on  the  cellulose  distilled  was 
not  given,  but  even  with  a  conservative  estimate  of  12  per 
cent  gas  the  methane  would  be  2.3  per  cent,  which  is  very 
much  higher  than  that  found  by  others.  In  order  to  settle 
this  point  and  to  determine  the  amount  of  methane  formed 
from  celluloses  of  known  methoxyl  content,  the  distillations 
shown  in  Table  I  were  made. 

It  is  seen  that  the  methane  is  slightly  greater  in  amount 
than  can  be  accounted  for  by  the  methoxyl  in  the  original 


Methoxyl  groups  in  wood  are  the  source  of  the  methanol  obtained 
by  Jestructloe  distillation,  but  only  16  to  30  per  cent  of  the  methoxyl 
goes  to  form  methanol.  This  paper  describes  the  search  for  the 
other  84  to  70  per  cent  methoxyl  in  the  crude  products  of  distillation 
of  maple,  oak.  o"d  incense  cedar.  The  changes  in  the  distribution 
of  the  methoxyl  when  the  wood  is  treated  with  sodium  carbonate 
or  phosphoric  acid  before  distillation  are  also  described. 
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material,  but  the  amounts 
are  so  small  that  no  rela- 
tionship can  be  established. 
The  results  agree  with 
those  of  the  previous  au- 
thors, except  Erdmann  and 
Schacfer,  who  are  appar- 
ently incorrect.  There  is, 
then,  a  rough  relation  be- 
tween the  amount  of  methoxyl  in  a  cellulosic  material  and  the 
amount  of  methane  obtained  by  destructive  distillation,  so 
that  at  least  a  large  part  of  the  methane  must  come  from 
methoxyl. 

Tablb  I — Mkthank  Formed  dy  Distillation  or  Celluloses  with  Known 
Amounts  of  Mbthoxvl 

Equivalent  of 
Methane  Per         Mrtbanc 
Methoxyl     cent  on  Origi-        in  Terms 
Kind  op  Cellulose  Content       nal  Cellulose      of  Methoxyl 

Birch  soda  pulp 0.225  0  20  0.40 

Absorbent  cotton 0.277  0.26  O.-W 

Spruce  sulfite  pulp  (bleached)        0.342  0.17  0.34 

The  wood  in  the  form  of  sawdust  was  distilled  in  a  glass 
flask,  and  after  condensation  of  the  vapors  the  gases  were 
passed  through  a  wash  bottle  containing  potassium  hydroxide 
to  remove  most  of  the  carbon  dioxide,  and  then  collected  in 
a  gasometer.  Since  only  the  methane  and  not  the  total 
gas  was  required,  the  removal  of  the  carbon  dioxide  before 
measurement  of  the  gas  volume  was  permissible,  and  in  this 
way  the  amount  of  gas  to  be  collected  and  measured  was  con- 
siderably reduced. 

Methoxyl  Determinations 

The  methoxyl  determinations  were  made  by  the  Zeisel 
method,  wliich  has  been  used  for  all  the  analyses  of  wood 
and  wood  products  made  at  the  Forest  Products  Laboratory. 
According  to  Idason"  this  method  may  give  too  high  re- 
sults when  used  with  wood,  on  account  of  the  formation  of 
ethyl  iodide  from  the  — CH2CHjOH  group  in  lignin,  but 
this  error  amounts  to  very  little  and  does  not  affect  the  con- 
clusions to  be  drawn  from  this  work.  It  is  also  possible 
that  some  methoxj'l  is  formed  from  methyl  groups  like  those 
in  the  methyl  pentosans. 

In  the  gas  analysis  care  was  taken  to  remove  all  carbon 
mono.xide  before  determining  the  methane  by  the  explosion 
method.  Two  cuprous  cliloride  pipets  were  used,  the 
second  of  which  always  contained  a  fresh  solution,  which 
had  been  used  only  for  remo^Tng  the  last  traces  of  carbon 
monoxide  not  absorbed  by  the  first  pipet. 

Table  II  gives  the  results  of  such  distillations  and  analy- 
ses on  three  different  species,  both  without  treatment  and 
after  treatment  with  different  amounts  of  sodium  carbonate 
or  phosphoric  acid.  All  the  results  are  the  averages  of 
at  least  two  distillations.  The  blank  runs  show  the  normal 
distribution  of  methoxyl  groups  in  the  products  of  distillation. 
In  the  case  of  maple  the  largest  amount  of  methoxyl  in 
any  one  product  is  found  in  the  pjToligneous  acid,  and  this 
represents   very   closely   the   methanol   formed.    The  next 

a  ■Papperstidning,"  1920,  p.  319. 


1056 


THE  JOURSAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  11 


Table  II — Distribution  of  Methoxyl  in  Products  op  Wood  Distillation 
(AU  6gures  in  percentages  of  dry  weight  of  wood  distilled) 


Products  Blank 

Pyroligneous  acid  (tar  free)  1.62 

Di»olved  Ur 0. 34 

Settled  tar 0.52 

Charcoal 0.28 

Gas  (calc.  from  CH4) 1.31 

Toul  methoxyl  recovered. .  4 .  07 


0.23 
0.60 
0.06 


0.21 
0.59 
0.04 


1.5% 

1.91 

0.22 

0.59 

0.04 

1.34 

4.10 


Blank 
1.16 
0.22 
0.46 
0.70 
1.34 
3.88 


(5.12  per  cent -OCHi) 


0.5% 

1.61 

0.21 

0.56 

0.52 

0.90 

3.80 


0.60 
0.13 
0.78 
3.51 


1% 
1.67 
0.11 
0.12 
0.57 
0.40 
2.87 


0.08 
0.13 
0.76 
0.40 
3.13 


3% 
1.82 
0.06 
0.02 
0.49 
0.21 
2.60 


Incense  cedar 
(5.9  per  cent  -OCHs^ 
NaiCOi 


Blank 
0.97 
0.10 
1.04 
0.45 
1.60 
4.16 


1% 
1.45 
0.07 
0.84 
0.12 
1.17 


largest  amount  of  methoxj'l  is  represented  bj'  the  methane  in 
the  gas,  and  the  other  tiiree  products  contain  only  small 
amounts  of  methoxyl.  The  total  methoxyl  found  in  the 
products  is  only  about  two-thirds  that  in  the  original  wood 
and  it  seemed  at  first  impossible  to  account  for  the  other 
one-third.  The  slight  error  in  the  methoxyl  determination 
in  the  original  wood"  might  be  the  cause  of  an  apparent 
loss  of  this  kind,  but  such  an  error  would  amount  to  only 
a  few  tenths  of  a  per  cent.  After  the  experimental  work 
was  all  finished,  a  probable  explanation  of  this  apparent 
loss  was  discovered.  In  "Om  Trakolning,"  by  Bergstrom 
and  Wessl^n  (Stockholm,  1918),  is  shown  the  composition 
of  the  gas  given  off  when  commercial  charcoal  is  heated  to 
temperatures  abo\e  those  at  which  it  was  originally  pro- 
duced from  the  wood.  Large  quantities  of  gas  are  given  off 
from  450°  to  900°  C,  and  a  large  proportion  of  this  gas  is 
methane.  Comparative  figures  are  not  available  to  show 
whether  this  methane  is  produced  in  just  the  right  amount 
to  account  for  the  dilTercncc  between  the  methoxj'l  in  the 
original  wood  and  in  the  distillation  products  as  shown  in 
Table  I,  but  it  is  as  near  as  could  be  expected  with  dilTerent 
species  of  wood  and  different  methods  of  distillation,  being 
about  2.1  per  cent  of  the  weight  of  the  wood  from  which 
the  charcoal  was  produced. 

If  this  methane  is  formed  from  methoxyl  groups  in  the 
charcoal,  some  explanation  is  required  of  the  small  amount 
of  methoxyl  found  in  the  charcoal  by  analysis.  It  may 
be  that  the  charcoal  is  so  complex  and  most  of  the  methoxyl 
so  condensed  that  only  a  small  part  of  the  possible  methyl 
iodide  is  formed  by  the  action  of  hj'driodic  acid.  This  is 
the  assumption  made  in  the  further  discussions,  and  when 
"methoxyl  in  the  charcoal"  is  mentioned  only  the  methoxyl 
determined  by  the  method  of  analysis  is  included. 

Maple — When  the  maple  sawdust  was  treated  with  so- 
dium carbonate  solution  before  distillation,  the  total  meth- 
oxyl recovered  was  not  greatly  changed  but  the  distri- 
bution was  different.  The  pyroligneous  acid  contained 
more  methoxyl  (increase  in  methanol),  and  this  increase  is 
about  equal  to  the  decrease  of  methoxyl  in  the  charcoal 
and  the  dissolved  tar. 

White  Oak — In  the  case  of  white  oak,  the  methoxyl 
in  the  pyroligneous  acid  is  low  corresponding  with  the  low- 
yield  of  methanol  from  this  species,  and  more  methoxyl 
is  accounted  for  in  the  gas  than  in  the  pyroligneous  acid. 
When  the  white  oak  is  treated  with  sodium  carbonate  solution 
before  distillation,  the  methanol  is  increased,  but  this  in- 
crease is  not  quite  equaled  by  the  decrease  in  the  dissolved 
t^r  and  charcoal.  There  is  with  this  species,  however,  a 
marked  di'croasc  in  the  methane  in  the  gas  due  to  the  addition 
of  the  .sodium  carijonatc,  and  this  decrease  is  sufficient  to 
funii.sh  the  iidditional  methoxj-l  required  for  the  methanol 
increase. 

A  similar  increase  is  found  in  the  methanol  when 
phosphoric  acid  is  added  to  the  wood  before  distillation. 
In  this  case,  however,  the  decrease  in  the  charcoal  is  not 
80  great,  but  the  decrease  is  much  greater  in  all  the  other 
product*,   the  total   recovered   methoxyl   being  only  two- 


thirds  as  much  with  3  per  cent  phosphoric  acid  as  with  the 
untreated  wood.  The  decrease  of  methoxyl  in  the  settled 
tar  is  due  more  to  a  decrease  in  the  amount  of  the  tar'^ 
than  to  a  change  in  the  composition  of  the  tar. 

Incense  Cedar— A  softwood  was  included  in  this  study, 
since  softwoods  give  a  lower  proportion  of  their  methoxyl 
in  the  form  of  methanol  on  distillation,  and  the  distribution 
of  methoxyl  must,  therefore,  be  different.  Incense  cedar 
was  chosen  as  it  contains  an  unusually  large  amoimt  of 
methoxyl  for  a  softwood.  With  this  species  not  only  the 
gas  but  also  the  tar  contains  more  methoxyl  than  the  pyro- 
ligneous acid,  in  contrast  to  the  hard  maple  which  gives 
more  methoxyl  in  the  pyroligneous  acid  than  in  any  other 
product.  When  distilled  after  treatment  with  1  per  cent 
sodium  carbonate,  the  effect  is  very  much  the  same  as  in  the 
case  of  oak — the  methoxyl  is  increased  in  the  pjToligneous 
acid,  not  much  changed  in  the  dissolved  tar,  and  decreased 
in  the  charcoal  and  gas.  The  decrease  in  the  charcoal  and 
gas  is  more  than  enough  to  account  for  the  increase  in  the 
pjToligneous  acid. 

Table  III — Total  Volatile  Acids 
(AU  figures  in  per  cent  of  dry  weight  of  wood  distilled) 

Sodium  Carbonate         Phosphoric  Acid 
SPBCI83  Blank    0.5%     1%     1.5%       1%     1.5%     3% 

Maple 4.94       4.32     4.04     4.10  

White  oat 3.88       3.93     3.81  3.24     3.15     2.87 

Incense  cedar. .  .     2.17          ..        1.87 

The  yields  of  total  acids  obtained  during  these  distillations 
are  given  in  Table  III.  Tiiese  acid  yields,  as  well  as  the  meth- 
ox-yl  yields  in  the  pyroligneous  acid,  do  not  agree  very  well 
with  the  acid  and  alcohol  yields,  resi>ectively,  reported  by 
Palmer  and  by  Hawley,"  but  the  conditions  of  distillation 
were  different  and  there  may  have  been  differences  in  the 
samples  of  wood  used  even  when  the  species  were  the  same. 
It  must  also  be  remembered  that  tlie  figures  for  methoxyl 
in  the  pj-roUgneous  acid  may  not  be  the  exact  equivalent  of 
the  methanol  as  determined  by  specific  gravity.  The  in- 
crease in  alcohol  yields  due  to  phosphoric  acid,  as  reported 
by  Palmer,  has  been  confirmed,  although  on  another  species 
of  wood,  but  a  decrease  in  acid  was  found  contrary  to  Palmer's 
results.  The  increases  in  alcohol  due  to  treatment  with 
sodium  carbonate  are  not  so  great  as  those  reported  pre- 
viously,' but  the  acid  yields  for  oak  wood  were  not  decreased 
by  this  treatment. 

CON'CLUSION 

The  methane  in  wood  gas  is  formed  largely  from  the  meth- 
oxyl grouf>s  in  the  original  wood. 

Wood  charcoal  contains  a  small  proportion  of  methoxy- 
groups  which  respond  to  the  Zeisel  nietliod  of  analysis,  and 
probably  a  much  larger  proportion  which  form  methane  when 
the  charcoal  is  heated  from  450°  to  900°  C. 

Softwoods  give  more  methoxyl  in  the  settled  tar  and  more 
methane  in  the  gas  than  hardwoods,  and  these  increases 
make  up  for  the  less  methoxyl  in  tlie  pyroligneous  acid  (small 
yield  of  methanol). 

»  Palmer,  This  Journal,  10  (1918),  264. 
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On  distilling  maple  wood  which  lias  been  treated  with  so- 
dium carbonate,  the  increase  in  methanol  is  iialanced  by  a 
decrease  of  metiioxyl  in  the  oliarcoal  and  dissolved  tar. 

On  distilling  white  oak  wood,  which  has  been  treated  with 
sodium  carbonate,  the  increase  in  methanol  is  balanced 
only  by  including  some  of  the  decrease  of  methane  in  the  gas. 


Phosphoric  acid  treatment  of  oak  wood  before  distillation 
also  increases  the  methanol  but  decreases  the  methoxyl 
in  all  the  otiier  crude  products  of  distillation. 

The  effects  of  treatment  with  sodium  carbonate  are  the 
same  in  the  eiuse  of  incense  cedar  as  with  oak,  except  that 
in  the  first  case  the  methoxyl  in  the  settled  tar  is  decreased. 


The  Determination  of  Metallic  Iron  in  Sponge  Iron' 

By  Clyde  E.  Williams  and  Arvid  E.  Anderson" 

NORTHWIiST  K.VPHKIMKNT  STATION,  U.  S.   BUREAU  OP  MlNHS.  IN  CoSPRRATION  WITH  TnK  CoI.I.EOK  OF  MiNES,    UNIVERSITY  Of  WASlimcTON, 

Seattle,  Washington 


A  method  has  been  described  by  which  the  metallic  iron  in  sponge 
iron  can  be  determined  accurately  and  rapidly. 

The  methods  commonly  employed  for  determining  the  copper- 
precipitating  value  are  satisfactory  for  that  purpose  if  they  are 
performed  under  conditions  that  hold  in  plant  operation,  but.  in 
most  cases,  they  are  not  satisfactory  for  determining  the  metallic 
iron  content. 

When  a  copper  sulfate  solution  is  treated  with  metallic  iron,  more 
than  an  equioalent  weight  of  copper  is  precipitated  if  the  solution 
is  either  neutral  or  contains  less  than  0.075  sulfuric  acid,  whereas 
less  than  an  equivalent  weight  of  copper  is  precipitated  if  the  solu- 
tion contains  more  than  0.075  per  cent  sulfuric  acid. 

In  the  method  described,  precipitation  of  the  copper  from  a  neutral 
solution  is  preferred,  but  the  acidity  of  the  solution  is  not  important 
unless  it  be  sufficiently  great  to  cause  solution  of  any  oxide  of  iron 
that  might  be  present. 

Sulfur,  present  as  ferrous  sulfide,  causes  high  results  in  this  and 
the  other  methods  discussed. 

THE  METHOD  here  described  for  the  determination  of 
metallic  iron  in  sponge  iron  was  developed  in  connec- 
tion with  some  experiments  on  the  production  of  sponge 
iron  that  are  being  conducted  at  the  Northwest  Experiment 
Station  of  the  U.  S.  Bureau  of  Mines,  in  cooperation  with  the 
College  of  Mines,  University  of  Washington. 

The  production  of  sponge  iron  by  the  reduction  of  iron 
oxide  at  a  low  temperature  is  engaging  the  attention  of  many 
experimenters.  Iron  and  steel  metallurgists  want  sponge 
iron  for  subsequent  conversion  into  foundry  iron  or  steel, 
and  copper  metallurgists  want  it  for  precipitating  copper 
from  solutions  resulting  from  leaching  operations.  Both 
are  interested  in  the  metallic  iron  content  of  the  sponge  iron, 
although  the  copper  metallurgists  have  been  satisfied  with 
the  "copper-precipitating  value" — that  is,  the  amount  of 
copper  that  is  precipitated  by  a  unit  quantity  of  the  sponge 
iron.  Methods  for  determining  the  metallic  iron  in  ferrum 
reducttim  (a  pharmaceutical  and  chemical  reagent  obtained 
by  the  reduction  of  pure  iron  oxide  with  hydrogen)  have 
been  used  for  years  and  should  apply  equally  well  for  sponge 
iron. 

Review  of  Methods  Commonly  EMPLorED 

Some  of  the  important  methods  that  have  been  used  for 
determining  metallic  iron  are  the  following : 

(1)  The  Copper  Sulfate  Method — The  copper  sulfate 
method  has  been  used  for  determining  the  copper-precipitat- 
ing value  of  sponge  iron,  the  metallic  iron  in  sponge  iron,  and 
the  metallic  iron  in  ferrum  reductum.    In  this  method  the 

'  Received    May    8,   1922.   Published     by    permission    of    Director  of 
Bureau  of  Mines. 

'  Metallurgist  and  Junior  Metallurgical  Chemist. 


sample  is  digested  with  copper  sulfate  solution  and  the 
amount  of  copper  that  has  been  precipitated  is  determined 
by  analyzing  eitlier  the  precipitate  or  the  filtrate  for  copper. 
The  following  equation  represents  the  reaction : 


CuSO,  -f  Fe  =  FeSOi  -)-  Cu 


(1) 


Laist  and  Frick,'  to  determine  the  copper-precipitating 
value  of  sponge  iron,  used  an  acidified  copper  sulfate  solution 
and,  after  the  precipitated  copper  had  been  removed  by  filtra- 
tion, analyzed  tlie  solution  for  copper  by  the  iodide  method. 
Eastman''  digested  the  sample  over  night  in  a  neutral  solu- 
tion of  copp)er  sulfate  in  an  atmosphere  of  carbon  dioxide 
and  determined  the  copper  in  the  precipitate  by  the  ordinary 
electrolj-tic  method.  Others  have  used  an  acid  solution  and 
analyzed  the  precipitate  for  copper  by  the  iodide  method. 
These  methods  are  suitable  for  determining  the  copper-pre- 
cipitating value  if  the  conditions  under  which  the  copper 
is  precipitated  are  identical  with  those  existing  in  the  plant. 
They  are,  however,  inaccurate  for  determining  metallic  iron 
unless  the  acidity  of  the  solution  is  kept  within  certain  well- 
defined  limits,  as  will  be  pointed  out  in  detail  later. 

The  British  Pharmacopeia  (1905)'  describes  a  method 
using  a  neutral  solution  of  copper  sulfate,  determining  the 
iron  in  the  filtrate  by  precipitating  iron  hydroxide  with 
ammonium  hydro.xide,  burning,  and  weighing  the  FeiOs. 
This  method  is  open  to  the  objection  that  it  is  difficult  to 
bum  a  large  precipitate  of  iron  hydroxide  to  Fe20j  without 
some  contamination  by  Fe304. 

(2)  The  Mercuric  Chloride  Method — This  method  is 
most  commonly  used  for  the  determination  of  metallic  iron 
inferrum  reductum,  and  many  consider  it  the  standard  method. 
In  this  method'  the  sample  is  treated  with  a  neutral  solution 
of  mercuric  chloride,  wliich  dissolves  the  metallic  iron  accord- 
ing to  Equation  2,  and  leaves  the  oxide  of  iron  unattacked. 


Fe  +  HgCl,  =  FeClj  -t-  Hg 


(2) 


The  iron  in  the  filtrate  is  determined  by  titrating  with  either 
potassium  permanganate  or  potassium  dichromate,  or  by 
precipitating  with  ammonium  hydroxide,  burning,  and  weigh- 
ing as  Fe203.  To  prevent  oxidation,  the  precipitation  is 
carried  out  in  an  atmosphere  of  carbon  dio.xide.  Frerichs' 
describes  various  modifications  of  the  mercuric  chloride 
method  as  the  standard  methods  of  the  German,  Swedish, 

•  "The  Precipitation  of  Copper  from  Solution  at  Anaconda,"  Trans.  Am. 
Inst.  ilin.  Eng..  49  {1914).  694. 

<  Personal  communication. 

•  G.  Frerichs,  "Die  Bestimmung  des  Eisens  im  Ferrum  Reductum  (The 
Determination  of  Iron  in  Ferrum  Reductum),"  Arch  Pharm.,  246  (1908).  200. 

•  F.  P.  Treadwell  and  Wm.  T.  Hall,  "Analytical  Chemistry."  Vol.  2, 
"Quantitative  Analysis,"  4th  ed.,  1915,  p.  611;  A.  H.  White,  "Methods  of 
Metallurgical  Analysis,"  p.  67;  U.  S.  Pharmacopeia,  1916,  p.  172. 
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Swiss,  and  Belgian  Pharmacopeias  for  the  analysis  of  ferrum 
reduclum,  and  the  U.  S.  Pharmacopeia  for  1916  outlines  a 
similar  method.  These  modifications  differ  only  in  the 
method  of  dissolving  the  metallic  iron  which  is  determined 
in  the  filtrate  by  the  ordinary  gravimetric  method.  The 
mercuric  cliloride  method  is  accurate  but  long,  and  requires 
much  care  in  its  execution. 

(3)  The  Ferric  Chloride  Method" — In  the  ferric  chlo- 
ride method  the  sample  is  treated  with  a  solution  of  ferric 
chloride  which  dissolves  the  metallic  iron,  forming  ferrous 
chloride,  according  to  the  follo^\•ing  equation: 


2FeCl,  +  Fe  =  SFeCh 


(3) 


The  ferrous  iron  is  titrated  with  potassium  permanganate. 
The  operation  is  carried  out  in  an  atmosphere  of  carbon 
dioxide,  and  twelve  hours  are  recommended  for  the  com- 
plete solution  of  the  iron.  The  method  is  accurate  but  long, 
and  much  care  must  be  exercised  in  preventing  oxidation  of 
the  ferrous  cliloride. 

(4)  The  Hydrogen  Evolution  Method — The  hydrogen 
evolution  method'  consists  of  dissolving  the  metallic  iron  in 
dilute  sulfuric  acid,  measuring  the  volume  of  hydrogen 
evolved,  and  calculating  the  equivalent  amount  of  iron.  The 
method  is  accurate  in  the  absence  of  ferric  oxide,  but  requires 
elaborate  apparatus  and  could  not  be  applied  easily  where 
many  determinations  are  required.  Furthermore,  practi- 
cally all  sponge  iron  samples  contain  some  iron  oxide,  which 
will  dissolve  in  the  acid  to  form  a  certain  amount  of  ferric 
sulfate.  This  ferric  sulfate  will  react  upon  the  metallic  iron 
forming  ferrous  sulfate,  thus  dissolving  the  iron  without 
liberating  any  hydrogen.  Hence,  low  results  are  to  be  ex- 
pected when  using  the  hydrogen  evolution  method  to  deter- 
mine metallic  iron  in  sponge  iron  samples  that  contain 
appreciable  amounts  of  ferric  oxide  soluble  in  sulfuric  acid. 

(5)  The  Oxidation  Method — In  the  oxidation  method, 
the  sample  is  ignited  in  a  current  of  air  until  constant  weight 
is  obtained.  The  iron  is  then  supposed  to  be  in  the  form  of 
FcjOs  and  the  per  cent  of  metallic  iron  is  calculated  from  this 
weight.  This  method  has  been  used  in  the  analysis  oi  ferrum 
reduclum.'  but  is  not  trustworthy  because  of  the  difficulty  of 
oxidizing  the  iron  entirely  to  FcjOs  and  because  the  weight  of 
another  substance  present  in  the  sample  may  change  during 
the  heating. 

Experimental 

All  the  methods  described  above  were  used  for  determining 
the  metallic  iron  in  sponge  iron.  The  mercuric  chloride 
method  proved  to  be  the  most  accurate,  while  the  copper 
sulfate  method  was  most  easily  performed.  Concordant 
values  for  metallic  iron  could  not  be  obtained  with  the  copper 
sulfate  method  by  determining  the  copper  and  calculating 
the  equivalent  iron.  High  results  were  obtained  when  the 
copper  sulfate  solution  was  neutral,  low  ones  when  the  copper 
sulfate  solution  was  slightly  acid,  and  variable  ones,  which 
depended  upon  the  content  of  iron  oxide,  when  the  copper 
sulfate  solution  was  strongly  acid.  Results  that  agreed 
closelj'  with  those  obtained  with  the  mercuric  chloride 
method  were  repeatedly  obtained  by  titrating  the  iron  that 
had  been  di.'^solved  as  ferrous  sulfate  by  the  copper  sulfate 
solution. 

In  order  to  study  the  precipitation  of  copper  from  copper 
sulfate  solutions  by  metallic  iron,  the  following  experiments 
were  performed : 

•  Henry  O.  Martin.  "Method  (or  the  ICstimation  of  Metallic  Iron  in 
the  Presence  of  Its  Oiitlr;,"  J  Am.Chem  i'oc.  »»  (1907).  1211 

•  L.  W  Winkler,  •'Analysis  of  Ferrum  Hydrogenio  Reduclum,"  J.  Chtm. 
Soc.  (London),  111  (1917).  II.  .Ml;  A.  Ebtrhard.'Dic  Bcstimmung  des  Eiscns 
Iffl  Perrum  Reductum  (The  Determinntion  of  Iron  in  Ferrum  Reduclum)," 
Arch.   Pharm..  IBS  (1917),  3S7 


A  sample  of  U.  S.  P.  ferrum  reduclum — pure  metalUc  iron 
prepared  by  reduction  of  pure  FeiOa  with  hydrogen — was 
obtained  and  its  total  iron  content  determined  in  the  usual 
manner.  The  average  of  several  determinations,  which 
checked  very  closely,  showed  that  the  total  iron  content  in 
this  material  was  97.94  per  cent  (Table  I). 


Table  I 

(250-mg.  sample  u 
KMnOi 
Ce. 

iSfd) 

Iron 
Per  cent 

49.35 
49.35 
49.40 

97.91 
97.91 
98.01 

Average     97.94 

Copper  sulfate  solutions  were  prepared  bj'  dissolving  ptjre 
anhydrous  copper  sulfate  in  water,  filtering,  and  adding  the 
requisite  amounts  of  water  and  acid.  Several  solutions  were 
prepared — one  neutral,  and  the  others  containing  0.025, 
0.05,  0.075,  0.1,  0.2,  0.4,  0.5,  2.0,  6.0,  8.0,  and  10.0  per  cent  of 
sulfuric  acid  by  volume.  These  solutions  contained  about 
100  g.  of  anhydrous  copi)er  sulfate  per  liter,  experiments 
previously  made  having  shown  that  various  concentrations 
of  copper  sulfate  had  no  effect  upon  the  results.  Samples  of 
the  ferrum  reductum  weighing  250  mg.  were  placed  in  covered 
beakers,  treated  with  30  cc.  of  one  of  the  various  copper 
sulfate  solutions,  and  boiled  for  10  min.  The  solution  was 
immediately  filtered,  and  the  precipitate  washed  well  with 
hot  water.  The  filtrate  was  dUuted  with  water  to  75  cc,  a 
strip  of  metallic  aluminium  and  7  cc.  of  concentrated  sulfuric 
acid  were  added,  and  the  solution  was  boiled  until  all  the 
copper  had  been  precipitated.  The  solution  was  then  filtered, 
cooled,  and  titrated  at  once  with  potassium  permanganate 
and  tiie  per  cent  metallic  iron  calculated.  The  first  copper 
precipitate,  which  was  formed  by  the  metallic  iron,  was  dis- 
solved in  nitric  acid  and  the  copper  determined  by  the  ordi- 
nary iodide  method.  The  copper  that  was  precipitated 
by  the  aluminium  was  dissolved  in  nitric  acid  and  like- 
wise determined  by  the  iodide  method.  In  some  cases  this 
procedure  was  modified,  and,  instead  of  dissolving  the  metallic 
copper  that  was  precipitated  by  the  aluminium,  a  new  sample 
was  treated  and  the  copper  was  precipitated  as  cuprous 
sulfide  by  boiling  with  sodium  thiosulfate  solution,  and  de- 
termined in  the  usual  manner.  In  this  case  the  direct  titra- 
tion of  the  iron  in  the  filtrate  could  not  be  performed.  There- 
fore, several  samples  were  weighed  and  treated  independently, 
determining  the  iron  in  the  filtrate  by  titration  with  potassium 
permanganate.  The  amount  of  iron  equivalent  to  the  copper 
that  had  been  precipitated,  as  shown  by  analysis  of  both  the 
filtrate  and  the  precipitate,  was  calculated  on  the  basis  of  the 
equation: 

CuSO,  -f  Fe  =  FeSO,  +  Cu  (4) 

Some  of  the  results  obtained  by  titrating  the  ferrous 
sulfate  are  shown  in  Table  II,  and  the  results  showing  the 
per  cent  of  metallic  iron  obtained  by  titrating  tlie  copper  are 
shown  in  Table  III  for  comparison  with  each  other  and  with 
the  per  cent  of  metallic  iron  obtained  by  titrating  the  ferrous 
sulfate.  Fig.  1  was  plotted  from  the  results  in  Table  III  to 
show  the  relation  between  the  amount  of  copper  precipitated 
and  the  acid  concentration.  Fig.  2  was  plotted  using  a 
larger  scale  for  the  abscissa  in  order  to  show  more  clearly  the 
relationship  in  the  weaker  acid  concentrations.  From  Tables 
II  and  III,  and  Figs.  1  and  2,  it  will  be  seen  that; 

1 — The  sum  of  the  weights  of  the  copper  in  the  residue  and  in 
the  filtrate  closely  approximates  the  total  amount  of  copper 
originally  contained  in  the  copper  sulfate,  showing  that  the 
copper  determinations  were  accurately  performed. 

2 — The  values  for  the  per  cent  of  metallic  iron  obtained  by 
titration  of  the  ferrous  iron  in  the  filtrate  checked  very  closely 
with  each  other  and  with  those  for  the  per  cent  of  total  iron 
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3 — In  a  neutral  solution  the  values  for  the  per  cent  of  metallic 
iron  obtained  by  titrating  the  copper  in  the  filtrate  or  that  in  the 
precipitate  are  hinher  than  the  per  cent  of  total  iron,  and  they 
decrease  as  the  acidity  of  the  copper  sulfate  solution  increases. 
The  decrease  is  very  large  until  an  acid  concentration  of  ().,5  per 
cent  is  obtained,  after  which  the  decrease  is  small  as  the  acid 
concentration  increases. 

4— When  the  acidity  is  0.075  per  cent  sulfuric  acid,  the  values 
obtained  by  the  three  operations  check,  but  as  the  content  of 
sulfuric  acid  becomes  greater  than  0.075  per  cent,  the  values  for 
the  per  cent  of  metallic  iron  obtained  from  the  two  copper  titra- 
tions decrease  progressively.  The  acidity  of  0.075  per  cent  does 
not  represent  the  actual  acidity  during  the  entire  time  of  precipi- 
tation since  the  volume  of  the  solution  decreased  somewhat  dur- 
ing boiling,  and,  therefore,  this  value  is  more  or  less  an  arbitrary 


TABtK  II— Metallic  Iron  Obtained  by  Titration  of  Ferrous  Sui.i>atb 
(250-mg.  sample  used) 
Condition  of 
Solution 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Acid 
Acid 
Acid 
Acid 


The  high  results  are  caused  by  the  precipitation  of  more 
copper  than  corresponds  to  the  equation : 


KMnO. 

Cc. 

Per  ccn 

49.25 

97.71 

49.30 

97.81 

49  35 

97.91 

49.30 

97.81 

49.50 

98.20 

49.10 

98.00 

49.15 

98.10 

49.00 

97.81 

49.15 

98.10 

49.05 

97.90 

49.00    ■ 

97.81 

49.10 

98.00 

49.15 

98.10 

Average      97.95 

CuSO.  +  Fe  =  Cu  +  FeS04 


(5) 


Indications  are  that  some  cuprous  oxide  is  formed,  according 
to  the  following  equation : 

aCuSO.  -f  Fe  -f  H2O  =  CU2O  +  FeSOi  +  USO^      (6) 

and  that  the  presence  of   acid   counteracts  the  tendency 
toward  this  reaction. 

The  low  results  are  caused  by  the  dissolving  in  sulfuric 
acid  of  some  of  the  iron,  forming  hydrogen  which  escapes 
'vnthout  precipitating  copper. 


Hi 


1^ 


Per  Ccnt  Sulphu/iic  Acid 
P16.  1 — Relation  between  Acid  Concentration  and  the  Amount  o» 
CorPBR  Prscipitatbd,  on  Basis  op  97.95  Per  cent  Metallic  Iron 

Further  experiments  similar  to  those  described  above  were 
performed  in  which  several  diilerent  samples  of  sponge  iron 
were  substituted  for  the  ferrum  reduclum.  These  sponge 
iron  samples  contained  iron  oxide,  silica,  and  coke,  and  the 
particles  were  large  and  in  some  cases  not  porous.  Results 
were  obtained  which  bore  the  same  relation  to  each  other  as 
were  found  when  using  the  purer /ern^w  reductum,  except  that 
vrtien  the  higher  acid  concentrations  were  used,  some  of  the 
inm  oxide  dissolved  and  thereby  produced  high  results.    The 
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sponge  iron  dis.solved  more  slowly  in  the  copper  sulfate 
solution  tlmti  did  the  ferrum  reductum,  but  a  LVmin.  boiling 
was  sufficioiit.  Prolonged  boiling  of  the  neutral  solution 
caused  the  formation  of  a  brown  scum  which  contained  iron 
and  caused  low  results. 
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Pelf  CcMT  SuLPHUHic  Acid 
Fig.  2 — Relation  between  Acid  Concentration  and  the   Auodnt  or 
Copper  Prbcipita ted.  on  Basis  op  97.95  Per  cent  Metallic  Irom 


Table  III — Comparison   op   Metallic   Iron   Obtained   by   Tithatiko 
Copper  and  by  Titrating  Iron 
Pert 


CuSOj 

Copper 

Total  in 

Total 

MetaUic 

Average 
Per  cent 

Solution 

Residue 

Copper  to  Copper 

Metallic 

Per  cen 

In 

In 

and 

Added  as 

netd.  by 

Iron  by 

HiSO. 

Residue 

Filtrate 

Filtrate 

CuSOi  Titration 

Titration 

byVolum 

e        G 

G. 

G. 

G 

of  Copper 

ofFeSOi 

Neutral 

0.3099 

0  0714 

0.3813 

0.3822 

108.89 

97.95 

Neutral 

0.319B 

0.0718 

0.3824 

0.3822 

109.14 

97.95 

Neutral 

0.3029 

0.0656 

0.3685 

0.3687 

106.43 

97.95 

Neutral 

0.3032 

0.0653 

0.3685 

0.3687 

106. 53 

97.95 

0.025 

0.2.S92 

0.2699 

0.5591 

0.5620 

101.64 

97.95 

0.025 

0.2S90 

0.2685 

0.5575 

0.5620 

101 .  54 

97.95 

0.050 

0,2856 

0.2784 

0.5620 

0.5620 

100.35 

97.95 

0.0.50 

0.2858 

0.2743 

0.5601 

0.5620 

100.42 

97.95 

0.075 

0.2784 

O.0S89 

0.3673 

0.3687 

97.82 

97.95 

0.075 

0.2781 

0.0892 

0.3673 

0.3687 

97.71 

97.95 

0.10 

0.2704 

0.2878 

0..5582 

0.5620 

95.01 

97.95 

0.10 

0.2706 

0 . 2892 

0.5598 

0.5620 

95.08 

97.95 

0.20 

0.2588 

0.3010 

0.5598 

0.5620 

90.93 

97.95 

0.20 

0.2586 

0.3032 

0..')618 

0.5620 

90,86 

97.95 

0.40 

0.2492 

0.3121 

0.5613 

0.5620 

87.56 

97.95 

0.40 

0.2490 

0.3126 

0.5616 

0.5620 

87.49 

97.95 

0.50 

0.2606 

0.3092 

0.5588 

0.5620 

88.05 

97.95 

0.50 

0.2504 

0.3104 

0.5608 

0.5620 

87.98 

97.95 

2.0 

U.2392 

83.98 

97.95 

2.0 

0.2443 

85.77 

97,95 

6.0 

0.2341 

82.19 

97.95 

6.0 

0.2315 

81.28 

97.95 

8.0 

0.2300 

80.75 

97.95 

8.0 

0.2326 

81.66 

97.95 

10. 0 

0.2336 

82.01 

97.96 

10.0 

0.2305 

80.92 

97.95 

Average 
Per  cent 
Total 
Iron 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97  94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.94 
97.84 


Ferrous  sulfide  precipitates  copper  from  copper  sulfate 
solution,  forming  ferrous  sulfate.  Hence,  its  presence  will 
give  a  higher  copper  precipitating  value  and  a  high  value 
for  the  per  cent  metallic  iron.  Usually,  not  all  of  the  iron 
sulfide  reacts  and,  since  only  small  amounts  of  it  are  ordinarily 
met  with,  a  large  error  does  not  result.  High  results  are 
caused  by  ferrous  sulfide  in  all  of  the  five  methods  discussed 
above. 

Analytical  Proceduke 

After  conducting  several  sets  of  determinations,  the 
following  procedure  was  adopted  and  has  been  used  success- 
fully in  routine  analytical  work: 

The  sample  should  preferably  be  crushed  to  pass  a  60-mesh 
or  finer  screen.  Weigh  500  to  250  mg.,  depending  upon  the 
metallic  iron  content,  into  a  40O-cc.  beaker.  Add  15  to  20 
cc.  of  a  copper  sulfate  solution  containing  about  100  g.  per 
liter.  The  copper  sulfate  solution  should  be  free  from  iron 
and,  if  not,  a  correction  must  be  made  for  its  iron  content. 
Dilute  with  about  35  cc.  of  hot  water  and  boil  for  15  min., 
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keeping  the  beaker  covered  and  maintaining  a  volume  of 
approximately  50  cc.  by  frequent  additions  of  water.  Filter 
immediately  into  a  250-cc.  beaker  and  wash  the  residue  several 
times  with  hot  water.  Dilute  the  filtrate  to  75  or  100  cc.  and 
add  7  cc.  of  concentrated  sulfuric  acid  and  a  sheet  of  alumin- 
ium. Boil  until  all  the  copper  has  been  precipitated.  Cool 
rapidly  with  the  aluminium  strip  in  the  solution,  keeping  the 
beaker  covered.  Filter  into  the  original  beaker,  wash  well 
with  cold  water,  dilute  to  3-50  cc.  with  cold  water  and  titrate 


at  once  to  a  pink  color  with  a  standard  solution  of  potassium 
permanganate.  Calculate  the  per  cent  of  iron.  This 
represents  the  amount  of  metallic  iron  in  the  sample.  In 
this  titration  the  potassium  permanganate  may  be  replaced 
by  potassium  dichromate,  using  potassium  ferricyanide  as  an 
external  indicator. 

This  method  has  been  found  reliable  in  the  routine  analysis 
of  a  large  number  of  sponge  iron  samples  whose  metallic  iroa 
content  varied  from  0.5  to  90  per  cent. 


Some  New  Sensitizers  for  the  Deep  Red"' 

By  C.  E.  K.  Mees  and  G.  Gutekunst 
Research  Laboratory,  Eastman  Kodak  Co.,  Rochester,  N.  Y 


IN  THE  course  of  work  extending  over  a  number  of 
years,  many  new  dyes  derived  from  quinoline  have 
been  prepared  and  tested  for  their  sensitizing  power. 
A  number  of  corapwunds  prepared  in  the  course  of  tliis  in- 
vestigation have  been  described  in  a  paper  by  G.  Gutekunst 
and  H.  LeB.  Gray  on  "The  6-Alkyloxyquinaldines.'"  The 
purpose  of  the  present  paper  is  to  describe  three  of  the  new 
sensitizers  that  have  been  selected  as  ha\'ing  interesting 
properties,  two  of  which  it  is  proposed  to  place  upon_the 
market. 

Naphtha CTANOLE 

(1,1  '-DlETHYL-DI-j3-NAPHTH0CARB0CYANI>fE  NiTRATE) 

This  dye  was  prepared  as  follows: 

A  solution  of  5  g.  of  ^-naphthoquinaldine  ethiodide  and  5  g. 
of  quinoline  ethiodide  in  .500  cc.  of  boiling  ethanol  (95  per 
cent)  was  treated  with  a  mixture  of  4  cc.  formaldehyde  (40 
per  cent)  and  60  cc.  of  10  per  cent  alcoholic  potash.  The  dye 
separated  out  in  the  form  of  little  green  needles,  which  on  account 
of  their  insolubility  were  converted  into  the  nitrate.  This  was 
accomplished  by  suspending  a  small  amount  of  the  dye  in  glacial 
acetic  acid  (75  cc.)  and  adding  200  cc.  of  1  per  cent  nitric  acid, 
allowing  the  mixture  to  digest  for  a  time  ('/s  hr.).  and  then 
filtering  off  the  undissolved  crystals.  The  solution  was  shaken 
thoroughly  with  1  cc.  of  10  per  cent  silver  nitrate  and  the  silver 
iodide  filtered  off.  The  dye  was  precipitated  immediately  with 
ammonium  hydroxide  and  recrystallized  from  methanol. 


Fio,  1 — P-Naphthacvanolb 

This  dye  sensitizes  powerfully,  both  when  added  to  the 
emulsion  and  when  used  for  bathing  ready  prepared  plates. 
A  spectrum  shown  in  Fig.  1  shows  a  strong  maximum  in  the 
deep  red  at  fiWutt,  and  a  sensitizing  power  for  the  green  ap- 
preciably less  than  that  shown  by  pinacyanole.  The  dye 
keeps  well  and  is  quite  suitable  for  use  in  the  place  of  pina- 
cyanole where  the  extreme  red  sensitiveness  is  an  advantage. 

'  Received  July  5.  1922 

•  Communicalion  No.  H7  from  the  Research  Laboratory  of  the  Eastman 
Kodak  Co.,  Rocheitcr,  N.  V. 

•  y.  Am.  Cktm.  Soc.  44  (1922),  1741. 


ACETAMINOCYANOLE 
(l,l'-DlETHYL-6,6'-DIACETAMINOCARBOCyANINE    lODIDB) 

This  dye  was  prepared  as  follows. 

A  solution  of  5  g.  6-acetaminoquinaldine  ethiodide  and  5  g. 
quinoline  ethiodide  in  200  cc.  of  boiling  ethanol  was  treated  with 
a  mixture  of  20  cc.  of  sodium  ethylate  (1  g.  sodium  in  50  cc. 
absolute  ethanol)  and  5  cc.  of  formaldehyde.  A  blue-green 
solution  was  formed  and  green  crystals  separated  on  cooling. 
These  were  recrystallized  from  methanol. 


Fig.  2 — Acbtaminocvanolr  in  (CMur.siON 

The  dye  obtained  was  found  to  sensitize  powerfully  when 
added  to  an  emulsion,  giving  a  maximum  at  TSOix/j,.  Its 
spectrum  is  shown  in  Fig.  2.  When  an  attempt  was  made  to 
use  tliis  dye  in  water  solution  for  bathing  plates,  a  very 
curious  result  was  obtained,  the  spectrum  obtained  being 
that  shown  in  Fig.  3  and  corresponding  obviously  to  an 
entirely  different  dye.  Moreover,  it  was  found  that  in  the 
preparation  of  the  dye  it  was  necessary  to  be  careful  to  keep 
the  water  content  to  a  minimum,  as  otherwise  the  dye  had 
not  the  characteristic  sensitizing  maximum  at  730;um  but  gave 
a  result  similar  to  that  obtained  when  bathing  plates  in  water 
solution.  The  probable  explanation  of  these  anomalies  is 
that  the  dye  is  hydrolyzed  by  water,  the  acetyl  radical  being 


Fig.  3 — Acetaminocyanolb  Batukd  Plate 

hydrolyzed  off.  While  the  dye,  therefore,  has  some  value 
when  used  for  emulsions,  since  the  plates  prepared  appear 
to  keep  their  characteristic  properties,  it  is  not  thought 
that  it  will  be  of  general  value,  owing  to  its  instability. 
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A  compound  is  described  by  Mills  and  Pope^  which  was 
prepared  by  the  condensation  of  G-acctaminoquinaldinc  ctiiio- 
dide  and  quinoline  ethiodide  with  formaldehyde  and  alkali  and 
crystallizes  in  minute  green  needles.  It  sensitizes  at  030()  to 
6800  and  more  weakly  at  5200  to  6300,  and  thus  appears  to  be 
an  entirely  different  compound  from  that  described  here. 

Kryptocyanine 

This  dye  was  prepared  by  the  condensation  of  lepidinc 
ethiodide.''    On  recrystallizing  from  chIf)roform,  small  bronze 


Fig.  4 — Kryptocyanine 

crystals  are  obtained.  On  trial  this  proved  to  be  the  most 
remarkable  sensitizer  yet  discovered.  A  great  deal  of  time 
was  expended  in  purifying  it  to  prevent  a  fogging  action 
on  the  emulsion,  since  when  tested  in  the  usual  concentration, 
1  in  25,000,  it  gave  severe  fog,  tliough  sensitizing  with  great 
power  with  a  maximum  at  l&Ofjiix.  It  was  found,  however, 
that  the  dye  was  being  used  in  far  too  great  a  concentration, 
and  by  the  use  of  only  V20  the  amount  required  for 
pinacyanole  excellent  results  were  obtained.    The  spectrum 


I  Phot.  J.,  40  (1920),  253. 

■  E.  Q.  Adams  and  H.  L.  Haller,  J. 


.Chem.Soc.iZ  (1920).  2661. 


is  shown  in  Fig.  4.  For  bathing  solutions  a  concentration  of 
1  in  500,000  is  recommended.  The  addition  of  either  am- 
monia or  alcohol  was  found  to  be  a  disadvantage. 

Tests  were  made  for  the  extension  of  the  spectrum  with 
kryptocyanine  into  the  extreme  infra  red.  It  wa.s  found  that 
although  its  maximum  is  at  a  considerably  longer  wave  length 
than  tliat  given  by  dicyanine,  and  although  up  to  SHOmi'jts 
sensitizing  power  is  greater  than  that  of  dicyanine,  yet 
beyond  this  point  dicyanine  shows  a  greater  sensitizing  power, 
and  above  UOO/ji^i  kryptocyanine  is  almost  useless,  while 
dicyanine,  employed  according  to  the  directions  given  by  Dr. 
Meggers,  is  still  effective.  Nevertheless,  kryptocyanine 
represents  a  very  great  advance  in  the  preparation  of  photo- 
graphic materials  sensitive  to  the  extreme  red.  Since  it  con- 
fers no  green  sensitiveness  and,  indeed,  the  nuitorials  sensitized 
with  it  have  very  little  sensitiveness  below  OKO/Li/i,  infra  red 
effects  in  ordinary  photography  can  be  obtained  by  the  use  of 
a  strong  yellow  filter  only,  and,  employed  in  this  way,  it  is 
(xjssible  to  give  very  short  exposures,  one  second  at '/«  being 
quite  satisfactory  in  bright  sunliglit.  The  results  obtained 
are  those  characteristic  of  photography  in  the  infra  red, 
blue  skies  appearing  dark  and  green  foliage  very  bright,  so 
that  a  tree  covered  with  spring  leaves  appears  as  if  in  blossom 
and  the  grass  on  the  ground  as  if  it  were  snow. 

It  is  probable  that  the  dye  will  have  applications  in  as- 
tronomy. At  the  present  time,  stars  are  classified  by  their 
color  index,  this  being  the  relation  of  the  photographic  mag- 
nitude determined  in  the  ^■iolet  to  the  photo  visual  magnitude 
determined  in  the  yellow-green,  and  determination  of  the 
extreme  red  magnitude  at  770^m  by  the  use  of  kryptocyanine 
will  probably  ex-tend  the  value  of  such  studies.  Undoubtedly 
numerous  other  applications  will  be  found  for  this  dye. 


Sources  of  Moving  Picture  Films 


A  large  number  of  films  produced  and  distributed  by  the  United 
States  Department  of  Agriculture  are  described  in  Department 
Circular  233,  which  may  be  obtained  from  the  Superintendent 
of  Documents  at  a  cost  of  5  cents  a  copy.  These  films  are 
intended  primarily  for  the  use  of  extension  and  field  workers 
of  the  department  and  of  officially  cooperating  institutions, 
but  others  may  make  special  arrangements  to  borrow  or  to  buy 
copies. 

The  Publicity  Btireau  of  E.  I.  du  Pont  de  Nemours  &  Co., 
Inc.,  has  at  its  disposal  moving  pictures  of  the  war  plants,  now 
dismantled,  which  may  be  of  interest  to  engineering  societies 


and  technical  schools.     The  films,  which  are  all  short,  are  as 
follows : 

Old  Hickory.  Smokeless  Powder       Penniman,  Va.,  Shcll-loadiag  Plant 
Hopewell,  Va.,  Guncotton  Plant       Carney's  Point,  N.  J..  Smokeless  Powder 
A  film  of  the  du  Pont  Dye  Works  at  Deepwater  Point,  N.  J.,  is 
also  available.     No  charge  is  made  for  the  use  of  these  films. 

The  Industrial  Department  of  the  Young  Men's  Christian 
Association,  347  Madison  Ave.,  New  York,  N.  Y.,  is  acting  as 
the  distributor  of  industrial  and  educational  moving  picture 
films  for  the  companies  listed  below.  Information  in  regard 
to  the  films  may  be  obtained  from  the  Association. 
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Condensation  of  Vapor  from  Mixtures  of  Vapors  and 
Noncondensable  Gas' 


By  Barnett  F.  Dodge= 
LBWI3  RscovSKV  Corporation,  Caubridgb,  Mass. 


PROCESSES  for  the 
recovery  of  solvents 
used  in  industry,  for 
the  "extraction  of  gasoline 
from  natural  gas,  and  for 
the  extraction  of  light  oil 
from  coke-oven  gas  and 
allied  processes,  are  all  pri- 
marily concerned  with  the 
condensation  of  vapors  from 
mixtures  of  these  vapors 
and  noncondensable  gas. 
One  of  the  main  questions 
that  arises,  especially  in  con- 
nection with  the  design  of  apparatus  for  new  plants,  modifica- 
tion of  present  processes,  and  development  of  new  ones,  is: 
How  much  of  the  given  vapor  or  mixture  of  vapors,  say  gasoline, 
will  be  condensed  under  any  given  conditions  of  temperature, 
pressure,  and  concentration?  It  becomes  important,  then,  to 
have  available  methods  of  estimating  the  amount  of  recovery 
or  of  extraction  under  given  conditions.  It  is  the  purpose  of 
this  article  to  develop  equations  which  will  enable  this  quantity 
to  be  calculated  for  certain  types  of  vapors.  These  equations 
will  be  developed  in  as  general  a  form  as  possible  consistent 
with  simplicity,  so  that  the  desired  result  can  be  obtained  di- 
rectly by  merely  substituting  proper  values  of  total  pressure, 
vapor  pressures  of  pure  liquid  components  and  concentrations. 

Single  Vapor  Component 

The  calculation  of  the  amount  of  vapor  which  will  condense 
out  of  a  mixture  of  a  single  vapor'  and  noncondensable  gas  under 
given  conditions  of  concentration,  temperature,  and  pressure,  is 
relatively  simple.  For  example,  the  following  equation*  may 
be  used  to  calculate  the  per  cent  of  the  vapor  that  will  condense: 

V P_ 

100-V        V-p 


The  theory  of  the  condensation  of  mixtures  of  oapors  and  non- 
condensable gas  has  been  deoeloped  in  such  a  way  as  to  enable  approx- 
imate calculations  to  be  made  of  the  amount  of  condensate  obtainable 
under  given  conditions.  So  far.  the  theory  can  only  be  applied  to 
mixtures  of  vapors  which  roughly  obey  Raoult's  law  when  they  exist 
as  liquids.  For  such  mixtures  the  equations  have  been  developed  for 
both  "differential"  and  "simple"  condensation,  and  it  is  shown  that 
the  two  quite  different  mathematical  expressions  give  nearly  identi- 
cal results  for  amount  of  condensate.  The  equations  for  "simple" 
condensation  are  extended  to  include  mixtures  of  three  or  more  va- 
pors and  noncondensable  gas.  Several  illustrations  of  the  prac- 
tical applications  of  the  equations  are  given. 


Equation  1  expresses  it  in  a 
general  way  so  that  it  may  be 
applied  directly  to  a  wide 
variety  of  conditions. 

The  following  example 
illustrates  the  use  of  this 
equation: 


Per  cent  condensation 


X   100 


(1) 


100-V 


■where    V  =  Volume  per  cent  of  vapor  in  the  initial  mixture 

p   =  Vapor  pressure  of  the  liquid  condensate  at  the  final 

temperature  of  the  system 
D  =  I'inal  total  pressure  on  the  system 

This  same  relation  may  be  expressed  in  a  number  of  ways  but 

I  Received  April  4,  1922. 

•  l,ecturcr  in  Chemical  Gnicinecripg,  Harvard  University. 

'  By  the  terra  "vapor"  we  mean  a  gas  which  is  relatively  near  its  boiling 
point. 

*  The  derivation  of  this  equation  is  very  simple.     Assuming  that  the 
vapor  and  the  noncondensable  gas  mixed  with  it  obey  the  simple  gas  taws, 

V 
then  —  raols  of  vapor  per  mol  of  noncondensable  gas  in    the  ini- 
tial mixture.     Assuming  that  the  final  gas  mixture  comes  to  equilibrium  with 
the  condensed  liquid  at  the  final  gas  temperature  in  the  system,  which  is 

almost  always  the  cose,  then -  mols  of  vapor  per  mol    of   noncon- 

D-  p 
densable  gas  in  the  final  mixture  (i.  «.,  since  p  is  the  vapor  pressure  of  the 
condensate,  it  must  alio  be  the  partial  pressure  of  the  vnpor  remaining  in  the 
f  as.  regardless  of  the  total  pressure  on  the  system).  Since  the  noncondensa- 
ble gas  remains  constant  ihrouKhout,  the  mols  of  vapor  per  mol  of  noncon- 
densable at  the  start  minus  the  same  ratio  ot  the  end  divided  by  the  ratio 
at  the  start  gives  the  fraction  condensed. 


Assume  that  we  have  air 
containing  2.0  per  cent  by 
volume  of  benzene  vapor  and 
that  we  wish  to  know  how 
much  of  the  benzene  can  be 
condensed  by  compressing 
the  mixture  to  a  pressure  of 
150  lbs.  per  sq.  in.  gage  and 

cooling  the  compressed  mixture  under  constant  pressure  to  20°C. 
From  vapor  pressure  tables  we  find  that  p  at  20°  C.  =  75  mm. 

From  the  conditions  of  the  problem,  we  see  that 

150  +  14.' 


V  =  2.0,  and  P 


14.7 


X  760  =  8500  mm. 


Substituting  in  Equation  1  we  obtain  56.5  per  cent  condensed. 
A  similar  calculation  may  be  used  for  condensation  of  any  single 
vapor  by  any  condition  of  compression  or  refrigeration. 

Space  does  not  permit  the  citing  of  the  many  practical  ap- 
plications of  this  equation.  It  is  hoped  that  this  phase  of  the 
subject  can  be  taken  in  detail  in  a  second  paper.  The  curves 
shown  in  Fig.  1  are  given,  however,  to  show  in  a  general  way 
how  the  equation  may  be  applied  to  the  study  of  a  solvent  re- 
covery problem.  These  curves,  which  were  constructed  from 
calculations  made  by  the  aid  of  the  equation,  enable  one  to  pre- 
dict immediately  what  percentage  recovery  would  be  obtained 
by  cooling  different  gasoline-air  mixtures  (gasoline  was  equiv- 
alent to  hexane  in  vapor  pressure)  to  certain  given  temperatures 
at  a  pressure  of  one  atmosphere.  For  example,  by  reference  to 
the  figure  it  can  be  seen  that  a  15  per  cent  concentration  by 
volume  just  begins  to  condense  at  20°  C,  is  one-half  condensed 
at  4°  C,  and  over  90  per  cent  condensed  at  —30°  C.  On  the 
other  hand,  a  5  per  cent  concentration  does  not  begin  to  condense 
until  cooled  to  —  4°  C.  Such  information,  which  may  be  closely 
checked  in  practice,  is  a  valuable  guide  in  the  determination  of 
the  best  process  to  use  in  the  recovery  of  a  given  solvent  under 
given  conditions. 

Two  Vapor  Components 

The  usual  problem  that  arises  in  practice  involves  the  treat- 
ment of  gases  containing,  not  a  single  vapor  component,  but  a 
mixture  of  two  or  more  vapors.  Such  a  problem  is  usually  handled 
by  assuming  some  sort  of  an  average  vapor  with  properties  that 
represent  some  kind  of  a  weighted  average  of  the  properties  of  the 
single  pure  components.  It  is  our  object  in  the  following  dis- 
cussion to  develop  the  theory  of  the  condensation  of  complex 
mixtures  and  incidentally  to  show  whether  or  not  the  use  of  an 
average  is  justified. 

As  far  as  could  be  ascertained  from  a  brief  study  of  the  litera- 
ture, the  condensation  of  mixtures  of  vapors  in  a  noncondensable 
gas  has  not  been  treated  from  a  theoretical  standpoint  to  develop 
equations  of  practical  use.  The  theory  of  the  condensation  of 
binary  mixtures  not  containing  a  noncondensable  gas  has  been 
developed,  but  the  resulting  equations  cannot  be  conveniently 
applied  to  this  case,  as  will  be  shown  later. 
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It  is  obvious  that  the  liquid  which  condenses  from  a  mixture 
of  vapors  will  not  have  the  same  composition  as  the  initial 
vapor,  and  that  the  composition  will  vary  throughout  the  process. 

-20 


90 


-10 


10 


M 

I  60 


"\ 

N 

N 

^ 

<^ 

\ 

s 

\ 

^> 

\ 

\ 

L 

\ 

>^ 

\ 

'o 

\ 

% 

J^ 

\ 

\ 

^ 

\ 

\ 

^ 

\ 

\ 

\ 

\ 

\^ 

\ 

\ 

\ 

iOO 

90 
80 
70 
60 

40 

£0 
10 


-30 


Temperature  °C 


Fic.  1 — Pbr  cbnt  Condensation  as  a  Function  ok  Final  Tempkkaturb 
POR  Thrsb  Dipfersnt  Concentrations  or  Hexane  at  Atmospheric' 
Frbsscrs 

Consequently,  it  will  be  necessary,  in  deriving  a  formula  for  per 
cent  condensation,  to  have  a  relation  between  liquid  composition 
and  vapor  composition  at  equilibrium  for  the  components  under 
consideration.  Raoult's  law  expresses  this  relation  exactly  for 
ideal  solutions  and  approximately  for  a  great  many  solutions, 
in  which  the  components  are  somewhat  related.  For  example, 
such  binary  mixtures  as  benzene  and  toluene,  hexane  and  hep- 
tane, methanol  and  ethanol,  and  many  others,  obey  Raoult's 
law  very  closely.  In  the  discussion  that  follows  it  will  be  assumed 
that  we  are  interested  only  in  mixtures  that  obey  Raoult's  law 
at  least  approximately.'  For  mixtures  not  obeying  Raoult's  law 
the  vapor  pressure  relations  are  more  complex  and  such  mixtures 
will  be  considered  beyond  the  scope  of  this  paper. 

Before  developing  the  theory,  it  is  necessary  to  recognize  that 
a  condensation  may  take  place  in  two  ways.'  These  two  ways 
are  limiting  ones  in  that  all  condensations  in  practice  are  inter- 
mediate between  the  two,  but  approach  one  or  other  of  the  lim- 
iting types.  Let  us  consider  a  condensation  to  be  composed  of 
a  series  of  very  small  steps,  each  yielding  a  very  small  increment 
of  condensate  between  given  temperature  limits.  If  we  allow 
all  these  successive  increments  of  condensate  to  mix  and  re- 
main in  contact  vrith  the  residual  gas,  then  we  have  a  simple 
condensation.  The  distinguishing  characteristic  of  simple 
condensation  is,  then,  that  at  any  instant  in  the  process  the  re- 
sidual vapor  is  in  equilibrium  with  the  total  amount  of  liquid 
originally  associated  with  it.  If,  on  the  other  hand,  we  keep  the 
small  increments  of  condensate  separate  during  the  process,  then 
at  any  instant  the  residual  vapor  will  be  in  equilibrium  only  with 
the  last  increment  of  condensate,  and  the  condensation  may  be 
said  to  be  a  differential  one.  Neither  of  these  limiting  types  is 
exactly  realized  in  practice  but  the  common  cases  approach  one 
or  the  other  type.     For  instance,  if  a  mixture  of  noncondensable 

•  It  should  be  noted,  in  this  connection,  that  some  mixtures  ap- 
parently deviate  widely  from  Raoult's  law  when  the  normal  molecular 
weights  are  used,  but  approximately  obey  the  law  when  a  fictitious  molecular 
weight  is  used  for  one  of  the  components.  The  equations  to  be  developed 
apply  to  such  mixtures. 

•W.  K.  Lewis.  This  Journal,  1  (1909),  522;  Alcan  Hirsch,  Ibid., 
a  (1910),  409. 


gas  and  vapor  were  slowly  cooled  in  a  receiver  and  no  condensate 
removed  during  the  process,  the  condensation  would  be  prac- 
tically simple.  If,  on  the  other  hand,  the  condensate  were  re- 
moved as  fast  as  formed,  tlie  condensation  would  be  practically 
differential.  A  differential  condensation  is  prol)abIy  quite 
closely  realized  when  the  vapor  from  a  mixture  containing  non- 
condensable  gas  is  being  continuously  condensed  in  a  surface 
condenser,  particularly  if  the  condensate  is  drawn  of!  at  a  number 
of  points  to  minimize  mixing. 

In  the  ordinary  condensation  of  binary  mixtures  in  connection 
with  distillation,  these  two  methods  of  condensation  lead  to  quite 
diflerent  results,  but  it  will  be  shown  later  that,  as  far  as  the 
amount  of  condensate  obtained  from  the  condensation  of  vapors 
from  mixtures  containing  noncondensable  gas  is  concerned, 
the  results  are  practically  the  same.  This  is  a  fortunate  fact  as 
it  greatly  simplifies  the  mathematical  treatment. 

We  will  now  proceed  to  develop  the  theory  for  both  types  of 
condensation,  in  order  to  prove  this  point  and  obtain  equa- 
tions which  can  be  applied  to  the  solution  of  problems. 

Simple  Condensation — In  developing  equations  for  simple 
condensation,  the  following  nomenclature  will  be  used: 

.T  =  mol  fraction  of  a  component  in  the  gas  phase. 

y   —  mol  fraction  of  a  component  in  the  liquid  phase. 

The  prime  mark  (')  and  double  prime  (')  will  represent  initial 
and  final  states,  respectively. 

D  =  total  pressure,  which  is  a  constant  in  any  given  condensa- 
tion. 

p  =  vapor  pressure  of  a  pure  liquid  component  at  the  final 
temperature  in  the  process. 

Subscripts  a,  b,  c,  etc.,  will  refer  to  the  components. 

W  =  number  of  mols  of  condensate. 

Thus  y'a'  would  represent  a  mol  fraction  of  component  "A" 
in  the  liquid  in  the  final  condition. 

Taking  one  mol  of  initial  gas  as  the  basis  for  all  calculations, 
we  may  establish  the  following  condition  equations  for  the  case 
of  two  vapors  mixed  with  noncondensable  gas  from  Raoult's 
law  and  that  of  conservation  of  mass: 


*o'  D  =  ya'  pa 

xb'  D  =  yb'  Pb 

Xa'  -  Xa'  (1  -  W)   =  ya'  W 

Xb'  -  Xb'  (1  -  W)  =  yb'  W 

ya'  +  yb'  =  1 


(2) 
(3) 
(4) 
(5) 
(6) 


Equations  2  and  3  state  that  for  each  component  the  partial 
pressure  of  that  component  in  the  final  vapor  equals  the  vapor 
pressure  of  the  same  component  over  the  final  condensate.  In 
other  words,  we  are  equating  the  partial  pressure  given  by  Dalton's 
law  to  the  vapor  pressure  given  by  Raoult's  law.  Equations  4 
and  5  state  that  the  amount  of  a  given  component  condensed 
from  the  gas  equals  the  amount  of  the  same  component  appear- 
ing in  the  liquid.  Equation  6  states  that  the  sum  of  the  mol  frac- 
tions of  all  the  components  in  the  liquid  equals  imity. 

There  are  five  unknowns,  the  four  final  mol  fractions  and  W, 
the  amount  condensed,  and  there  are  five  equations;  therefore, 
we  can  solve  for  W.     Omitting  intermediate  steps,  we  obtain: 


w(.-&)+l''-(i-g)+fe' 


=  1 


(7) 


For  the  sake  of  abbreviation,  let 

pa  Pb  . 

•5   =  ai,    5    =    aj,  1   -  «■ 

The  Equation  7  becomes: 
Xa' 


ki,  and  1   —  oj  =  kt. 


=  1 


(8) 


kiW  +  ai    "^  *j  W  4-  aj 

By  noting  that  Equation  8  is  a  quadratic  of  the  form  AW  +  BW 
4-  C  =  0,  where 

A  =  -  kikt 

B  =  x'a  ki  +  Xb'  ki  —  a^  ki  —  «»  kt 

C  =  x'a  at  +  Xb'  ai  —  ai  at 
we  can  solve  directly  for  W  the  amount  of  condensate. 
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Thus  W 


-  B  ±  Vb= 


4  AC 


2  A 


(9) 


For  any  given  set  of  conditions,  A,  B,  and  C  may  be  determined 
and  W  obtained.  W  will  equal  the  mols  condensed  per  mol  of 
original  gas.  If  Ma  and  Mj  are  the  molecular  weights  of  com- 
ponents A  and  B,  respectively,  then  the  lbs.  condensed  per  mol 
of  gas  wiU  equal  (>„'  W  Mo  +  >■(,'  W  Mj).  This  can  readily 
be  determined  after  W  has  been  calculated. 

Before  applying  this  equation,  we  will  next  derive  the  analo- 
gous equation  for  differential  condensation,  after  which  we  will 
compare  the  two  on  definite  numerical  problems. 

Differential  Condensation — We  may  again  write  the 
conditions  for  equilibrium,  namely,  the  equality  of  partial 
pressure  of  a  component  in  the  vapor  and  the  vapor  pressure  of 
the  same  component  over  the  liquid,  omitting  the  primes  to 
indicate  any  instant. 

Thus,  Xa  T>  =  yaPa  (10) 

and       xb  D  =  ybPb  (H) 

It  is  more  convenient  for  our  purpose  to  express  the  mol  fractions 
as  a  ratio  of  number  of  mols  of  each  component  to  a  total  number 
of  mols.  Thus,  if  n  =  number  of  mols  of  a  component  in  the 
gas,  m  =  number  of  mols  of  a  component  in  the  liquid,  N  = 
total  mols  of  gas,  and  M  =  total  mols  of  liquid,  then  Equations 
10  and  11  become: 

Wa   D    ^    nig  Pa 

N  M 

nb  D    _  mbJPb 

N  M 


and 


(12) 


(13) 


Dividing  (12)  by  (13)  we  obtain 


Pi 


It  only  a  differential  amount  of  liquid  is  to  be  in  equiUbrium 
with  the  gas  at  any  point  according  to  our  definition  of  difterential 
condensation,  then  we  can  replace  nia  and  m;,  by  dtrta  and  dntb, 
which  are  obviously  equal  to  dna  and  dnb,  respectively. 


There  results: 


Va  Po     dfla 

ttb    ~    Pb     dnb 


CPa     dna    ^     r 
J  Pb        na  J 


dnb 


(15) 
(16)' 


To  integrate  this  equation,  we  may  assume  that  Po/Pfc  is  a 
constant,  c.  This  is  only  an  approximation  as  c  varies  with  the 
temperature  throughout  the  condenser,  but  the  variation  in  c 
is  not  great  if  the  temperature  range  is  narrow.  It  can  also 
be  shown  that  considerable  variation  in  c  affects  the  final  result 
but  slightly. 

The  integral  of  this  equation  is  obviously 

c  log  na  =  log  nb  +  K  (17) 

where  K  is  a  constant  involving  initial  and  final  conditions. 

'  The  equatioD  given  by  Lewis'  tor  condensation  of  distilled  liquids  is, 
when  expressed  in  the  above  nomenclature: 


rd  w      r  dx 

J    w     '  J  y-- 


When  dealing  with  a  binary  mixture  of  two  condensable  components  with 
DO  noncondensable  gas  present,  this  equation  can  be  solved  by  expre.s.sing 
>  as  a  function  of  x  and  integrating,  either  by  straight  mathematical  processes 
or  by  a  graphical  method.  In  the  case  of  the  condensation  of  vapors  from 
mixtures  containing  noncondensable  gas,  y  is  not  only  a  function  of  x,  but 
alio  of  W,  if  X  is  based  on  the  total  gas,  condensable  plus  noncondensable. 
The  dilTercoti.tl  efjuatlon  obtained  by  expressing  y  as  a  function  of  *  and  W 
Is  not  readily  solved  liy  ordinary  methods.  On  the  other  hand,  it  *  is 
based  on  the  condensable  gas  only,  then  .v  is  a  definite  function  of  x  only, 
but  In  that  case  the  total  pressure,  which  as  will  appear  later,  enters  into  the 
constant  of  integration,  must  also  be  the  total  pressure  on  the  condensable 
components  only,  and  hence  will  not  be  constant.  Consequently,  we  were 
led  to  develop  the  equation  in  another  form  suggested  by  a  similar  equation 
(or  distillation  in  Young's  "Fractional  Distillation." 


For  the  purpose  of  calculating  W,  the  amoimt  condensed,  it  is 
simpler  to  integrate  between  limits.  The  upper  limits  are  n^' 
and  nb',  respectively,  and  the  lower  limits,  na"  and  nb',  will 
involve  W.  Consequently,  we  will  obtain  equations  relating  W 
with  other  variables  which  will  be  known  for  any  specific  problem 
and  we  can  at  once  solve  for  W. 

na"  and  nj",  the  number  of  mols  of  the  two  condensable  com- 
ponents in  the  gas  at  the  end  of  the  condensation,  are  not  di- 
rectly known  but  can  be  expressed  in  terras  of  the  initial  number 
of  mols,  and  W,  and  certain  known  constants.  The  final  equa- 
tions are  given  as  follows: 


and 


„  _  /><■  (1  -  W)  -I-  c  D  (W  -  Ug'  -  nb') 
""     ~  D  (1  -  c) 

D(na' +  nb' -W)  -  Pail -W) 


(18) 
(19) 


D  (1  -  c) 

These  two  equations  are  based  on  /  mol  of  initial  gas. 
Substituting  these  limits  in  the  integrated  form  of  the  equation, 
we  obtain  as  a  final  equation  for  differential  condensation. 


r  na'  D  (1  -  c) "I 

^^      I  pa(l  -  W)+cD(W  -na'-ra(,')J 

_  ,   r       vb'  (1  -  c)  D "I 

-   '°8  [D(«a'  +  nb'  -  W)-Pa  (l-W)J 


(20) 


This  equation  contains  a  relation  between  the  amount  con- 
densed during  a  difTerential  condensation  and  the  final  tempera- 
ture in  the  condenser,  given  the  initial  concentration  and  the  total 
pressure.  The  temperature  does  not  appear  as  such  in  the  equa- 
tion, but  is  involved  in  pa,  the  vapor  pressure  of  pure  A  at  the 
final  temperature.  The  relation  is  not  a  direct  one,  but  the 
equation  may  be  solved  readily  by  trial  and  error,  and  it  is  just 
as  well  to  leave  it  in  the  above  form.  The  method  of  solution 
is  fairly  simple,  usually  involving  only  a  few  trials. 

Application  of  the  Equations  for  Two  Components — 
We  have  now  two  equations  for  calculating  W,  one  for  simple 
condensation  and  one  for  differential  condensation.  The  former 
is  much  the  simpler  and  easier  to  use,  and  it  happens  that  the 
two  give  practically  the  same  result  for  W  over  quite  wide  limits, 
so  that  the  simpler  one  can  generally  be  used  for  both  cases." 
The  best  way  to  show  this  is  to  take  a  number  of  cases  and 
actually  use  both  equations  and  compare  the  results.  The  fol- 
lowing table  shows  the  results  of  several  calculations : 


Pbr  cent 

BV  WB 

CONDBNSED 
IIGHT' 

Mol  Pbr  cbnt  of  A'  in 
THE  Residual  Vapor 

Casb 

Simple 
Condensa- 
tion 

Differential 
Condensa- 
tion 

Simple 
Condensa- 
tion 

Differential 
Condensa- 
tion 

3   per   cent    benzene 
and  1  per  cent  tol- 
uene compressed  to 
SlfiOmm.dOOIbs./ 
sq.    in.    abs.>    and 
cooled  at  constant 
press  to  20°  C.V... 

71.8 

68.7 

37. 5 

•4.5 

20  per  cent  benzene 
and  10  percent  tol- 
uene     cooled      to 
20°  C.  at  760  mm. 

81.6 

76.6 

87.0 

W.S 

3  per    cent    benzene 
and  1  per  cent  tol- 
uene compressed  to 
a.'i  Ibs./sq.  in.  abs. 
and  cooled  to  20° 
C 

28.2 

27.5 

15  per  cent  methanol 
and  .■>  per  cent  eth- 
anol  cooled  to  0°  C. 
at  700  mm 

88  0 

86.0 

'  Per  cent  figure  based  on  paper  alone  without  the  noncondeosftble  gas. 
'  A  refers  to  the  more  volatile  component. 

*  Per  cent  by  volume  in  mixtures  with  air  or  other  noncondensable  gas. 

It  is  quite  evident  that  the  two  equations  give  practically  the 
same  result  as  far  as  weight  of  condensate  is  concerned,  for  a 

*  It  should  be  noted  that  the  two  equations  also  apply  to  the  case  of 
binary  vapor  mixtures  containing  no  noncondensable  gas,  but  it  is  by  do 
means  true  that  the  two  different  equations  lead  to  even  approximately  the 
same  amount  condensed  in  many  cases. 
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wide  variety  of  coaditions.     As  would  be  expected,  the  didereii- 
tial  condensation  leaves  a  residual  vapor  considerably  richer  in 
the  more  volatile  component  than  does  simple  condensation. 
The  mol  per  cent  of  A  in  the  residual  vapor  is 


»o'  +  "6* 


X  100 


For  difTerential  condensation,  n,,'  is  given  by  liquation  18  and 
«j'  is  given  by  Equation  19.  For  simple  condensation  we  can 
obtain  «a'  by  combining  Equations  2  and  4,  giving: 

,    _    Xg'  pa 

■'""      -    W  (D  -  Pa)  +  Pa 
and  then  n^'  =  Xg"  (1  — W) 

These  equations  were  used  to  obtain  the  raol  per  cent  of  A  in 
the  residual  vapor,  figures  for  which  are  given  in  the  table. 

Let  us  now  consider  more  in  detail  the  application  of  the  equa- 
tions to  some  more  numerical  problems.  Having  shown  that  the 
two  different  equations  are  identical  for  most  practical  purposes  as 
far  as  the  amount  of  condensate  is  concerned,  we  may  use  only  the 
simpler  one.  Assume  that  we  had  a  mixture  of  benzene  and  tol- 
uene vapor  in  air  at  1  atm.,  containing  3  per  cent  benzene  and  1 
l>er  cent  toluene  by  volume,  and  %vished  to  know  how  much,  if 
any,  would  condense  at  20°  C.     In  the  first  place,  it  is  obvious 

V 
that  X  =    ■r:r  •  where  V  =  volume  per  cent  of  the  gas  in  ques- 


100 


tion. 


Prom  vapor  pressure  tables  we  find  that  pa  —  75  mm.  and 
Pi,    =   22  mm.      Then 


75  22 

=  —  =    0.0986   and     a,    = 


760 

=  0.029;  k,  =  0.9014  and  k,  =  0.971.  From  these  values  we 
may  solve  for  A,  B,  and  C,  to  be  used  in  Equation  9. 

Thus  we  find  that:  A  =  -0.875;  B  =  -0.08:38;  C.=  -0.001. 

Substituting  in  Equation  9  we  find  that  both  roots  are  negative. 
In  other  words,  nothing  will  condense  from  this  mixture  under 
these  conditions.  Furthermore  if  C  =  O  in  Equation  9,  W  =  O 
is  one  root  and  the  other  is  negative.  That  is,  if  C  =  O,  the  mix- 
ture is  just  at  the  saturation  point.  Equating  C  to  O,  we  see 
that: 

Xa'  cii  +  Xb'  ai  =  ori  aj 


Xa    Pb  +  Xb    pa  -    "p" 


(21) 


Equation  21  may  be  used  as  a  criterion  to  tell  whether  a  given 

mixture  will  or  will  not  deposit  any  liquid.     If 

pa  Pb 
Xa    Pb  +  Xb    pa    <   -jj- 

it  is  obvious  that  the  mixture  is  below  the  condensation  point, 
and  conversely  if 

Pa  pa 
Xa    pb  +  Xb'  pa  >    -p- 

then  condensation  will  take  place.  These  expressions  are  useful 
for  predicting  qualitatively  whether  or  not  any  condensation 
will  take  place  under  given  conditions.  For  example,  assume 
that  we  wish  to  know  if  the  same  mixture  given  above  will  con- 
dense any  liquid  when  compressed  to  100  lbs.  per  sq.in.  gage 
pressure  and  cooled  then  to  20°  C.  In  this  case 
114.7 


D 


14.7 


X  760  =  5940  mm. 


Papb 


0.252 


Now  Xa '  pb  +  Xb '  pa  =  l  .98  for  these  conditions  and  — ^ 

Then,  according  to  the  criterion  established  above,  condensation 
will  take  place.     Furthermore,  we  may  readily  calculate  at  what 
pressure  condensation  will  start  at  any  given  temperature.     Thus, 
by  rearranging  Equation  21,  we  find  that 
Pa  Pb 


D  = 


(22) 


Xa'  Pb  +  xb'  pa 
Applying  this  to  the  same  conditions  of  temperature  and  concen- 


tration of  benzene  and  toluene,  we  find  that  D  ■=  1170  mm.  - 
22.7  lbs.  per  sq.  in.  abs. 

At  this  point  we  can  advantageously  make  another  comparison 
of  the  two  equations  for  the  different  types  of  condensation.  If 
we  let  W  =  ()  in  Equation  20,  we  obtain 


,Iog      [ ""'  "  ('  -'>       "I  ,        f       nb-D(l-c)       1 

iPa-c  D  (na'  -f-  b»')J    ~  '°«    L("»'  +  »»')  D-Pal 


(23) 


From  this  equation  we  should  be  able  to  calculate  the  pressure  to 
give  initial  condensation  with  any  given  mixture  at  a  given  tem- 
perature. Furthermore,  this  equation  should  give  exactly  the 
same  initial  condensation  point  as  Equation  22.  One  may  easily 
prove  this  by  substituting  the  value  of  D  given  by  liquation 
22  in  Equation  23.  We  then  obtain  c  log  1.0  =  log  1.0,  thus 
satisfying  the  equation  exactly.  Therefore,  the  two  equations  do 
predict  the  same  initial  condensation  point. 

Mixtures  of  More  than  Two  Components 

For  the  case  of  simple  condensation  it  is  fairly  easy  to  develop 
equations  for  the  calculation  of  weight  condensed  for  any  number 
of  components,  provided  Raoult's  law  is  approximately  obeyed. 
For  example,  for  the  case  of  three  components  we  can  establish 
the  following  condition  equations,  exactly  analogous  to  Equa- 
tions 2  to  C,  inclusive: 

Xa'T)  =  ya'  pa,  and  two  similar  equations  with  subscripts  b  and  c, 
Xa'  —  Xa'  (1  —  W)  =  ya'  W,  and  two  similar  equations  with 
subscripts  b  and  c;  ya'  -f  yb'  -^  >'c'  =  1- 

We  have  seven  equations  and  seven  unknowns,  and  consequently 
we  can  solve  the  equations  simultaneously.  The  solution  is  as 
follows,  using  the  same  abbreviations  as  before : 


*i  W  -t-  a,    +    *2  W  -H  a:   "^    *s  W  -f 


=   1 


(24) 


This  is  a  cubic  equation  in  W  and  is  readily  solved  by  trial  and 
error.  It  is  simpler  to  leave  it  in  the  form  given  than  to  clear  of 
fractions.  Furthermore,  the  equation  for  any  number  of  com- 
ponents can  readily  be  deduced  in  this  form  by  simply  adding  on 
more  terms  of  a  symmetrical  type.  For  example,  for  four  com- 
ponents the  left-hand  number  contains  an  additional  term. 

x'd 

,    „. — ; and  the  right-hand  number  is  always  1.0 

*4  W    -f  a. 

The  analogous  equations  for  differential  condensation  we  will 
not  give  here,  though  they  can  be  developed  just  as  readily  as 
the  ones  for  binarj'  mixtures.  It  will  be  assumed,  from  analogy 
to  the  binary  case,  that  the  two  will  give  practically  the  same  re- 
sults for  amount  of  condensate. 

Application  of  Equations  for  Three  Components 

The  equations  for  more  than  two  components  could  un- 
doubtedly be  applied  to  the  quantitative  study  of  the  phenomena 
that  take  place  in  the  condensation  of  gasoUne-air  mixtures,  but 
unfortunately  we  have  no  simple  way  of  ascertaining  the  compo- 
sition of  the  gasoline.  It  is  quite  likely  that  the  several  different 
hydrocarbons  in  gasolines  would  form  a  mixture  obeying  Raoult's 
law  fairly  well.  We  can,  however,  make  use  of  the  equations  to 
explain  certain  phenomena  that  do  arise  in  practice.  For  instance, 
in  processes  for  gasoline  recovery  from  air-gasoline  or  inert  gas- 
gasoline  mixtures,  it  is  customary  to  assume  an  average  molecular 
weight  and  then  an  average  vapor  pressiu-e  for  the  gasoline  as  a 
basis  for  making  calculations  lor  design  and  other  purposes. 
Where  the  recovery  process  consists  of  a  series  of  condensations 
at  ditlerent  pressures,  this  procedure  usually  gives  about  the 
correct  result  for  the  first  condensation,  but  almost  always  gives 
much  too  high  a  result  for  the  succeeding  ones.  In  other  words, 
the  total  yield  is  generally  considerably  less  than  would  be  pre- 
dicted by  the  average  vapor  pressure  method.  By  choosing  a 
hypothetical  case  and  applying  the  equations  developed,  we  can 
easily  show  that  this  is  to  be  expected.     Assuming  a  gas  con- 
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taining  3  per  cent  pentane,  6  per  cent  hexane,  2.5  per  cent  hep- 
tane, 1.0  per  cent  octane,  and  the  rest  air  (per  cents  by  volume), 
the  equation  predicts  that  48  per  cent  of  the  total  solvent  will  be 
condensed  at  20°  C.  and  30  lbs.  per  sq.  in.  abs.  The  average 
molecular  weight  method  predicts  a  condensation  of  46  per  cent 
and  thus  checks  the  equation.  The  residual  vapor  will  now  con- 
tain about  2.4  per  cent  pentane,  3.3  per  cent  hexane,  0.66  per 
cent  heptane,  and  0.09  per  cent  octane  (by  calculation),  which 
shows  that  considerable  fractionation  has  taken  place  with  con- 
sequent increase  in  relative  proportions  of  the  two  more  volatile 
components.  When  this  gas  is  compressed  to  100  lbs.  per  sq.  in. 
gage  and  cooled  to  20°  C,  the  equation  predicts  a  condensation 
of  56  per  cent,  while  the  condensation  should  yield  73  per  cent  of 
the  total  solvents,  according  to  the  calculation  based  on  original 
average  molecular  weight. 


One  other  example  may  be  offered  to  show  the  application  of  the 
equation  for  three  or  more  components.  In  dealing  with  benzol 
vapor  it  is  usual  to  treat  the  benzol  as  if  it  were  pure  benzene. 
The  usual  solvent  benzol,  known  as  "90  per  cent  benzol,"  actually 
contains  about  84  per  cent  benzene,  13  per  cent  toluene,  and  3 
per  cent  xylene.  If  we  consider  a  gas  mixture  containing  15  per 
cent  by  volume  of  "90  per  cent  benzol"  of  this  composition,  and 
cool  it  to  20°  C.  at  atmospheric  pressure,  the  equation  predicts 
a  condensation  of  50  per  cent  of  the  weight  of  the  benzol,  whereas 
for  pure  benzene  the  calculated  value  is  only  38  per  cent. 

We  realize  that  no  direct  experimental  evidence  is  adduced  to 
show  the  validity  of  the  equations  developed,  but,  on  the  other 
hand,  they  are  based  on  nothing  but  very  simple  and  well-estab- 
lished laws,  and  furthermore,  they  do  lead  to  results  which  are 
in  general  accord  with  experience  in  the  field  of  solvent  recovery. 


Early  Chemical  Industry  in  America — A  Few  Comparisons 
of  Past  and  Present  Conditions' 


By  C.  A.  Browne 

80  South  St..  Nbw  York,  N.  Y. 


THE  SUBJECT  "Early  Chemical  Industry  in  America" 
may  perhaps  appear  a  misnomer,  for  what  is  known  to-day 
as  chemical  industry-,  with  its  organization  of  chemists 
for  research  and  control,  is  of  very  recent  origin.  It  has  been 
said  that  there  were  no  industries  in  the  United  States  that  could 
be  termed  strictly  chemical  until  after  the  Civil  War,  and  this 
is  probably  true  if  we  limit  our  meaning  to  those  industries 
that  are  controlled  by  chemical  supervision.  Chemical  con- 
trol requires  a  quantitative  inventory  of  this  or  that  valuable  in- 
gredient as  it  enters  and  leaves  a  factory,  and  quantitative  analysis 
was  not  generally  taught  in  American  colleges  until  after  the  Civil 
War.  It  was  only  in  private  laboratories,  such  as  that  of  Dr. 
J.  C.  Booth  in  Philadelphia,  that  such  instruction  could  best  be 
acquired.  Probably  no  one  did  more  than  Dr.  Booth  toward 
making  American  manufacturers  realize  the  importance  of  chemi- 
cal control,  yet  this  leader,  as  late  as  1860,  was  unable  to  induce 
the  iron  masters  of  Eastern  Pennsylvania  to  contribute  jointly 
the  small  annual  sum  of  $1200  for  controlling  the  work  of  their 
furnaces  by  a  chemical  analysis  of  the  ores.'  Such  was  the  gen- 
eral attitude  of  industry  toward  chemistry  in  the  United  States 
only  sixty  years  ago. 

But  while  chemically  controlled  industry  in  the  United  States 
is  relatively  modern,  a  large  number  of  industries  were  estab- 
lished before  18(X)  which  present  nomenclature  would  term 
chemical.  According  to  a  report  made  by  Coxe'  in  1702,  the 
following  chemical  industries  were  existing  at  that  time  in  the 
United  States :  candles  and  soap ;  chemicals  (such  as  Glauber  salts, 
saltpeter, etc.);  distillery  pro<lucts;  drugs;  fermentation  products; 
glass,  bricks  and  pottery;  gunpowder;  indigo;  leather;  lime 
and  plaster;  metals;  naval  stores  (turpentine,  tar,  rosin,  etc.); 
oils,  fats,  and  waxes;  paint  and  varnish;  paper;  potash;  salt; 
sugar,  mola.sscs,  etc.;  and  various  miscellaneous  products, 
such  as  glue  and  lampblack.     In  the  present  paper  a  brief  ac- 

'  Condrnscfl  from  papers  read  before  the  Section  of  History  of  Chemistry 
at  the  63rd  Mcctirii;  of  the  American  Chemical  Society.  Birmingham.  Ala., 
April  3  to  7,  192:;,  and  liefore  the  joint  meeting  of  the  New  Yoric  local 
chemiMl  wdetirs  under  direction  of  the  American  Section  of  the  Soci^t^ 
de  Chimie  Indujtriclle   New  York.  N.  Y.    May  12.  1922 

'  "Notes  and  Comments."  by  Jame.s  M.  Swank,  Philadelphia,   1897,  p. 


count  will  be  given  of  the  rise  of  a  few  of  these  early  chemical 
industries. 

The  Indians 

The  early  pioneers  of  industry  in  this  country  were  in  many 
ways  indebted  to  the  Indians,  who  gave  them  their  first  knowledge 
of  rubber,  maple  sugar,  chocolate,  vanilla,  cochineal,  and  other 
commodities.  The  more  advanced  .\ztec  and  Inca  tribes  had 
acquired  a  considerable  knowledge  of  dyeing  and  other  chemical 
operations.  The  modem  chocolate  manufacturer,  for  example, 
simply  repeats  on  a  large  scale  the  various  steps  of  curing,  roast- 


ISI 


p  of  the  llnilcd  Slates,"  1794. 


Fir.     1— Indians   Roastino,   PunNDiNr,.  and  Roiling  Cacao  Bbans  in 

Manufactuhb  op  Chocolatb.     (From  Ogii.bv's  "Ambrica," 

London,  1671) 

ing,  crushing,  and  rolling  as  they  were  first  learned  from  the  In- 
dians. Another  illustration  of  the  chemical  technology  of  the 
-American  aborigines  is  the  manufacture  of  tapioca  starch  from 
Cassava.  The  crushed  roots  of  this  plant  contain  from  0.02  to 
0.03  per  cent  of  hydrocyanic  acid,  owing  to  the  hydrolysis  of  a 
poisonous  glucoside.     The  Indians,  without  knowing  the  chem- 
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istry  of  all  this,  first  reduced  tlic  Cassava  roots  to  a  pulp  on  a 
rude  grinding  machine,  then  washed  the  starchy  material  in  a 
pan,  after  which  the  poisonous  water  was  removed  by  filtering 
through  a  sack  and  squeezing.  The  residue  of  starch  was  then 
dried.  Other  examples  could  be  cited  to  show  that  many  opera- 
tions of  modern  industrial  chemistry,  such  as  roasting,  grinding, 
pounding,  washing,  filtering,  and  drying,  were  performed  by  the 
Indians,  although  of  course  on  a  very  primitive  scale. 

The  Spaniards 

The  first  Europeans  to  conduct  experiments  in  chemical 
industry  within  the  present  border?  of  the  United  States  were  the 
Spaniards.  Their  inquiries  were  limited  almost  entirely  to  the 
precious  metals.  De  Soto  is  said  to  have  had  metallurgists  in 
the  expedition  which  he  led  through  the  southern  states  in  1539 
and  1540,  and  ancient  diggings  in  Alabama  are  thought  by  some 
to  have  been  made  by  De  Soto's  party.  No  records,  however, 
of  the  metallurgical  operations  of  this  expedition  have  been  dis- 
covered. The  earliest  definite  account  which  the  author  has 
thus  far  been  able  to  find  of  a  chemical  operation  performed 
within  the  present  boundaries  of  the  United  States  is  an  unpub- 
lished report,*  in  a  transcript  of  documents  from  the  Spanish 
archives. 

In  the  latter  part  of  the  year  1598,  during  the  expedition  of 
General  de  Onate  into  New  Mexico,  a  party  of  Spaniards  noticed 
some  bright-colored  pigments  of  blue,  green,  yellow,  and  red, 
which  the  Indians  were  using.  Suspecting  that  these  pigments 
might  be  ores  of  precious  metals,  several  Spaniards  had  the  In- 
dians conduct  them  to  the  source  of  the  minerals,  which  was  a 
three  days'  journey  distant.  Here  with  their  knives  they  dug  out 
lumps  of  ore  which  were  carried  back  to  the  pueblo  where  the 
main  body  of  the  expedition  was  staying.  The  ores  were  as- 
sayed at  this  pueblo  by  an  accountant,  Alonzo  Sanchez,  and  a 
piu-veyor,  Diego  de  Cubia.  These  two  officers  made  separate 
assays  and  reports.  The  deposition  of  Alonzo  Sanchez  is  the 
more  complete  and,  in  substance,  is  as  follows: 

From  a  stone  received  by  Sanchez  from  the  soldier  Miguel 
Montero,  and  which  weighed  half  a  pound,  more  or  less,  he  ob- 
tained in  an  assay,  made  by  treating  the  stone  with  mercury 
for  8  days  and  then  expelling  the  mercury,  a  lump  of  silver 
equivalent  to  about  12  ounces,  more  or  less,  to  the  quintal  (or 
hundred  weight)  of  ore.  Sanchez  stated,  however,  that  because 
the  assay  was  made  during  a  spell  of  very  cold  weather  and  for 
only  S  days,  he  felt  absolutely  sure  that  the  ore  contained  much 
more  silver  than  he  was  able  to  extract.  From  his  extensive 
past  experience  in  the  assaying  of  other  ores  by  means  of  mer- 
cury, he  believed  the  present  mineral  to  be  very  rich  in  silver. 

While  this  analysis  by  Alonzo  Sanchez  may  lack  something 
as  regards  exactness,  his  record  should  be  allowed  to  stand  until 
an  earlier  and  better  one  is  discovered.  Ruins  of  old  furnaces  in 
Arizona  and  New  Mexico  indicate  that  mining  and  smelting  opera- 
tions were  carried  on  there  by  the  Spaniards  at  a  very  early  date. 

With  regard  to  the  extraction  of  silver  from  ores  by  mercury 
as  mentioned  in  the  old  document  of  the  Spanish  Archives,  it 
should  be  recalled  that  in  1557,  forty  years  before  Onate's  expe- 
dition, the  cold  amalgamation,  or  patio,  process  of  silver  extrac- 
tion was  invented  at  Pachuca,  Mexico,  by  Bartholomew  de 
Medina.'  This  process,  which  for  several  centuries  yielded  the 
greater  part  of  the  world's  production  of  silver,  ranks  as  one  of 

*  The  report  is  entitled  "Relacion  de  los  ensayes  que  se  hicieron  de 
ciertas  minas"  and  can  be  found  in  the  Library  of  Congress  at  the  end  of 
Vol.  Ill  of  the  Lowery  transcripts  of  documents  relating  to  New  Mexico 
in  the  Spanish  Archivo  General  de  Indias  at  Seville.  The  report  is  referred 
to  on  page  208  of  H.  E.  Bolton's  "Spanish  Explorations  in  the  Southwest." 

*  For  a  full  account  of  this  process  see  Humboldt's  "Political  Essay 
on  the  Kingdom  of  New  Spain."  Black's  Translation  (London,  1811), 
Vol.  3,  pp.  253-280.  See  also  Pepper's  "Playbook  of  Metals"  (London, 
1862),  pp.  213-216,  which  gives  a  good  illustration  of  the  arrastra  and  a 
scheme  of  the  complicated  chemical  reactions  which  take  place  in  the  torta. 
For  a  more  modem  view  of  these  reactions  see  the  article  by  Vondracek, 
Ret.  melal.,  6  (1908),  67S,and  the  recent  works  on  the  metallurgy  of  silver. 


the  most  remarkable  discoveries  in  metallurgy.  It  was  partic- 
ularly adapted  to  districts  where  fuel  was  lacking.  In  this  process 
the  silver  ore,  in  the  form  of  sulfide  or  other  combination,  was 
finely  pulverized  in  a  stone  drag  mill,  or  arriistra,  which  was  the 
earliest  form  of  pulverizer  to  be  used  in  the  western  states. 
The  wet  powdered  ore  was  then  thoroughly  mixed  in  a  patio,  or 
paved  court,  with  common  .salt  and  the  so-called  magistral, 
which  consisted  of  roasted  cop|)er  pyrites.  After  the  wet  mass, 
or  torta,  had  stoo<l  for  some  days,  mercury  was  added  and  the 
whole  well  mingled  together  by  tramping  mules.  At  the  end  of 
a  month  or  more,  the  earthy  matter  was  washed  away  from  the 


Fic.  2 — Mexican  Arrastra,  or  Stons  Drag  Mili.,  for  Polvbrizino 

Silver  Orbs.     (From  Pbppkr's  "Playbook  of  Mbtals," 

London.  1862) 


amalgam  and  the  silver  recovered  from  the  latter  by  pressing 
through  skins  and  retorting.  The  patio  process,  as  Humboldt 
once  remarked,  is  one  of  those  chemical  operations  which  were 
discovered  and  worked  for  centuries  before  the  theory  of  the 
procedure  was  understood.  Humboldt  and  Gay-Lussac  spent 
much  time  in  studying  the  chemistry  of  the  process,  and  even 
now  opinions  differ  as  to  the  series  of  reactions  in  the  torta  by 
which  the  silver  sulfide  is  changed  to  the  cMoride  and  the  chloride 
to  metallic  silver.  The  patio  amalgamation  process  and  the  Bus- 
tamente  mercury  furnace  are  among  the  first  of  the  long  series  of 
industrial  chemical  processes  which  originated  in  the  New  World . 
The  scientific  work  of  the  old  Mexican  metallurgists  is  not  to  be 
despised.  It  was  a  Mexican,  del  Rio,  who  first  called  the  atten- 
tion of  the  world  to  the  element  vanadium. 

Over  a  century  after  the  early  work  of  the  Spaniards  in  the 
Southwest  came  the  smelting  operations  of  the  French  in  the  old 
territory  of  Louisiana.  In  1712,  Louis  XIV,  king  of  France, 
looking  with  covetous  eyes  upon  the  precious  metals  which  the 
Spaniards  were  acquiring  in  the  New  World,  granted  letters 
patent  for  developing  the  gold  and  silver  mines  of  Louisiana. 
This  was  the  origin  of  the  famous  Mississippi  Bubble  which  after- 
wards burst  and  brought  ruin  to  so  many.  The  so-called  "Com- 
pany of  the  West"  was  formed  and  in  1719  a  French  metallurgist, 
Philip  Renault,  sailed  from  France  with  two  hundred  workmen. 
At  San  Domingo,  Renault  purchased  five  hundred  slaves  to  work 
his  mines,  and  then  sailing  up  the  Mississippi  River  arrived  in 
1720  at  Kaskaskia,  a  French  settlement  in  Illinois.  From  here 
he  conducted  prospecting  expeditions,  on  one  of  which  the 
famous  lead  mines'  of  Missouri  were  discovered.  Renault, 
disappointed  in  his  quest  for  gold,  turned  all  his  attention  to 
lead  smelting,  and  extracted  considerable  quantities  of  this 
metal  which,  after  transporting  by  pack  horses  to  the  Mississippi 

•  For  a  history  of  early  lead  smelting  in  Missouri  see  Schoolcraft's 
"View  of  the  Lead  Mines  of  Missouri,"  New  York,  1819,  which  gives  a  fuU 
description  of  processes  and  illustrations  of  furnaces. 
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and  sending  by  boat  to  New  Orleans,  were  shipped  to  France. 
But  the  inhability  to  find  gold  and  silver  created  such  disappoint- 
ment in  Europe  that  the  charter  of  the  "Company  of  the  West" 
was  cancelled  and  Renault  was  left  without  means  to  continue 
his  work.  He  returned  to  France  with  his  workmen,  his  slaves 
were  sold,  and  the  lead  mines  abandoned.  In  1762,  when  Louisiana 
was  ceded  to  Spain,  lead  smelting  at  the  Missouri  mines  was  re- 
vived, but  the  methods  of  extraction  were  imperfect  and  not  more 
than  fifty  per  cent  of  the  lead  in  the  ore  was  obtained.  It  was 
not  until  after  the  Louisiana  Ptu-chase  in  1803,  and  the  entrance 
of  Americans  into  Missouri,  that  the  methods  of  extraction  were 
improved. 

The  furnace  used  by  the  French  and  Spaniards  was  of  the  simple 
log  hearth  tyi)e  built  upon  a  slope.  The  fuel  consisted  of  oak 
logs,  which,  after  filling  in  with  the  sulfide  ore,  were  lighted.  The 
sloping  gutter  of  the  hearth  carried  the  melted  lead  into  a  pit 
lielow  the  front,  from  which  it  was  ladled  into  iron  molds  and 
cast  into  pigs.  After  the  entry  of  Americans  into  the  field,  the 
slag  from  the  log  furnaces  was  resmelted  in  a  so-called  "ash 
furnace,"  which  consisted  of  a  hearth  with  a  long  sloping  flue. 
The  lead  slag  was  washed  from  wood  ashes,  crushed,  mixed  with  a 
siliceous  flux,  and  then  fed  into  the  top  of  the  flue.  The  heated 
charge  as  it  reached  the  bottom  of  the  flue  was  melted;  the 
fluid  slag  above  the  metal  was  drawn  off  on  one  side  of  the  hearth 
and  the  lead  tapped  into  molds  on  the  other.  The  ash  furnace 
was  a  great  improvement  over  previous  methods,  but  it  was  also 
primitive  and  wasteful  and  long  ago  went  its  way  with  other 
relics  of  the  past. 


Flo.  3 — Loo  IISARTu  Furnace  for  Smultino  Lead  Orb.    (From 

ScnOOLCRAIIT'S  "ViKW  OP  THB  LKAD  MtNBS  OH  MISSOURI," 

Nnw  VoRK,  1819) 


Thb  English 

Industrial  chemistry  before  1800  reached  a  higher  develop- 
ment in  Massacliusetts  than  in  any  other  North  American 
state  or  colony.  In  1792  Massachusetts  led  in  the  exportation 
of  nineteen  chemical  commodities,  New  York  followed  with  seven, 
and  Pennsylvania  with  five.  Before  1800,  Massachusetts  led  in 
the  number  of  chemical  patents,  Pennsylvania  was  second,  and 
Connecticut  was  third.  The  lead  in  industrial  chemistry  which 
Massachusetts  held  for  over  150  years  originated  with  one  of  its 
early  colonists,  John  Winthrop,  Jr.,  who  landed  in  Boston  in 
1631  at  the  age  of  twenty-five.  He  is  the  man  who  deserves  to  be 
known  as  America's  first  industrial  chemist.  His  interest  in 
chemistry  is  shown  by  the  fact  that  only  a  few  months  after  his 
arrival  he  l>cgan  to  receive  from  England  chemicals  and  apparatus 


for  starting  a  laboratory.  It  is  remarkable  what  Winthrop  at- 
tempted to  do  in  the  estabUshment  of  chemical  industries  in  the 
New  England  colonies.  He  was  interested  in  the  production  of 
salt,  iron,  glass,  potash,  tar,  black  lead,  saltpeter,  copper,  alum, 
and  other  chemicals.  He  read  reports  upon  some  of  these  in- 
dustries before  the  Royal  Society,  of  which  he  was  a  member,  and 
these  are  the  first  contributions  to  be  made  by  an  American 
chemist  before  a  scientific  association.  In  view  of  the  present 
efforts  to  establish  a  home  dyestuff  industry,  it  may  be  of  interest 
to  know  that  Winthrop  and  his  uncle,  Emanuel  Downing,  made 
what  were  probably  the  first  experiments  upon  the  manufacture 
of  indigo  within  the  present  border  of  the  United  States. 

In  the  library  of  the  Massachusetts  Historical  Society  of 
Boston,  among  the  unpubUshed  papers  of  John  Winthrop,  is  a 
document'  which  should  be  of  great  historic  interest  to  chemists. 
It  is  Winthrop's  outline  of  a  plan,  the  first  of  the  kind  in  America, 
to  form  a  chemical  stock  company,  and  reads  in  part  as  follows: 

If  any  desirous  to  promote  a  publique  good  shall  see  cause 
to  accomodate  that  businesse  with  a  stock  of  3000  £  or  4000  £ 
I  shall  indeavour  (God  permitting)  to  raise  such  comraoditee  as 
may  be  convenient  for  retumes,  and  in  particular  that  staple  of 
saltpeter  of  which  some  (blank)  of  tunes  are  yearly  carried  into 
England,  Holland,  Portugall  and  other  parts;  and  that  no  ad- 
venture of  detriment  may  be  to  any,  doe  hereby  ingage  that  the 
said  stock  shalbe  within  (blank)  yeares  duly  repaied  to  them, 
with  some  convenient  consideration  (if  God  please  to  add  a 
blessing  to  the  designe  so  farre  as  it  be  profitably  effected);  and 
when  it  shall  appeare  demonstratively  incouraging,  they  may. 
if  they  please  to  joyne  in  the  business  and  to  a  further  pro- 
ceeding, advance  to  a  stock  of  10,000  or  20,000  £  or  more. 

Winthrop  had  a  clear  idea  of  the  importance  of  saltpeter  man- 
ufacture as  a  basic  protective  industry.  Through  his  influence, 
in  1642,  the  General  Court  of  Massachusetts  passed  an  order  for 
promoting  the  public  safety  to  the  effect  that  in  order  to  raise  and 
produce  such  materials  "as  will  perfect  the  making  of  gunpowder, 
the  instrumental  means  that  all  nations  lay  hould  on  for  their 
preservation. ...every  plantation  within  the  Colony  shall  erect  a 
house  in  length  about  20  or  30  foote,  and  20  foote  wide  within 
one  half  year  next  coming.... to  make  saltpeter  from  urine  of  men, 
beastes,  goates,  hennes,  hogs  and  horses  dung." 

This  ordinance  may  be  said  to  mark  the  birth  of  our  modern 
nitrate  and  munition  industries.  The  correctness  of  this 
early  colonial  policy  was  afterwards  exemplified  in  the  days  of 
the  American  Revolution,  when  a  Congressional  Tract  upon  the 
manufacture  of  saltpeter  was  issued  by  John  Hancock  in  1776. 
As  a  result  of  this  tract  and  the  methods  therein  described,  the 
manufacture  of  saltpeter  and  gunpowder  made  such  rapid  ad- 
vancement that  when  the  Revolution  was  over  these  commodi- 
ties appear  as  articles  of  export. 

In  the  war  of  1812,  the  recently  discovered  nitrate  deposits  of 
Mammoth  Cave  and  other  caverns  were  used  as  a  source  of  salt- 
peter. The  process  of  manufacture,'  as  carried  out  at  Mammoth 
Cave,  was  as  follows: 

The  "peter  earth,"  containing  about  four  pounds  of  calcium 
nitrate  to  the  bushel,  was  gathered  in  sacks  from  the  remoter 
parts  of  the  cave  and  brought  to  the  leaching  vats,  transporta- 
tion being  accomplished  so  far  as  possible  in  wagons  drawn  by 
oxen.  The  leaching  vats  were  12  to  15  feet  long,  8  to  10  feet 
wide  and  4  to  5  feet  in  depth;  the  bottoms  of  vats  consisted  of 
logs  cut  from  small  trees,  split  into  halves  and  hollowed  out,  and 
joined  together  so  that  the  upper  logs  with  convex  surfaces 
up  fitted  into  the  grooves  of  the  lower  logs  with  convex  sur- 
faces down.  The  water  for  leaching  the  earth  was  brought  in 
wooden  pipes,  made  by  boring  through  the  long  steins  of  trees, 
from  a  spring  outside  the  cave.  The  Icachings  were  caught  in 
the  grooves  of  the  lower  logs  which  being  slightly  inclined  con- 
veyed the  dilute  solution  of  calcium  nitrate  forward  into  a  chan- 
nel to  a  reservoir  whence  it  was  pumped  through  another  wooden 


'  Winthrop  papers,  Vol.  5.  p.  9. 

•  An  account  of  the  nitrate  caves  of  Kentucky  and  other  states  and 
details  of  the  method  of  manufacturing  saltpeter  are  given  by  James  Cot- 
bush  in  his  "System  of  Pyrotechny"  (Philadelphia,  1825).  p.  fi4. 
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pipe  to  the  outside  of  the  cave.  Here  the  leachings  were  evapo- 
rated in  kettles  and  the  strong  solution  filtered  through  hoppers 
containing  wood  ashes.  The  calcium  nitrate  was  in  this  way 
converted  into  potassium  nitrate,  which  was  crystallized  from  the 
filtrate,  after  again  concentrating  and  cooling  in  wooden 
troughs.  The  crystals  of  potas- 
sium nitrate  after  drying  were 
packed  and  transported  by 
horses  and  mules  to  the  sea- 
board. 

Economic  Factors 

It  is  impossible  within  the 
limits  of  the  present  paper  to 
extend  these  descriptions  to  the 
manufacture  of  potash,  salt,  iron, 
soap,  paper,  glass  and  other 
products,  but  a  brief  reference 
should  be  made  to  a  few  eco- 
nomic factors  which  influenced 
the  growth  and  development  of 
early  American  chemical  indus- 
tries. 

There  are  still  vivid  recollec- 
tions of  the  effects  of  the  recent 
World  War  upon  chemical  in- 
dustries in  the  United  States, 
— of  the  extraordinary  stimulus 
which  was  at  first  produced,  of 
the  brief  but  wonderful  prosper- 
ity which  ensued,  of  the  terrible 
depression  that  followed,  and  of 
the  strenuous  efforts  made  to 
save  the  new  industries  which 
the  war  called  into  existence. 
Yet  these  recent  events  are  rela- 
tively of  minor  significance  when 
compared  with  what  happened  F'o. 
in  the  United  States  between 
1806  and  1826.  In  order  to  un- 
derstand the  events  of  this 
critical  period  it  is  necessary  to  go  back  to  colonial  times. 

The  early  Trading  Companies,  such  as  the  "Company  of  the 
West"  already  mentioned,  the  "West  India  Company,"  and 
others,  financed  and  started  their  colonies  in  the  New  World  as 
simple  business  propositions.  The  "London  Company,"  for 
example,  sent  over  English,  Polish,  and  German  workmen  to 
Jamestown  in  1608  to  make  pitch,  tar,  and  potash,  and  to  ex- 
ploit the  country  for  metals,  drugs,  dyes,  and  other  products. 
The  mistake  was  made,  however,  of  beginning  manufactures  too 
soon.  The  shareholders  of  the  trading  companies  hoped  for  an 
immediate  return  on  their  investments,  and,  when  the  first  set- 
tlers forsook  industry  for  agriculture,  were  naturally  disappointed. 
They  had,  however,  lost  sight  of  the  fact  that  the  basic  needs  of 
food,  shelter,  and  clothing  come  before  glass,-  potash,  and  iron. 
When  the  laborers  who  had  been  sent  over  tore  up  their  indentures 
and  forsook  the  furnace  for  the  field,  they  were  simply  obeying  a 
natural  law,  expressed  upon  the  seal  of  one  of  our  National 
Departments,  that  "agriculture  is  the  foundation  of  manu- 
facture and  commerce."  It  was  only  after  building  his  house 
and  planting  his  fields  that  the  early  settler  could  turn  his  atten- 
tion to  simple  industrial  pursuits. 

The  manufacture  by  the  colonist  of  simple  products  for  his 
personal  and  domestic  needs  marked  the  first  stage  in  the  de- 
velopment of  American  industrial  chemistry.  The  pioneer 
tanned  his  own  leather,  forged  his  own  iron,  made  his  own  potash 
and  soap,  curdled  his  own  cheese,  dyed  his  own  wool,  and  boiled 
his  own  sugar  and  salt.  The  processes  were  crude  but  they 
marked  the  inception  of  that  idea  of  industrial  independence 
which  afterwards  became  of  such  momentous  importance,  and 


which,  similar  to  that  other  idea  of  political  freedom,  wa.s  thi- 

natural  birthright  of  every  pioneer. 

As  the  country  became  more  thickly  settled,  there  was  the- 

natural  division  of  labor,  which  always  comes  with  social  advance- 
ment, and  this  resulted  in  the 
second,  or  cofiperative  stage  of 
American  indu.strial  chemistry. 
The  farmer  took  his  hides  to  the 
tanner  to  be  made  into  leather, 
his  homespun  to  the  fuller  for 
dyeing,  and  his  tallow  to  the 
soapljoiler  for  making  into  soap. 
He  exchanged  his  farm  products 
with  the  iron  maker  for  unfin- 
ished rods  which  he  wrought  at 
Iiome  into  nails  or  staples  ac- 
cording to  his  needs.  The  inti- 
mate cooperation  of  agriculture 
and  industry  had  an  important 
bearing  upon  the  shaping  of 
policies  in  this  country.  There 
was  a  solidarity  and  unanimity 
of  feeling  between  the  farmer 
and  manufacturer  which  unfor- 
tunately ceased  when  this  co- 
operative period  came  loan  end. 

Effect  of  Colonial  Troubles 

WITH  England  upon  Chemical 

Industry 

The  great  fundamental  diffi- 
culty between  Great  Britain 
and  the  American  colonies  was 
whether  the  latter  should  send 
their  raw  materials  to  England 
to  be  manufactured  into  the 
finished  products  which  they 
needed,  or  whether  the  colonies 
should  save  themselves  from  this 
exploitation  by  utilizing  their  own  natural  resources.  The  pas- 
sage, before  the  Revolution,  of  the  Stamp  Act  caused  the  feeling 
of  industrial  independence,  which  had  been  constantly  growing, 
to  assert  itself;  the  colonists  voted  in  retaliation  to  import  no 
more  refined  sugar,  leather,  starch,  linseed  oil,  glue,  glass,  metal- 
ware,  paper,  dyed  goods,  or  any  other  product  which  they  could 
manufacture  for  themselves.  The  principle  of  industrial  inde- 
pendence was  considered  to  be  worth  defending,  and  when  its 
recognition  was  won  at  Yorktown,  steps  were  taken  to  secure  the 
victory  by  necessary  Congressional  legislation.  Through  the  wis- 
dom of  Hamilton  our  first  protective  tariff  was  passed;  addi- 
tional stimulus  was  given  to  industry  by  the  estabUshment  of 
patents;  the  different  states  awarded  boimties  and  granted 
exemptions  to  start  glass  and  other  chemical  manufactures; 
prizes  were  awarded  by  the  numerous  societies  that  had  been 
formed  to  stimulate  domestic  production.  Industry  grew,  com- 
merce increased,  and  American  ships  began  to  appear  on  every 
ocean. 

If  the  right  of  Americans  to  do  their  own  manufacturing  was 
one  of  the  leading  motives  of  the  Revolution,  the  right  to  carry 
their  manufactured  products  to  other  nations  without  hindrance 
was  the  chief  motive  which  inspired  the  war  of  1812.  During  the 
Napoleonic  wars  between  1806  and  1812,  the  position  of  the 
United  States  greatly  resembled  that  in  the  recent  European 
war  between  1914  and  1917.  Our  manufacturers  were  first 
stimulated  to  supply  the  needs  of  foreign  contestants.  The 
start,  thus  acquired,  received  an  immediate  impetus  in  1806  by 
the  passage  of  an  embargo  upon  the  importation  of  British 
goods,  and  was  still  further  intensified  between  1812  and  1814 


John  Wintbrop,  Jr.,  in  Early  Lwh.     (From  an  Old  Portrait 
Reprodoced  in  T.  F.  Waters'  "Sketch  or  the  Life  op 
John  Wintbhop  the  Yodngbr") 
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when  the  United  States  became  involved  in  a  conflict  with  Great 
Britain  owing  to  interferences  with  American  commerce. 

After  the  downfall  of  Napoleon  and  the  declaration  of  peace 
between  the  United  States  and  Great  Britain,  the  latter  nation, 
with  its  thousands  of  discharged  soldiers  returning  to  the  fields 
of  industry,  set  out  to  recover  its  lost  markets.  Great  Britain, 
hy  the  early  adoption  of  the  steam  engine  and  other  labor-saving 


Fio.  5 — NiTRATK  Vats  in  Mammoth  Cave,  Ky.,  Used  in  1812.     (Photo- 
GKAPa  Supplied  nv  M.  I).  Wauk,  RussBi.i,vn.i,s,  Ky.) 


machinery,  had  at  least  a  twenty-year  start  over  other  nations 
in  the  contest  for  industrial  supremacy.  She  had  not  only  the 
skilled  labor  and  the  shipping,  but  she  could  turn  out  products 
in  such  quantities  and  at  such  low  prices  that  competition  was 
impossible.  Great  Britain  was  even  ready  to  export  products  at 
a  loss.  Lord  Brougham,  in  a  speech  before  Parliament  in  1816, 
declared,  "It  is  well  worth  while  to  incur  a  loss  upon  the  first 
exportation,  in  order  by  the  glut  to  stifle  in  the  cradle  those 
rising  manufactures  in  the  United  States,  which  the  war  has 
forced  into  existence  contrary  to  the  natural  course  of  things." 
British  products  were  shipped  to  New  York  for  immediate  sale 
at  auction,  and,  before  anti-dumping  laws  could  be  passed,  an 
almost  irretrievable  damage  had  been  inflicted  upon  American 
manufactures. 

The  influence  of  these  events  upon  our  chemical  industries  can 
be  illustrated  in  no  better  way  than  by  following  the  course  of 
chemical  patents.  The  number  of  patents  taken  out  in  a  given 
industry  is  an  accurate  index  of  the  prosperity  of  that  industry 
and  the  variation  in  the  annual  number  of  chemical  patents 
from  1790  to  1840,  shown  in  the  diagram  on  p.  1071,'  gives 
a  concise  and  reliable  picture  of  the  progress  of  chemical  industry 
during  this  important  fifty-year  period. 

In  the  diagram  the  continuous  line  represents  the  population 
of  the  United  States  as  expressed  in  millions  and  the  broken  line 
the  number  of  chemical  patents.  The  two  lines  are  fairly 
coincident  until  about  1802,  when  there  is  a  sudden  rise  in  the 
patent  cur\'e.  This  rise  is  due  to  the  temporary  repeal  in  1802  of 
the  duties  upon  stills  and  distiUcrj'  products,  and  the  increase  at 
this  point  is  for  improvements  in  distilling  and  rectifying.  In 
1806,  owing  to  interferences  with  American  commerce,  an  em- 
bargo was  placed  upon  the  importation  of  British  goods  and  a 
stimulus  was  imparted  to  American  chemical  manufactures  which 
reached  its  climax  during  the  war  of  1812  to  1814.     The  years 

•  In  cODttructinf:  tht  riiacram,  use  was  made  of  Class  4  of  the  "List  of 
Patents  issued  by  llic  United  States  from  1790  to  1847."  compiled  by  Ed- 
muod  Burke,  Commiisioncr  of  Patents,  Washington,  1847.  Class  4  (pp. 
09-llS)  comprises  nil  patents  relating  to  "Chemical  Processes,  Manufac- 
tures and  Compound!!." 


1815  to  1824  marked  the  period  of  dumping  cheap  foreign  goods 
upon  miprotected  American  markets;  and,  as  the  diagram 
shows,  the  incentive  to  take  out  chemical  patents  was  lacking. 
In  1824  the  first  effective  tariff  law  was  passed,  and  from  this  time 
dates  the  well-known  "American  System"  of  Henry  Clay,  the 
savior  of  American  industries.  The  benefits  of  the  "American 
System"  lasted  until  1836,  when  the  growing  opposition  of  the 
agricultural  states  of  the  South  to  tariff  laws  for  the  protection 
of  industry  resulted  in  the  passage  of  compromise  acts.  These 
had  a  bad  effect  upon  manufacturing  and  with  the  bank 
troubles  and  financial  panic  of  1837  plunged  American  chemical 
industries  into  a  second  long  period  of  depression. 

If  there  were  time,  it  would  be  interesting  to  trace  the  develop- 
ment of  the  chemical  industries  which  sprang  into  existence  in  the 
United  States  as  results  of  the  embargo  of  1806  and  of  the  war  of 
1812.  Their  development  is  reflected  in  the  character  of  the 
chemical  patents.  Previous  to  1806,  these  patents  related 
chiefly  to  the  old  colonial  industries  of  distilling,  salt  manufacture, 
potash  making,  and  the  utilization  of  sperm  oil  and  other  fats 
for  soap  and  candles.  But  after  1806,  when  the  importation  of 
foreign  goods  was  restricted,  the  inventive  genius  of  American 
chemists  began  to  be  diverted  into  more  modem  chaimels. 
Between  1806  and  1814  there  are  noted  for  the  first  time  inven- 
tions that  relate  to  subliming  sulfur,  dyeing  silks  and  calicoes, 
bleaching,  refining  camphor,  waterproofing  leather,  making  arti- 
ficial mineral  water,  and  manufacturing  sulfuric  acid,  copper 
acetate,  magnesia,  and  white  and  red  lead.  The  year  1806 
marks  the  awakening  of  industrial  chemistry  in  the  United 
States.  The  first  American  students,  Benjamin  Silliman  and 
others,  were  returning  from  their  chemical  studies  in  Europe  and 
contributed  their  share  to  the  new  movement.  American  pub- 
lishers began  also  about  this  period  to  print  practical  treatises 
upon  chemistry — works  of  native  writers  such  as  Dr.  Thomas 
Ewell,  and  reprints  of  European  authors  such  as  Frederick 
Accum — and  for  the  first  time  the  attention  of  the  public  was 
called  to  the  national  importance  of  chemical  industries. 


Pig.  6— Wooden  Water  Pipes  for  Transporting  Water  and  Nitrats 

Leacbincs  in  Mammoth  Cavb,  Ky.     (Photograph  Supplied 

BY  M.  B.  Wadb,  Russbllvillb,  Ky.) 


Early  Struggles  for  Protection 

It  is  a  singular  fact  that  the  battle  for  domestic  chemical  in- 
dustries, after  the  war  of  1812,  was  waged  largely,  as  it  is  being 
waged  since  the  recent  European  war,  upon  the  question  of 
dyestuffs,  and  it  is  also  singular  that  it  was  fought  one  hundred 
years  ago,  as  it  is  being  fought  now,  largely  upon  the  issue  of 
patriotism.  When  foreign  dyed  fabrics  threatened  the  ex- 
tinction of  the  domestic  industry  after  the  war  of  1812,  there 
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sprang  into  existence  a  host  of  patriotic  societies  whose  battle 
cry  was  that  American  dyed  clothing,  no  matter  how  poorly 
colored,  should  be  worn  as  a  badge  of  honor,  and  it  was  so  worn, 
although,  as  Daniel  Webster  and  many  others  testified,  the  blues 
on  a  rainy  day  washed  out  of  their  new  outer  garments  until  their 
shirts  and  skins  looked  as  though  they  had  l)een  dipped  in  an 
indigo  pot.  The  American  color  chemist  one  hundred  years 
ago  was  new  at  his  business,  but  he  persevered  and  won  out, 
just  as  his  modem  colleague  is  persevering  and  winning  out 
to-day. 

A  year  or  so  ago  an  incident'"  of  ahnost  international  im- 
portance was  produced  by  the  arrival  of  several  German  color 
chemists  to  initiate  certain  American  manufacturers  into  the 
secrets  of  their  trade.  Similar  happenings  took  place  after  the 
war  of  1812,  and  measures  were  taken  by  Great  Britain  at  that 
time,  as  by  Germany  to-day,  to  prevent  the  exodus  of  her  chem- 
ists and  the  transmission  of  trade  secrets  to  the  United  States. 


1790        1795 


Procrsss  of  American  Cbemicai.  Industries  as  Sbowh  by  Chemical 

Patents 
1802-1804:  Temporary  repeal  of  duty  on  stills.     Increase  in  distilling 

patents 
1806-1809:  Stimulus  of  chemical  industries  due  to  embargo 
1812-1814:  Increase  in  chemical  industries  during  war  of  1812 
1815-1824:  Dumping  foreign  goods.     Depression  in  chemical  industries 
1825-1836:  Increase  of  chemical  industries  under  "American  System" 
1837-1840:  Depression  in  chemical  industries  after  panic  of  1837 


The  opportunities  of  better  wages  and  living  conditions 
nuUified,  however,  the  power  of  such  enactments.  The  best 
European  technologists  began  to  flock  to  the  United  States  after 
the  war  of  1812,  and  the  knowledge  and  skill  which  were  thus 
acquired  played  no  small  part  in  the  upbuilding  of  American 
chemical  industry. 

It  is  impossible  to  give  a  complete  sketch  of  the  battles  which 
were  fought  for  the  protection  of  our  early  chemical  industries. 
It  is  unfortunate  that  the  lessons  of  these  battles  seem  never  to 
have  been  learned.  The  conflict  has  had  to  be  fought  over 
and  over  again  and  the  battle  must  always  be  repeated  until  the 
regtUation  of  the  tariff  is  taken  from  politicians  and  placed  in  the 
hands  of  a  permanent  commission. 

The  lessons  of  the  first  great  battle  to  preser\'e  our  chemical 
industries  were  summarized  for  all  future  time  in  a  report  of 
chemists  who  met  at  an  industrial  convention  in  New  York  in 
1831.  It  is  significant  that  this  first  general  meeting  of  American 
chemists  was  purely  industrial  in  character.  Although  their 
report"  refers  solely  to  the  war  of  1812  and  its  after-effects, 
their  words  are  equally  appUcable  to  the  war  of  1914  to  1918  and 
the  subsequent  period.     The  following  paragraphs  are  quoted: 

Intimately  coimected  with  science  and  the  healing  art,  and 
essential  to  other  manufactures,  chemistry  received  very  little 
or  no  attention  from  the  enterprise  and  skill  of  our  country,  until 
the  late  war.     That  event  suddenly  cut  off  the  usual  supplies 


from  foreign  countries.  The  con.scquent  advance  in  price  was 
excessive,  and  the  inconvenience  sustained  by  that  class  of 
manufactiirers  who  consumed  chemicals,  incalculable.  This 
state  of  things  gave  the  first  impulse  to  chemistry  in  our  country. 

The  return  of  peace,  however,  brought  foreign  competition 
which  soon  threatened  to  extinguish  the  infant  and  yet  inex- 
perienced establishments  which  hud  crept  into  existence  during 
the  war.  The  large  iniportations  which,  at  that  period,  inim- 
dated  the  country-,  caused  a  reduction  in  prices,  alike  ruinous  to 
the  importer  and  his  competitor,  the  American  manufacturer. 

This  depression,  however,  would  have  been  but  temi>orary, 
had  there  been  no  interference  on  the  part  of  the  government. 
The  foreigner  would  have  prevailed  in  the  contest — and  the 
market  becoming  his,  the  prices  would  have  been  in  accordance 
with  his  own  remorseless  interests. 

Happily  for  the  nation,  and  more  particularly  for  that  nu- 
merous laboring  class  who  are  dependent  on  chemical  manipu- 
lations— and  the  agriculturists,  who  find  in  this  class  a  customer 
instead  of  a  rival — happily  also  for  the  other  classes  of  manu- 
facturers who  owe  their  existence  to  chemistry,  the  tariff  act 
of  1824  placed  the  .seal  upon  the  policy  of  the  nation.  By  this 
act,  and  not  until  after  its  passage,  was  the  manufacture  of  chem- 
icals established  in  the  United  States. 

Until  it  became  the  policy  of  the  nation  to  encourage  a  do- 
mestic supply  of  chemicals,  prices  were  constantly  fluctuating — 
were  generaly  high  and  oftentimes  seized  upon  for  purposes  of 
speculation,  to  the  great  injury  of  consumers.  Domestic  com- 
petition has  caused  prices  to  settle  at  a  minimum  rate.  The 
manufacturer  is  now  so  near  the  consumer  that  his  wants  are 
anticipated  and  scarcity  is  unknown — because  the  raw  material, 
being  unlimited  in  quantity,  and  individual  enterprise  commen- 
surate with  it,  the  demand  is  seldom  allowed  to  overtake  the 
supply. 

The  large  consumption  caused  by  the  growing  wants  of  our 
country,  if  dependent  on  the  laboratories  of  Eiu^ope,  would  have 
either  enhanced  prices  or  have  justified  the  maintenance  of  former 
rates — for,  until  the  business  was  undertaken  in  this  country,  the 
foreign  manufacturers  seem  not  to  have  discovered  how  cheaply 
they  could  work. 

The  above  story  of  the  depression  which  prevailed  in  the 
United  States  when  the  chemical  industries  established  during 
the-  war  of  1812  were  nearly  extinguished,  and  the  revival  of 
these  industries  under  an  adequate  protective  tariff  should  be 
remembered  in  the  present  times  of  trouble.  The  chemists  who 
drafted  the  report  of  1831  spoke  from  the  vantage  ground  of 
bitter  experience.  Without  knowing  it  they  were  writing 
prophecy,  as  well  as  history,  and  .their  plea  for  the  independence 
of  our  American  chemical  industries  should  stand  as  a  lesson  for 
all  time.  The  plea  which  they  made  w-as  not  a  new  one.  In 
1806,  a  quarter  of  a  century  before  the  chemical  convention 
of  1831,  Dr.  Thomas  Ewell  of  Virginia  made  a  similar  plea,  and 
a  passage'-  from  his  stirring  appeal  is  quoted  in  conclusion: 

The  time  is  now  come  when  the  citizens  of  America  should 
act  entirely  for  themselves;  when  they  should  forever  cease 
to  depend  on  the  caprice  of  foreigners  for  the  iimumerable 
chemical  compounds.  This  fair  portion  of  the  civilized  world, 
to  have  its  beauties  enjoyed,  and  its  excellencies  duly  appreciated, 
must  in  all  its  parts  be  adorned  by  native  chemists. 


"  "Plain  Discourses  on  the  Laws  or  Properties  of  Matter,  Containing 
the  Elements  or  Principles  of  Modem  Chemistry,"  by  Thomas  Ewell.  M.D., 
of  Virginia  (New  York,  1806),  p.  30. 


"  See  Ntw  York  Times,  January  6 
"  This  Jochnai,,  9  (1917),  177. 


nd  16,  February  21  and  22,  1921. 


Civil  Service  Examination 

Assistant  in  Home  Economics  (food  investigation),  to  be  held 
on  November  8,  1922,  to  fill  a  vacancy  in  the  States  Relations 
Service  at  Washington,  D.  C,  at  S1800  to  52220  a  year.  The 
dudes  of  the  appointee  will  be  to  conduct  investigations  in  regard 
to  any  phase  of  household  preparation  and  preservation  of  food 
materials  which  may  be  required  to  be  studied.  Competitors 
will  be  rated  on  (1)  practical  questions  based  upon  the  subject 
matter  of  bacteriology,  chemistr>-,  and  physics  as  applied  to  the 
problem  of  home  economics,  and  upon  the  subject  matter  and 
methods  of  experimental  cookerj-,  (2)  thesis,  and  (3)  education, 
training,  and  experience. 
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German -United  States  Competition  in  World  Markets' 

By  G.  B.  Roorbach' 

Harvard  University,  School  op  Business  Administration,  Cambridob.  Mass. 


FEAR  has  been  expressed  repeatedly  since  the  armistice 
that  United  States  manufacturers  could  not  meet 
German  competition  in  selling  manufactured  goods  in 
world  markets;  not  only  that,  but  that  the  United  States  it- 
self would  be  flooded  with  German  wares  to  the  detriment  of 
American  production.  The  fact  that  such  a  "flood"  of  imports 
mto  the  I'nited  States  has  not  materialized  and  that  the  export 
trade  of  the  United  States  during  the  past  three  years  has  more 
than  held  its  own  in  comparison  with  other  nations,  has  ap- 
parently not  removed  the  belief  that  German  competition  in 
manufactures  is  a  black  cloud  overshadowing  our  commercial 
revival.  That  there  is  no  competition  with  Germany  to  be 
met  and  respected,  no  one  acquainted  with  the  facts  will  deny; 
but  that  tlie  force  of  this  competition  has  been  greatly  over- 
emphasized and  that  much  of  the  fear  is  groundless,  is  also  clear. 
Much  of  the  fear  in  regard  to  meeting  German  competition 
has  been  based  on  the  following  arguments: 

(1)  There  had  been  an  accumulation  of  goods  in  Germany 
during  the  war,  ready  for  dumping  in  foreign  markets. 

(2)  German  industrial  recovery,  it  was  stated,  was  bound 
to  be  rapid,  and  German  factories  would  turn  out  goods  at  a 
rapid  rate  and  at  less  cost  than  most  of  her  rivals. 

(3)  Germany's  ability  to  undersell  in  foreign  markets  would 
■  be  greatly  facilitated  by  the  depreciated  exchange  value  of  the 

mark,  currency   inflation  within  Germany,   and   the  generally 
abnormal  conditions  of  trade  and  exchange. 

Let  us  examine  the  force  of  these  reasons  in  the  light  of  the 
experience  of  the  past  two  years  and  the  present  situation  ex- 
isting in  Germany. 

(1)  That  Germany  did  not  have  large  accumulations  of  ex- 
portable goo<ls  waiting  to  be  dumped  into  foreign  markets 
on  the  first  favorable  opportunity  has  been  demonstrated  by 
the  events  of  the  i)ast  three  years.  German  export  figures 
give  no  indication  that  there  were  large  stocks  waiting  shipment. 
The  nearest  approach  to  this  condition  was  possibly  in  the 
case  of  toys.  It  is  probable,  also,  that  the  embargoes  against 
German  dyes  and  chemicals  in  Italy,  the  United  Kingdom,  and 
the  I'nited  States  prevented  much  larger  exports  of  these  articles, 
but,  taking  trade  as  a  whole,  Germany  has  been  foimd  to  have 
a  deficiency,  not  a  surplus,  of  exportable  goods.  German 
agents  booked  many  orders  in  foreign  countries,  but  German 
factories  have  been  unable  to  fill  them.  If  we  compare  the 
export  trade  of  Gcnnany  for  1021  with  pre-war  years,  we  find 
that  where  German  exports  in  1912  were  valued  at  8,950,000,000 
gold  marks,  and  in  1913  at  10,096,500,000  gold  marks,  for  the 
last  eight  months  of  1921  tliey  were  valued  at  4,591,000,000 
gold  marks  (statistics  for  the  whole  year  not  available).  In 
volume  the  corresponding  figures  were: 


1912 
1913 
1921—8  months 


67,331,900  tons 
75,432,000  tons 
13,721,160  tons 


During  the  first  half  of  1922  there  was  a  tendency  to  an  in- 
crease in  export"!,  but  the  June  and  July  cxiwrts  in  tons  have 
again  declined  to  the  1921  average.  Monthly  trade  statistics 
are  given  in  the  following  table: 


'  Received  AurusI  9,  1922. 
I  ProrcMor  o(  Fore 
inUtration. 


dc,  Har\'ard  University.  School  of  Htisinc 


Foreign  Trade  of  Germany,  Monthly  Averages' 

Year  and  Merchandise 

Month  ' Imports ■  . Exports s 

Monthly  In  Millions  In  Thousands  In  Millions  In  Thousands 

Average:  of  Marks  of  Metric  Tons  of  Marks  of  Metric  Tons 

1913  890  6.073  841  6,141 

1920  .  .  .  1.570  .5,776  1,651 

1921  9.910  2,194  8,295  1.715 
1921: 

July  7, .572  1,925  6,173  1,558 

August  9.382  2,111  6,670  1,828 

September  10.642  2,533  7,492  1.871 

October  13,814  3,005  9,681  1,973 

November  12,273  2,535  11,886  1,908 

December  13,702  2,086  14,468  1,930 

January  12.641  2,309  14,394  2.027 

February  12,001  1,475  14,482  1,747 

March  22,919  2,645  21,285  2,153 

April  28.266  2,889  22,948  2,760 

May  32,417  3,810  27,080  2,093 

June  34,364  4,030  30,232  1,880 

July  45.738  4,798  36,707  1,636 
<  Federal  Reserve  Bulletin,  September  1922,  p.  1102. 

The  following  table  gives  a  comparison  for  certain  commodities, 
mostly  manufactured,  for  1912  and  the  second  half  of  1921. 
Exports  were  probably  greater  the  second  half  of  the  year  than 
during  the  first  half. 

Principal  Articles  Exported  from  Germany  in   1912  .\ni>  thk  Last 
Six  Months  of  1921'- 

July- 
December 
Articles  1912  1921 

/ Metric  gnivlals 

Aniline  and  other  coal-tar  dyes 596,960  117,196 

Automobiles,  passenger 92,  250  86,  013 

China  ware,  including  insulators 493,980  131,858 

Coal,  bituminous 311,4.50,  570     35,026,  511 

Copper  and  alloys,  and  manufactures 882,340  192,816 

Cotton  fabrics 1,  256,  310  201,  872 

Clothing,  millinery,  and  other  sewn  articles 98,700  48,108 

Electrical  apparatus: 

Dynamos,  motors,  and  transformers 352,  630  79,  127 

Electrical  appliances  for  illumination,  trans- 
mission of  power,  and  electrolysis 158,  980  79,  319 

Glass,  hollow 1,568,870  333,116 

Iron  and  steel,  and  manufacture 32,  617. 440     13,  398,  033 

Rails  for  railways,  sleepers,  fishplates,  and  bed- 
plates   8,262,860       1,824,816 

Leather,  and  manufactures 99,  860  42,  760 

Leather,  upper,  for  boots,  shoes,  and  slippers.  .  96,890  18,686 

Machinery  of  all  kinds,  except  electrical 5,062,900       1,896,840 

Paper  and  cardboard,  and  manufactures 4,391,010       1,867,022 

Potash  salts  and  abraum  salts 13,  004,  .570       2,602,200 

Toys  and  Christmas-tree  decorations 524,  680  374,  668 

Woolen  fabrics 718,410  147,882 

*  Trade  Information  Bulletin  40,  Bureau  of  Foreign  and  Domestic 
Commerce. 

It  is  true  that  when  trade  with  Germany  was  resumed  there 
were  times  when  quantities  of  German  goods  were  suddenly 
dumped  in  certain  markets,  and  temporary  consternation  re- 
sulted in  the  industries  affected.  But  those  sales  were  like 
bankruptcy  auction  sales,  temporarily  disturbing  to  the  local 
market  and  causing  embarrassment  to  local  merchants.  Un- 
employment in  industrial  countries  to-day  cannot,  except 
possibly  in  rare  instances,  be  traced  to  German  competition. 
In  a  country  like  England,  for  example,  unemployment,  as  far 
as  it  is  afTected  by  Germany,  is  due  to  the  lack  of  commercial 
prosperity  in  Germany,  rather  than  the  reverse.  English  mills 
might  be  more  fully  employed  if  the  German  market  for  English 
goods  could  be  brought  back  to  its  pre-war  status,  but  Germany 
is  a  poor  purchaser  under  the  present  abnormal  economic  and 
financial  conditions  that  there  exist. 

(2)  The  ability  of  German  factories  to  manufacture  on  a  large 
scale  for  export,  and  at  prices  so  low  that  they  could  not  be  met 
by  foreign  competitors,  has  been  greatly  overestimated.  Much 
of  Germany's  post-war  industrial  activity  was  in  answer  to  her 
domestic  needs.  As  in  other  countries,  the  war  left  German 
industrial    and    transportation    equipment   greatly   run   down. 
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Much  of  the  country's  production  has  been  needed  for  replace- 
ment, repair,  and  equipment,  and  consequently  a  smaller  propor- 
tion of  industrial  production  has  been  available  for  export. 

The  restriction  of  exports  has  been  aided  also  by  the  tax  sys- 
tem, causing  manufacturers  to  invest  heavily  in  equipment  in 
order  to  avoid  excess  profit  and  other  taxes.  New  taxes  and 
the  proposed  enforced  loans  are  bound  to  fall  with  increasing 
severity  on  German  industry,  giving  an  increasing  burden  that 
must  inevitably  add  to  manufacturing  costs. 

Furthermore,  tlie  constantly  depreciating  currency  in  Ger- 
many has  encouraged  domestic  buying  on  an  unprecedented 
scale.  With  the  internal  value  of  the  mark  declining,  the 
German  people  have  transferred  their  accumulated  marks  at 
once  into  tangible  objects.  There  has  been  an  enormous  specu- 
lative buying  at  home,  giving  temporary  support  to  industrial 
development  that  must  stop  whenever  the  mark  ceases  to  decline 
in  value. 

Pre-war  relations  between  production  and  exports,  says 
Commercial  Attach^  Herring  of  Berlin  in  his  reports  to  the 
Department  of  Commerce,  are  not  being  maintained.  German 
industry  as  a  whole  is  producing  perhaps  (50  per  cent  of  its  pre- 
war output,  but  a  much  less  percentage  of  that  production  is 
entering  export  trade  as  compared  to  pre-war  years. 

Industrial  production  in  Germany  is  handicapped  by  increasing 
difficulties  in  obtaining  raw  materials  and  fuel.  Her  colonies 
are  gone  and  her  home  territory  has  been  deprived  of  rich  raw- 
material-producing  sections.  The  curtailment  of  coal-pro- 
ducing areas,  the  necessity  of  delivering  coal  as  part  of  repara- 
tions payments,  strikes,  and  general  unrest  are  resulting  in  coal 
shortages  that  are  seriously  interfering  with  iron  and  steel 
production  and  industry  in  general.  Pig  iron  shortage  is  repeat- 
edly reported.  Importation  of  coal  from  Great  Britain,  at  high 
prices,  has  been  increasing  in  recent  months  and  now  exceeds 
pre-war  imports.  The  most  important  raw  materials  imported^ 
and  Germany  is  dependent  on  many  such — are  very  high  in 
price  because  of  exchange  and  credit  conditions,  and  in  some 
cases  not  obtainable  at  any  price. 

Nearly  all  other  costs  of  production  are  rapidly  increasing. 
Freight  rates  have  been  again  and  again  advanced,  and  in  June 
were  reported  60  to  70  times  higher  than  pre-war.  Wage  in- 
creases are  constant,  wage  agreements  not  being  made  for  a 
period  longer  than  one  month.  In  spite  of  wage  increases,  prices 
have  so  much  more  rapidly  increased  in  Germany,  that  the 
German  workman  is  actually  underpaid  and  his  efficiency  is 
much  less  than  formerly.  The  productivity  of  German  labor, 
according  to  Commercial  Attache  Herring,  is  less  by  20  to  25 
per  cent  than  before  the  war,  on  account  of  the  lowering  of  the 
standard  of  living.  This  is  without  reference  to  the  eight-hour 
day  now  prevailing.  It  is  evident  that  whatever  advantages 
Germany  had  for  cheap  production  for  export  immediately 
after  the  war  were  temporary.  With  each  succeeding  month 
these  advantages  have  become  fewer  and  less  eflfective. 

(3)  Much  emphasis  has  been  laid  upon  the  advantages  ac- 
cruing to  Germany  in  selling  abroad  because  of  the  depredated 
exchange  value  of  the  mark.  As  long  as  the  external  value  of 
the  mark  was  rapidly  falling  and  the  internal  value  only  slowly 
declining,  whatever  products  Germany  had  available  for  export, 
it  is  true,  had  a  decided  advantage  over  countries  with  stable 
currencies.  But  at  best  such  a  condition  can  be  only  tempo- 
rary, although  while  it  lasts  opportunity  for  dumping  is  large. 
It  is  an  indication  of  economic  weakness,  however,  and  points 
its  own  destruction. 

To  save  herself  from  exchange  losses  Germany  early  at- 
tempted to  equalize  export  prices  and  world  prices  by  adding  an 
export  tax  sufficient  to  make  the  actual  exchange  price  some- 
where near  the  world  price  level.  Trade  that  depends  on  a  con- 
tinuous depreciation  of  the  exchange  value  of  currency  is  on  an 
exceedingly  insecure  foundation. 


Currency  inflation,  such  as  has  taken  place  in  Germany,  in 
connection  with  a  greatly  depreciated  foreign  exchange  at  first 
gave  German  products  large  price  advantages  in  foreign  markets. 
Domestic  prices,  transportation  costs,  and  wages  have,  iKiwever, 
rapidly  adjusted  themselves  in  Germany  until  at  present  the 
disparity  between  German  wages  and  prices  and  world  wages 
and  prices  is  slight.  Further  currency  depreciation  can  be  less 
effective  in  the  future  in  producing  a  wide  spread  tx-tween  world 
prices  and  German  domestic  prices.  When  further  depreciation 
stops,  inflation  can  of  course  lie  of  no  benefit  to  trade.  In  fact, 
to  stabilize  the  value  of  the  mark,  not  to  mention  improvement 
in  its  value,  will  he  likely  to  result  in  widespread  industrial 
depression  in  Germany.  In  the  long  run,  currency  inflation 
and  depreciating  exchange  weakens  a  country's  ability  to  com- 
pete in  world  markets.  It  is,  of  course,  itself  a  sign  of  economic 
and  commercial  deterioration. 

An  indication  of  the  rise  in  prices  in  Germany  is  given  in  the 
Frankfurter  Z.eilung  Wholesale  Price  Index.  As  shown  in  the 
table  below,  prices  on  July  I,  1922,  were  more  than  double 
prices  on  the  preceding  January;  and  January  1022  prices  were 
over  42  times  those  of  1914. 

WiioLESALU  Prjck  Indi^x:  Gkrmahv 
Frankfurter  Zeitung 

July  1,  1914            100                              Nov.  1.  1922  5427 

Jan.  1,  1920         1997                              April  1,  1922  6722 

Jan.  1,  1921         2127                              May  I,  1922  7379 

Jan.  1,  1922         4238                              June  1,  1922  7841 

Feb.  1,1922         4612                              luly   1,  1922  9141 

.\ug.  1,  1922  15.050 

As  a  result  of  the  instability  of  prices  and  wages  caused  by 
fluctuating  exchanges  and  currency  depreciation,  trade,  both 
foreign  and  domestic,  becomes  largely  a  speculation.  Orders 
taken  cannot  be  filled  at  agreed-on  prices  and  contracts  are  can- 
celled. As  German  prices  have  approached  world  prices,  new 
orders  ha\e  declined.  German  industry  is  less  and  less  able 
effectively  to  compete  in  foreign  markets  with  nations  whose 
financial,  economic,  and  poUtical  conditions  are  on  a  surer, 
sounder  foundation.  For  a  time  there  was  apparent  industrial 
revival  in  Germany,  and  Germany's  export  trade  for  several 
months  rapidly  increased,  as  was  to  be  expected  with  the  coming 
of  peace.  But  her  trade  has  not  reached  anywhere  near  pre- 
war proportions,  and  conditions  for  production  are  such  in  Ger- 
many that  it  is  difficult  to  see  how  Germany  can  very  soon  be 
a  menacing  factor  in  world  trade. 

If  American  exporters  were  able  to  meet  German  competition 
in  pre-war  trade — as  they  were  in  most  lines — there  would  seem 
to  be  small  grounds  for  fear  at  the  present  time.  Germany  has 
emerged  from  the  war  and  its  aftermath  a  defeated  nation, 
shorn  of  all  her  colonies  and  much  of  her  productive  territory 
at  home,  saddled  with  colossal  reparation  debts,  deprived  of 
her  merchant  marine,  struggUng  with  internal  economic,  social, 
and  political  problems  of  the  gravest  character.  That  the 
United  States  with  its  vast  resources,  its  strengthened  industries, 
its  impregnable  financial  stabiUty,  its  superb  industrial  organiza- 
tion both  for  producing  and  for  selling,  should  look  forward 
with  greater  apprehension  as  to  her  ability  to  compete  with  Ger- 
many in  world  markets  than  she  did  before  the  war  is  incompre- 
hensible. 

The  writer  of  this  article  has  not  at  hand  detailed  information 
as  tcT  the  present  competitive  power  of  Germany  in  the  manu- 
facture and  sale  of  chemicals  as  compared  with  her  power  in 
pre-war  years.  The  chemical  industrj-  has  long  been  one  in 
which  Germany  has  had  recognized  advantages.  The  manu- 
facture of  dyes  and  coal-tar  chemicals,  particularly,  had  been 
brought  to  a  high  state  of  development,  and  Germany  had,  as 
is  commonly  known,  almost  a  monopoly  of  world  trade  in  many 
chemical  products.  There  had  thus  developed  in  Germany  a 
highly  trained,  expert  force,  an  industrial  organization  and  equip- 
ment of  great  magnitude,  and  a  foreign  market  that  reached 
every  part  of  the  world.     That  in  this  industry  German  compe- 
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tition  with  the  outside  world  should  have  continued  to  be  very 
effective  after  peace  was  established,  is  not  to  be  wondered  at. 
Possibly  German  chemical  plants  can  to-day  obtain  trained 
technical  men  in  large  numbers  at  far  lower  wages  than  Amer- 
ican firms  can  do;  but  this  condition  existed  before  the  war, 
and  the  comparative  advantage  of  Germany  is  no  greater 
now.  Probably,  all  things  considered,  it  is  less.  It  is  undoubt- 
edly necessary,  if  an  American  chemical  industry  is  to  develop, 


to  give  it  protection  from  German  competition;  but,  if  the  facts 
in  regard  to  German  competition .  in  general  as  outlined  in  this 
article  are  true,  we  can  more  readily  meet  that  competition 
to-day  both  at  home  and  abroad,  than  we  could  in  pre-war  years. 
This  is  not  to  say  that  Germany  is  not  able,  in  certain  industries, 
to  give  effective,  perhaps  destructive,  competition;  but,  with 
internal  conditions  as  they  are,  that  competition  is  less  effective 
now  than  before  the  war. 


German  Competition' 

As  Affected  by  the  Depreciation  of  the  Mark 

By  E.  A.  Goldenweiser^ 
Fbdbral  Rf.servb  Board,  Washington,  D.  C. 


GERMAN  exchange  during  the  month  of  September 
fell  to  5  cents  a  hundred  marks,  compared  with  its  pre- 
war value  of  23.8  cents  a  mark.  This  extreme  depreci- 
ation caused  the  Germans  to  turn  to  foreign  currencies — mainly 
to  the  dollar— as  a  standard  of  value,  particularly  in  drawing 
up  long-term  contracts,  such  as  insurance  policies,  long-term 
loans,  and  the  like.  Even  a  court  of  justice  recently  rendered 
a  decision  declariug  that,  in  view  of  the  cataclysmic  dislocation 
of  German  economic  life,  certain  contracts  drawn  in  pre-war 
marks  cannot  be  satisfied  by  payment  in  paper  marks,  1922 
model.  This  decision  gives  official  recognition  to  the  fact  that 
the  mark  is  no  longer  a  respectable  member  of  the  community 
of  national  currencies.  The  mark  is  thus  declared  an  outlaw 
and  fair  game  for  sharp-shooting  speculators. 

Ever  since  the  rapid  decline  of  the  mark  set  in  soon  after  the 
armistice,  there  has  been  a  widespread  alarm  among  Germany's 
competitors  at  the  danger  of  Germany  underselling  them  in 
the  world  markets.  This  apprehension  arose  from  the  fact 
that  the  mark  was  much  cheaper  in  the  international  market 
than  in  the  domestic  market,  which  means  in  simple  terms 
that  a  dollar  would  buy  more  goods  in  Germany  than  in  the 
United  States,  because  the  dollar  could  be  exchanged  for  a  sum 
in  marks  sufficient  to  buy  a  larger  amount  of  goods  in  Germany 
than  the  dollar  would  buy  at  home.  In  other  words,  prices  in 
Germany  have  not  advanced  as  fast  as  the  mark's  exchange 
value  has  declined. 

The  depreciation  of  German  exchange  has  kept  many  per- 
sons interested  in  international  trade  awake  at  night,  and  has 
resulted  in  widespread  agitation  for  embargoes,  high  protective 
tariffs,  American  valuation,  and  similar  efforts  to  deprive  Ger- 
many and  other  countries  with  depreciated  currencies  of  their 
alleged  competitive  advantage.  This  fear  of  commercial  in- 
vasion has  by  this  time  largely  subsided  as  a  result  of  straight 
thinking  and  the  nonappearance  of  the  invader.  With  the  minds 
of  the  people  thus  cleared  of  the  economic  fallacies  involved 
in  the  panic  fear  of  German  commercial  invasion,  it  may  be 
worth  while  to  point  out  some  phases  of  the  situation  which 
make  it  advisable  to  combine  %vith  a  full  realization  of  the  ground- 
lessness of  the  panic  a  cautious  attitude  toward  such  compe- 
tition as  Germany  may  be  able  to  offer. 

While  there  is  little  danger  of  Germany  conquering  world 
markets  umlcr  existing  conditions,  there  may  be  the  possibility 
of  considi Table  competitive  ad\'antage  for  German  manufactured 
products,  at  least  temporarily,  in  certain  lines  of  industry.  The 
degree  of  this  advantage  may  be  estimated  along  the  following 
lines: 

'  Received  Octob<r  4,  1922. 

•  Associate  Stalivliciuo,  Federal  Reserve  Board,  Washington,  D.  C. 


(1)  It  is  clear  that  industries  depending  on  foreign  raw  ma- 
terials will  not  benefit  greatly  by  the  depreciation  of  the  mark, 
for  they  will  lose  in  the  purchase  of  the  raw  material  whatever 
advantage  they  may  have  in  the  sale  of  the  finished  product. 
This  eliminates  a  large  part  of  Germany's  export  industry, 
which  has  always  depended  to  a  great  extent  on  imported  raw 
materials. 

(2)  The  larger  the  labor  cost  in  proportion  to  the  total  value 
of  a  product  the  greater  will  be  Germany's  temporary  advantage 
arising  from  the  depreciation  of  the  mark.  The  reason  for  this 
may  be  briefly  stated  as  follows:  The  wholesale  price  index  in 
Germany  on  September  1  was  about  29,000  on  the  basis  of  pre-war 
prices  as  100,  compared  with  an  index  of  the  value  of  the  dollar 
expressed  in  marks  of  about  .30,000  on  the  basis  of  the  par  rate 
of  4.2  marks  to  the  dollar  as  100,  showing  that  so  far  as  the 
wholesale  market  is  concerned  the  price  level  in  Germany  has 
very  nearly  adjusted  itself  to  the  depreciation  of  the  mark  in  the 
exchange  market.  A  doUar  would  not  buy  much  more  in  Ger- 
many at  wholesale  than  at  home;  but  this  is  not  true  to  the  same 
extent  of  the  purchasing  power  of  the  mark  in  buying  the  neces- 
saries of  life  for  a  family.  The  cost  of  living  index  in  Germany 
in  July,  the  latest  available  date,  was  about  5000,  while  the 
corresponding  index  of  the  cost  of  living  in  America  converted 
to  marks  was  about  8000,  indicating  that  it  cost  more  than 
one  and  a  half  times  as  much  to  support  an  American  family 
as  a  German  family,  even  though  the  index  numbers  presumably 
allow  for  the  difference  in  standards  of  living.  This  means  that 
the  ultimate  cost  of  labor  entering  into  a  manufactured  product 
in  Germany  is  much  less  than  in  America,  and  even  allowing  for 
the  loss  of  efficiency  through  lower  standards  of  living,  it  still 
remains  unquestionably  true  that  in  certain  industries,  whose 
raw  materials  are  of  domestic  origin  and  whose  products  derive 
most  of  their  value  from  the  labor  expended  upon  them,  Germany 
will  have  a  competitive  advantage  over  America  as  long  as  the 
mark  has  not  been  stabilized  and  the  domestic  price  level  has 
not  adjusted  itself  to  the  depreciation  of  the  mark. 

(3)  A  factor  in  the  situation  is  also  the  extent  to  which  Ger- 
man manufacturers  have  an  advantage  in  established  trade  con- 
nections, reputation,  and  previous  control  of  markets.  In 
such  enterprises  as  the  chemical  industry,  more  particularly 
the  production  of  dyes  and  the  manufacture  of  toys,  the  Ger- 
mans have  the  advantage  of  a  world-wide. reputation,  together 
with  established  trade  machinery  which  will  help  them  make  the 
most  of  whatever  temporary  advantage  the  exchange  situation 
may  afford. 

(4)  The  German  government's  policy  of  subsidizing  the  pub- 
lic by  keeping  down  rents  and  the  price  of  food  cannot  benefit 
the  country  in  the  long  run.     This  policy,  however,  may  effect 
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a  temporary  reduction  of  labor  costs  and  for  the  time  being 
afford  a  certain  advantage  to  such  industries  as  are  in  a  position 
to  manufacture  and  export  their  products. 

The  fact  that,  generally  speaking,  Germany  is  not  benefited 
by  the  present  exchange  situation  is  clearly  indicated  by  the 
very  continuance  of  this  situation — paradoxical  as  this  may 
seem.  If  Germany  had  a  real  competitive  advantage  as  a  result 
of  her  fallen  exchange,  she  would  have  exported  an  enormous 
amount  of  merchandise,  thereby  creating  a  large  demand  for 
mark  exchange  and  raising  the  rate  on  the  :nark  in  order  to 
largely  wipe  out  the  previously  existing  advantage.  Water 
tends  to  find  its  own  level.  But  Germany  was  not  able  to  ex- 
port on  a  large  scale,  o\ving  to  lack  of  materials,  lack  of  capital, 
and  lack  of  confidence  in  domestic  conditions;  owing  also  to 
the  efforts  of  many  Germans  to  remove  their  liquid  capital  from 
the  home  country,  to  the  prohibition  of  nationally  unprofitable 
exports,  to  export  taxes,  to  foreign  embargoes,  and  to  other 
factors  all  of  which  prevented  the  currency  and  price  levels  in 
Germany  and  abroad  to  become  adjusted  and  equalized.  It 
is  true,  therefore,  that  the  continuance  of  Germany's  apparent 
advantage  in  international  trade  is  evidence  that  she  has  no 
real  advantage. 

Nevertheless,  this  does  not  mean  that  persons  engaged  in 


any  industry  that  competes  with  Germany  should  \>e  lulled  into 
indifference  and  carelessness  by  the  knowledge  of  Germany's 
predicament.  Just  as  some  Germans  have  made  huge  fortunes 
out  of  Germany's  collapse,  some  German  exporters  may  flourish 
on  the  ruins  of  Germany's  economic  structure.  When  in  a 
railroad  accident  the  number  of  casualties  is  small,  this  affords 
but  little  consolation  to  those  who  are  crippled  by  the  accident, 
or  to  the  families  of  those  who  have  lost  their  livts.  Similarly, 
in  the  case  of  the  catastrophe  that  befell  Germany.  The  fact 
that  relatively  few  foreign  industries  will  be  in  danger  from 
the  crash  should  not  prevent  each  person  engaged  in  interna- 
tional trade  from  carefuUy  scanning  all  the  facts  affecting  his 
particular  industry  with  a  view  to  determining  whether  the 
combination  of  circumstances  is  not  such  as  to  endanger  his 
markets,  at  least  temporarily.  In  the  long  run  there  is  no 
danger,  but  few  businesses  can  be  conducted  with  a  view  to  the 
long  run  since  business  casualties  are  generally  the  result  of 
short-run  developments.  An  American  exporter,  after  losing 
his  all  as  the  result  of  a  temporary  condition,  while  he  had  his 
eyes  glued  to  long  range  possibilities,  will  find  little  comfort  in 
the  ultimate  triumph  of  his  American  competitors  who  had 
watched  to-day,  to-morrow,  and  next  week,  as  well  as  next 
month,  next  quarter,  and  next  year. 


Manuscript   Bibliographies  in   Chemistry    and 
Chemical  Technology 

Compiled  by  Clarence  J.  West  and  Callie  Hull 

RSSBARCH   INPORMATION  SBRVICE,  NaTIONAI,  RESHARCH  COUNCIL,  WASHINGTON,  D.  C. 


There  exist  many  unpublished,  or  manuscript,  bibliographies 
for  scientific  subjects  which,  if  known  and  made  available  to 
investigators,  would  be  effectively  utilized.  In  view  of  tliis  fact 
the  Research  Information  Service,  in  cooperation  with  the 
Divisions  of  Science  and  Technology  of  the  National  Research 
Coimcil,  has  undertaken  to  compile  lists  of  manuscript  bibli- 
ographies in  the  mathematical,  physical,  and  biological  sciences. 
A  list  for  geology  and  geography  has  already  been  published 
as  No.  27  in  the  Council's  Reprint  and  Circular  Series.' 

The  list  presented  for  chemistry  and  chemical  technology, 
although  incomplete,  should  prove  useful.  It  is  hoped  that  it 
may  also  encourage  those  who  possess  unpublished  bibliographies, 
as  well  as  those  who  are  in  need  of  bibUographic  lists,  to  cooperate 
with  the  Research  Information  Service  by  reporting  their  bibli- 
ographies and  by  inquiring  as  to  the  existence  and  availability 
of  lists  before  undertaking  independent  compilation. 

The  fact  that  the  information  concerning  each  bibliography 
included  in  this  Ust — period  covered,  method  of  entry  and  ap- 
proximate completeness — is  taken  directly  from  the  reports 
supplied  to  the  Research  Information  Service,  accounts  for  the 
incompleteness  of  the  data  in  certain  cases  and  for  the  evaluation 
of  materials. 

The  Research  Information  Service  is  prepared  to  serve  as  a 
clearing  house  in  connection  with  scientific  and  technological 
bibUographies.  Those  who  prefer,  however,  may  correspond 
directly  with  the  compiler  of  any  given  bibliography  and,  unless 
otherwise  indicated,  may  assume  that  the  compilers  listed  have 
indicated  willingness  to  have  their  material  consulted  or  dupli- 
cated. Ordinarily  a  copy  of  any  bibliography  may  be  obtained 
for  the  actual  cost  of  duplication. 

'  Dr.   H.    P.  Little  has  kindly  consented  to  the  incorporation  into  the 
present  list  of  material  of  chemical  value  contained  in  his  list. 


The  Research  Information  Service  will  welcome  corrections 
or  additions  to  this  list  and  suggestions  concerning  the  further 
development  of  a  bibliographic  exchange. 
Acenaphthene; 

The  Barrett  Co.,  40  Rector  St.,  New  York,  N.  Y.     174  entries,  by  author 
and    subject.     lS64-date.     Abstracts    included. 
Acrolein: 

Preparation  and  properties.     L.  H.  Flett  and  J.  L.  Parsons,  Rye,  N.  H. 
100    entries.      1840-1917.     French,    German,    and    English    literature 
thoroughly  covered. 
Adsorption: 

Variation  of  adsorption  from  solutions  with  hydrogen-ion  concentration. 
Neal  E.  Gordon,  University  of  Maryland,  College  Park,  Md.     Entries 
by  author,  title,  and  subject.      1909-1921.     Abstracts  included  in  some 
cases.     One-half  complete. 
See  also  Gas  (Baker). 
Agricultural  Chemistry: 

Homer  J.  Wheeler,  111  Grant   Ave.,  Newton   Centre,  Mass.     lS92-date. 
Abstracts  included. 
Air  Pollution: 

Charles    Baskerville.     Incomplete.*     For    consultation,    write    Library, 
College  of  the  City  of  New  York,  New  York,  N.  Y. 
Alcohol: 

C.  C.  Stewart,  Hanover,  N.  H.     400  or  500  entries,  by  author  and  title. 

Fairly  complete  up  to  1897.     Abstracts  included  in  some  cases. 
Alcohol,   particularly  its   manufacture  and   utilization  as  a  motor  fuel. 
E.  H.  Leslie,  University  of  Michigan.  Ann  .\rbor,  Mich.     Fairly  com- 
plete. 
Alloys: 

Alloy  steels  and  ferro-alloys.     Clarence   Estcs.     4567  entries,  classi6ed 
by  elements.     For  consultation,  write  Dr.  F.  B.  Dains,  University  of 
Kansas,  Lawrence,  Kan. 
Aluminium: 

Aluminium  and  aluminium  alloys.  Robert  J.  Anderson,  Bureau  of 
Mines,  Pittsburgh,  Pa.  1000  entries,  by  author,  title,  and  subject. 
lSOO-1922.  95  per  cent  complete.  In  press  as  a  Bureau  of  Mines 
publication. 


>  Biographies  by  Dr.  Baskerville  are  incomplete  owing  to  his  recent  death. 


1076 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  11 


Amalgams: 

M.  G.  Mellon.  Department  of  Chemistry,  Purdue  University,  Lafayette, 
Ind.     400  entries,   by  author.      1750-1920. 
Amino-o-phthalic  Acid: 

See  Phthalic  Acid  (Bogert). 
Ammonium  Nitrate: 

Physical  and  chemical  properties.  H.  W.  Baker,  Telling-Belle  Vernon 
Co.,  Research  Laboratory,  Cleveland,  Ohio.  75  entries,  classified 
according  to  properties.  1837-1918.  Abstracts  included  with  tables. 
Complete  survey  of  English  and  German  abstract  journals,  with  original 
articles  consulted  as  far  as  possible.  Mimeograph  copies  obtainable 
from  Dr.  C.  E.  Munroe,  National  Research  Council,  Washington, 
D.  C. 
Ammonium  Sulfate: 

Ammonium  sulfate  as  a  fertilizer,  and  its  effectiveness  in  comparison  with 
other  nitrogenous  fertilirers.     M.  I.  Wolkoff,  Agricultural  Experiment 
Station,  Urbana,  111.     Fairly  complete  up  to  1919. 
Aneatbetics: 

Anesthetics,  ether,  chloroform,  etc.,  including  all  known  substances  used 

for  anesthesia.     Charles  Baskerville.     To  be  published  in  new  edition 

of  "Anesthesia"   by   Baskerville  and   Gwathmey.     For  consultation, 

write  to  Dr.  James  T.  Gwathmey,  40  East  41st  St.,  New  York,  N.  Y. 

Anthocyans: 

Andrew  Neff,  5520  Blackstonc  Ave.,  Chicago,  111.      120  entries,  by  author. 
1850-1920.     Fair  from  chemical  point  of  view.     Copy  in  University  of 
Chicago  Library. 
Anthraqainone: 

5m  Drugs  (Gunton  and  Okey). 
Antimony: 

Chemistry,  analysis,  etc.,  of  antimony.     Elton  R.  Darling,  James  MUlikin 
University,  Decatur,  III.     2500  to  3000  entries,  by  author,  title,  and 
subject.     Nearly  complete   up   to  date.     Abstracts   included   in   part. 
Arsphenamine: 

Fulton  B.  Flick,  Iowa  SUte  College,  Ames,  Iowa.     350  entries.     Up  to 
March    1921.     Very   few   abstracts   included.     Quite   complete   as   re- 
gards chemistry  of  the  drug,  and  covers  much  of  application  and  action. 
Asphaltic  Cements: 

Oxidation  of  asphaltic  cements.      H.  P.  Newton,  Georgetown,  Ky.     Up 
to  1920. 
Aalolysis: 

Bacterial  autolysis.  William  Shclton  Sturges,  Cudahy  Packing  Co  , 
Omaha,  Neb.  80  entries  by  author  and  title.  1890-1918.  Abstracts 
included.     85  per  cent  complete.     Copy  in  Yale  University  Library. 

Bagasse: 

Use  for  fuel  and  paper.     Arthur  D.  Little,  Inc.,  Cambridge,  Mass.     32 
entries,  by  author. 
Baking  Chemistry: 

Set  Wheat  Milling  (Bailey). 
Barium  Sulfide: 

Barium    sulfide    manufacture   and   reduction   of    barium    sulfate       Ivngi- 
ncering    Societies    Libraries,    New    York,    N.    Y.     34    entries.      1S98- 
I9I8      AbstracU  included. 
Beet  Products: 

See  Coloring  Matters  (Zerhaw). 
Blood: 

Analysis  of  blood.  H.  A.  Mattill,  University  of  Rochester,  Rochester, 
N.  Y.  400  entries,  by  subject.  1917-date.  Abstracts  included  in 
perhaps  half  the  entries.  75  per  cent  complete. 
Methods  for  analysis  of  blood.  N.  W.  Rakestraw,  Stanford  University. 
Calif.  400  entries,  by  author  and  subject.  Up-to-date.  Abstracts 
included  in  most  cases,  and  will  be  in  all  cases  when  completed.  Will 
be  as  complete  as  possible,  covering  both  domestic  and  foreign  literature 
available.  Unavailable  at  present. 
Botany: 

See  Pharmaceutical  Chemistry  (Arny). 
Butyric  Acid: 

Analysis  of  butyric  acid.  Grasselli  Chemical  Co.,  Cleveland,  Ohio. 
24  entries.     Abstracts  included. 

Calorimetry: 

See  Metabolism   (Armsby). 
CandeUlU  Wax: 

Arthur  D.  Little,  Inc.,  Cambridge,  Mass.     18  entries,  by  author. 
Cans  Products: 

Set  Coloring  Matters  (Zerhaw);  Bagasse  (Little). 
Carbon: 

Carbon  elcrtrodcs.     Set  Pitch  Coke  (The  Barrett  Company) ;  Electrochem- 
istry    (I'nion  Carbide  &  Carbon  Research  Laboratories). 
Manufacture  of  cart>on  black.     H.  J.  Masson,  New  York  University, 
New  York.  N.  Y.     200  entries,  by  author.     Up-to-date.     Complete 
as  possible. 
Carbon  Monoxide: 

Formation  of  carbon  monoxide  by  burning  gas  flames.  P.  A.  McCarty. 
90  entries.  1870-1917.  For  consultation,  write  Department  of  Chem- 
istry. Ohio  State  Uiiivemity,  Columbus,  Ohio. 


Casein: 

H.  Stirling  Snell,  Grand  Haven,  Mich.     300  entries,  by  title.     1869-date. 

Abstracts  included  in  some  cases.     Fairly  complete,  with  patent  refer- 
ences, 1918-date. 
Castor  Oil: 

Physical  and  chemical  characteristics  of  castor  oil.     F.  W.  Willard,  410 

West  School  Lane,  Germantown,  Philadelphia,  Fa.     Entries  by  author 

and  subject.      1825-1910.     Abstracts   included  in   part.     80  per  cent 

complete. 
Cement: 

Cements  involving  the  sorrel  reaction,     H.   G.   Schurecht,    Bureau  of 

Mines,   Ceramic   Experiment  Station,   Columbus,   Ohio.     75  per  cent 

complete. 
See  also  Asphaltic  Cements   (Newton);   Potash   (Western    Precipitation 

Company). 
Chemical  Education: 

Charles     Baskerville.     Incomplete.*     For    consultation,     write     Library, 

College  of  the  City  of  New  York,  New  York,  N.  Y. 
Chemical  Literature: 

Card  index  to  chemical  literature.     Patent  Office,   Washington,   D.  C. 

Contains  nearly  a  million  cards  and  covers  the  entire  field  of  chemical 

literature.     See  House  Document  No.   1110,  62nd  Congress,  3rd  Ses- 
sion, Appendix  K,  pp.  599-618,  for  description. 
Chemical  Warfare: 

Clarence  J.  West,  National  Research  Council,  Washington,  D.  C.      1500 

entries,   by   author.     Two-thirds   complete. 
Chemistry: 

Charles  E.  MuUin,  care  of  E.  and  L.  Co.,  3rd  and  Jackson  Sts..  Camden, 

N.     J.     30,000     entries.      1907-date.      Especially     strong     on     textile 

chemistry  and  dyeing. 
Chemistry    and    civilization.     Charles    Baskerville.     Incomplete.*     For 

consultation,  write  Library.  College  of  the  City  of  New  York.  New 

York.  N.  Y. 
Chemistry     and     life.     Charles     Baskerville.    Incomplete.*     For     con- 
sultation, write  Library,  College  of  the  City  of  New  York.  New  York. 

N.  Y. 
Chemistry  and  municipalities.      Charles  Baskerville.     Incomplete.*     For 

consultation,  write  Library,  College  of  the  City  of  New  York,  New  York, 

N.    Y. 
See  also  Volumetric  Chemical  Analysis  (Andrews). 
Chemists: 

Portraits  of  chemists.     F.  B.  Dains  and  Clarence  J.  West.     400  entries, 

by  subject.     For  consultation,   write   C.   J.   West,   National   Research 

Council,  Washington,  D.  C. 
Chloropicrin: 

See  Insecticides  and  Fungicides. 
Cholesterol: 

Cholesterol  and  fats  in  their  relation  to  it.      Lloyd  Arnold,  Loyola  Medical 

School,   700  S.   Lincoln  St.,   Chicago,    111.      1500  entries.      1850-1914. 

Abstracts  included.     Complete  for  period  covered. 
Citric  Acid: 

Use  of  citric  acid;  its  salts  and  esters.     The  Barrett  Co..  40  Rector  St.. 

New  York,  N.  Y.     114  entries,  by  author. 
Citrus  Fruits: 

Citrus  fruits  and  their  products.     C.  P.  Wilson,  Box  518,  Corona,  Calif. 

250  entries,  mostly  by  subject.     1910-date      Abstracts  included.     60 

per  cent  complete. 
Clay: 

Chemical   and   physical   properties,    testing,   etc.,    of   clay.     Clarence   J. 

West,  National  Research  Council.  Washington,  D.  C.     600  entries,  by 

author.     One-half  complete. 
Clays  and  ceramic  arts.     J.  C.  Branner.     Additions  to  "Bibliography  of 

Clays  and  the  Ceramic  Arts"  published  in  1906.     Entries  by  author. 

For  consultation  write  Division  of  Geology  and  Geography,  National 

Research  Council,   Washington,   D.   C. 
See  also  Refractories  (Schurecht). 
Coal: 

Library  of  Congress,   Washington,   D.  C.      105  entries,   by  author.      Up 

to  1920. 
Storage  of  coal.     Library  of  Congress,  Washington,  D.  C.      138  entries, 

by  author.     Up  to  1920. 
See  also  Low  Temperature  Carbonization  (The  Barrett  Company) 
Coal    Tar: 

Physical  constants  of  coal-tar  derivatives.     The  Barrett  Co.,  40  Rector 

St.,  New  York,  N.  Y.     Entries  by  subject.     Figures  copied  from  origi- 
nal source. 
Special  coal-tar  constituents.     The  Barrett  Co.,  40  Rector  St.,  New  York, 

N.    Y.     80   entries.     1870-date.     Abstracts   included. 
Colloid    Chemistry: 

Harry  N.  Holmes,  Oberlin  College,  Oberlin,  Ohio.      1500  and  more  entries. 

1870'date.      Brief  abstracts  often  included. 
Colloids  in  geology  and  mining.     Thorndike  Saville.     89    entries.     Very 

complete  to   1917.     For  consulution,   write   R.  W.  Sayles,  Harvard 

University,  Cambridge,  Mass. 
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Coloring  Matters: 

Coloring  matters  in  beet  and  cane  products.      F.  W.  Zertiaw,  Marrcro, 
La.      105    entries,    by    author.      1890-dttte.     Considered    fairly    com- 
plete. 
Combustion  Chemistry: 

-S'«   rndustrial   Chemistry    (Strong). 
Corrosion: 

Corrosion    iind    its    prevention.     Nathan    Van    Patten,     Massachusetts 
Institute    of    Technology.      1300    entries,    by    author.      Up    to    1921. 
Two-thirds  complete. 
Corrosion  of  metals      Clarence  J.  West  and  Callie  Hull.     2000  entries, 
by   author  and  subject.     Three-fourths  complete.     For  consultation, 
write    Division    of    Research    Extension,    National    Research    Council, 
Washington,     D.     C. 
Corrosion   of   metals  by   water  and  foaming  in  steam   boilerg      Marion 
Hollingsworth.     500   entries.     Up    to    1915.     For   consultation    write 
to  Prof.    C.  W.  Foulk,  Chemistry  Department,  Ohio  State  University. 
Columbus,  Ohio. 
Cottonseed: 

Physiological  value  and  toxicity  of  cottonseed  and  some  of  its  products. 
Icie  Gertrude  Macy.      150  entries,  by  author,  title,  and  subject.     Up 
to  1920.     For  consultation,  write  Library,  Yale  University,  New  Haven, 
Conn. 
Coumarin: 

The  Barrett  Co.,  40  Rector  St.,  New  York,  N.  Y.     72  entries,  by  author 
and    subject.      1884-date.     Abstracts    included 
Crystallography: 

Growth   of   crystals   under  pressure.     Stephen   Taber,    Columbia,   S.    C. 
150  entries,  by  author  and  title.     Incomplete. 
Cyclobutane: 

Cyclobutane  derivatives.  L.  L.  Steele,  Bureau  of  Standards,  Washington, 
D.  C.  66  entries.  Up  to  1914.  Abstracts  of  methods  of  preparation 
are  included. 

Dihydroxybutyric  Acids: 

J.    W.    E.    Glattfeld,    University   of   Chicago,    Chicago,    III.     26   entries. 
Up   to   1915.     Complete. 
Zi^Dinitrobenzaldehyde : 

Derivatives  of  2,4-dinitrobenzaldehyde.      Blaine  B.  Wescott,   1739  Lilac 
St.,    Pittsburgh,   Pa.    (Mt.    Olive   Station),     Up   to   1920.     Very   brief 
abstracts  included.     Complete. 
Disinfectants: 

See  Insecticides  and  Fungicides;  Poisons  (Gray). 
Distillation: 

Distillation:  machinery,  process,  theory.  Edwin  M.  Baker,  University 
of  Michigan,  Ann  Arbor,  Mich.  Entries  by  author  and  subject.  1907- 
1919.  Abstracts  included  for  more  important  articles.  Does  not  in- 
clude patents;  otherwise  all  articles  listed  in  Chemical  Abstracts. 
Fractional  distillation.  E.  H.  Leslie,  University  of  Michigan,  Ann  Arbor, 
Mich.  Fairly  complete. 
Dolomite: 

See  Refractories  (Schurecht). 
Drugs: 

Anthraquinone  drugs,  especially   Rhamnus  frangula.     J.  A.  Gunton  and 
Ruth   Okey,   Transylvania   College,   Lexington,   Ky.     350  entries,   by 
author,  title,  and  date.      1828-1921.     Abstracts  included  for  Rhamnus 
frangula.     Quite  complete. 
See  also  Arsphenamine  (Flick);  Epinephrine  (Schultz). 
Drying: 

Drying:  machinery,   process,   theory.     Edwin    M.    Baker,   University   of 

Michigan,  Ann  Arbor,  Mich.     Entries,  by  author  and  subject.     1907- 

1919.      Abstracts    included    for    more    important    articles.      Does    not 

include  patents;  otherwise  all  articles  listed  in   Chemical  Abslracts. 

Dyes: 

American  dye  patents.  Color  Investigation  Laboratory,  Bureau  of 
Chemistry,  Washington,  D.  C.  3000  patents,  cross  indexed  in  seven 
ways,  total  cards  about  35,000.  Indexed  under  number,  intermediates, 
chemical  class,  color,  application  to  fiber,  fiber  on  which  used  and  owner. 
1861-1921.  Abstracts  included.  Complete  to  July  1921. 
See  also  Chemistry  (Mullin);  Coloring  Matters  (Zerhaw). 

Electric   Welding: 

James  H.  Gravell,  1126  S.  11th  St.,  Philadelphia,  Pa.  30,000  entries, 
by  patent  owner,  number  and  subject.  lS40-date.  Abstracts  included. 
Complete  cross  index  of  welding  as  disclosed  in  United  States  patents. 
Electrochemistry : 

The  battery  industry.  Union  Carbide  &  Carbon  Research  Laboratories, 
Inc.,  Long  Island  City,  N.  Y.      100  entries,  by  author. 

The  carbon  industry.  Union  Carbide  and  Carbon  Research  Laboratories, 
Inc.,  Long  Island  City,  N.  Y.      185  entries,  by  author. 

See  also  Industrial  Chemistry  (Strong);  Pitch  Coke  (The  Barrett  Com- 
pany). 


Enamels: 

Enamels,    cnumcling,    and    enameling  raw  materials.     A.    D.    Laadrum, 
720  Electric  BIdg.,  Cleveland,  Ohio.     F.ntries  by  author  and  title,  and 
cross  indexed  in  some  coses  by  subject.     Complete  to  1918. 
Epinephrine: 

Adrenalin  ami  adrenalin-like  bodies.     W.  H.  Schultz,  University  of  Mary- 
land Medicol  School,  Baltimore,  Md.     1500  entries,  by  author.     1883- 
1009.      Abstracts  included  in  part. 
Esters: 

Alcoholysis  of  esters.     Jesse  B.  Minor.     For  consultation  write  Dr.  Roger 
F.  Brunei,  Bryn  Mawr  College,  Bryn  Mawr,  Pa.     Published  In  port. 
Evaporating    Apparatus: 

See  Heat  Transmission  (Badger). 
Explosives: 

Charles    E.    Munroe,    National    Research    Council,    Washington,    D.    C. 
6000     entries,     chronologically     by     author.      I66&-1907.     Abstracts 
included.     One-tenth    complete. 
Extraction: 

Extraction:  machinery,  process,  theory.  Edwin  M.  Baker,  University 
of  Michigan,  Ann  Arbor,  Mich.  Entries  by  author  and  subject.  1907- 
1919.  Abstracts  included  for  more  important  articles.  Does  not  in- 
clude  patents;   otherwise   all   articles   Ibted   in    Chemical    Abslracls. 

Fats  and  Oils: 

Bleaching  of  vegetable  oils  with  various  earths  and  blacks.  B.  H.  Thur- 
man,  297  Fourth  Ave.,  New  York,  N.  Y.  1011-1921.  85  per  cent 
complete. 

Edible  oils  and  fats.  Library  of  Congress,  Washington,  D.  C.  .108 
entries,  by  author.     Up  to  1918. 

Fats  and  oils.  Herbert  S.  Bailey,  Head  Laboratory,  Southern  Cotton 
Oil  Co.,  Savannah,  Ga.  500  entries.  1890-1918.  Abstracts  included 
in  many   instances.     Nearly  complete. 

Fats  and  oils.  George  S.  Jamieson,  Oil,  Fat  and  Wax  Laboratory,  Bu- 
reau of  Chemistry,  Washington,  D.  C.  1915-date.  Brief  abstracts 
in  a  few  cases.     References  mostly  from  Chemical  Abstracts. 

Refining  vegetable  oils.  Charles  Baskerville.  Incomplete.*  For  con- 
sultation, write  Library,  College  of  the  City  of  New  York,  New  York, 
N.    Y. 

See  also  Castor  Oil,  etc.;  Hydrogenation,  Viscosity. 
Feldspars: 

Physical  and  chemical  nature  of  the  feldspars.     Harold  L.  Ailing,   Uni- 
versity of  Rochester,  Rochester,  N.  Y.     107  entries,  by  author  and  sub- 
ject.     1300  chemical  analyses. 
Ferro- Alloys: 

See  Alloys  (Estes). 
Filters: 

Filters   and   filtration.     J.    Edward    Porter,    Box   785,   Syracuse,    N.    Y. 
3000   entries,    by    author,    title,   and    subject.     1900-1915.     Includes 
patents. 
Fireproofing: 

See   Waterproofing    (Fenn). 
Fish: 

See  Piscatorial  Chemistry. 
Flax: 

Department  of  Technical  Control,  American  Writing  Paper  Co.,  Holyoke, 
Mass.     163     entries.      1880-1920.     Abstracts     included.     Everything 
available. 
Flesh: 

Amino  acid  distribution  of  flesh.  E.  G.  Sieveking.  31  entries  by  author 
and  title.  1899-1922.  AbstracU  included  Fairly  complete.  For  con- 
sultation, write  C.  R.  Moulton,  105  Schweitzer  Hall,  Columbia,  Mo. 

Nitrogen  distribution  in  flesh  (proteins).  W.  S.  Ritchie.  12  entries  by 
author  and  title.  1900-1922.  Abstracts  separate  but  available. 
Complete,  especially  with  regard  to  edible  flesh.  For  consultation, 
write  C.  R.  Moulton,  105  Schweitzer  Hall,  Columbia,  Mo. 

See  also  Meat. 
Fluorene: 

The  Barrett  Co.,  40  Rector  St.,  New  York,  N.  Y.  261  entries,  by  author 
and  subject.      lS67-date.     Abstracts  included. 

Food: 

Conservation,  production,  and  economic  use  of  foods.  Library  of  Con- 
gress. Washington,  D.  C.      192  entries,  by  author.     Up  to  1917. 

Food  in  relation  to  health,  food  rationing,  dietetics,  etc.  Library  of 
Congress,  Washington,  D.  C.     143  entries,  by  author.     Up  to  1918. 

Fungi: 

Physiology  of  fungi  (biochemical).     C.  U.  Frey,  103  W.  183rd  St.,  New 
York,  N.  Y.     150  entries,  by  author  and  subject.     1880-1916.     Ab- 
stracts included  in  some  cases. 
Fungicides: 

See  Insecticides  and  Fungicides;  Poisons  (Gray). 
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G«s(es): 

Gases.  M.  C.  Smith.  12,000  entries,  by  title,  subject,  and  properties, 
with  attached  author  list.  Few  before  1880,  since  1900  fairly  covered. 
Brief  abstracts  and  comments  in  some  cases,  tabulated  data  in  some,  a 
few  critically  covered.  Everything  of  probable  interest  in  connection 
with  gas  chemistry:  physical  properties,  chemical  reactions,  manufac- 
ture, analysis,  commercial  application,  etc.  Conveniently  arranged  and 
indexed.  For  consultation,  write  Chembtry  Section,  Bureau  of  Stand- 
ards,   Washington,    D.    C. 

Diffusion  of  gases  through  hot  solids.  B.  Clifford  Hendricks,  302  Chem- 
Btry  Hall,  University  of  Nebraska,  Lincoln,  Neb.  50  entries,  by  author, 
title,  and  subject.  1863-1920.  Abstracts  included  for  practically 
all  references.     73  per  cent  complete. 

Gas  absorption:  machinery,  process,  theory.  Edwin  M.  Baker,  Univer- 
sity of  Michigan,  Ann  Arbor,  Mich.  Entries  by  author  and  subject. 
1907-1919.  Abstracts  included  for  more  important  articles.  Does 
not  include  patents;  otherwise  all  articles  listed  in  Chemical  Abslracls. 

Preparation,  chemical,  and   physical  properties  of  gases.     Gas  Section. 
Bureau  of  Standards.  Washington,  D.  C.      10.000  entries,  by  author  and 
subject.      1800-date.     Short  abstracts  included  in  a  large  number  of 
cases.     About   complete. 
GcUtin: 

E.  T.  Oakes,  85  Ninth  Ave.,  New  York,  N.  Y.  350  entries,  by  author, 
title,  and  subject.     Up  to  date.     Abstracts  included. 

5«  also  Glue  (Alexander),  (Thiele). 


,  Colorado  College,  Colorado 


20  entries,   by  author. 


Germanium: 

Chemistry  of  germanium.     Frank  W.  Dougla 
Springs,    Colo.     Up   to    1919. 
Gilsonite: 

See  Petroleum   (Carmichael), 
Ginger: 

Arthur   D.   Little,    Inc.,   Cambridge,    Mass. 
Glass: 

Alexander  Silverman,   University  of   Pittsburgh,   Pittsburgh,    Pa.     6000 
entries,    by    author    and    subject.     1822-1914.     Practically    complete. 
See   also    Sand    (Richardson). 
Glue: 

Glue  and  gelatin.  James  Alexander,  255  W.  108th  St.,  New  York,  N.  Y. 
To  appear  in  an  American  Chbmical  SociBTV  monograph  on  this 
subject. 
Glue  and  gelatin,  including  testing,  chemical  and  physical  methods, 
complete  patent  literature,  and  statistics.  L.  A.  Thiele,  Upper-San- 
dusky  or  Columbus,  Ohio.  2000  entries,  including  500  patents,  by- 
author  and  subject.  1814-1920.  Abstracts  included  in  part.  Very 
nearly  complete. 
See   also    Casein    (Sncll). 


{To  be  concluded) 


AMERICAN  CONTEMPORARIES 


Ira  Remsen 


Ty  EMSEN  is  most  widely  known 
*■  ^  through  his  textbooks,  which  have 
reached  every  quarter  of  the  globe  and 
have  been  studied  by  tens  of  thousands 
of  students  from  high  school  to  univer- 
sity. He  is  best  known  to  the  initiated 
for  the  long  list  of  researches  he  has 
carried  out.  He  will  be  longest  known 
for  the  journal  which  lie  founded  and 
conducted  for  thirty-five  years,  and  into 
which  he  gathered  such  a  large  propor- 
tion of  American  chemical  research  for  that 
period.  He  is  best  loved  and  most  revered 
by  those  who  have  attended  his  inimitable 
lectures  and  have  come  into  close  contact 
with  his  inspiring  personality.  More  than 
any  other  man  he  typifies  American  chem- 
istry, for  the  excellent  reason  that  he  has 
had  such  a  large  part  in  shaping  American  ,      . 

chemistry. 

The  founding  of  Johns  Hopkins  Univer- 
sity in  1S70,  an  institution  of  an  entirely  new  kind,  providing 
opportunities  for  advanced  study  and  putting  emphasis  on 
research  as  had  not  been  done  before  in  America,  gave  a  tre- 
mendous impetus  to  higher  education.  For  Remsen  it  offered 
a  wonderful  opportunity,  one  for  which  he  was  peculiarly  fitted 
by  his  type  of  mind,  his  training,  his  tastes,  and  his  ambitions. 
He  had  learned  the  technic  of  research  from  such  masters  as 
Licliig,  Wohlcr,  Volhard.  and  Fittig,  but  the  research  spirit  he 
did  not  have  to  acquire,  for  it  was  that  spirit  which  made  him 
fare  forth  to  a  far  country  to  seek  the  companionship  of 
investigators. 

Rcmsin  came  into  American  chemistry  during  its  formative 
period  when  his  leadership  counted  for  most.  Many  who  were 
later  to  mold  chemitnl  thought  and  practice  were  themselves 
molded  by  him.  He  taught  a  few  hundred;  they  have  taught 
many  thousands.  Comparatively  few  of  his  students  went  into 
commercial  chemistrj',  but  a  number  of  these  have  been  prom- 


inent figures  in  some  of  our  largest  in- 
dustries and  have  carried  Remsen's  ideals 
with  them.  He  has  never  taken  out  a 
patent  or  turned  his  hand  to  commercialize 
any  of  his  discoveries,  and  has  always 
taught  pure  chemistry,  yet  few  men  have 
had  so  great  an  influence  on  applied 
chemistry. 

The  presidency  of  the  imiversity  was 
thrust  upon  him  to  the  detriment  of 
chemistry  and  the  violation  of  his  own 
tastes,  but  it  was  desirable  that  the  direc- 
tion of  the  university  fall  into  the  hands 
of  one  who  had  shared  in  creating  its 
ideals  and  who  could  be  trusted  to  fur- 
ther them.  His  administration,  1901- 
1913,  was  a  period  of  steady  progress 
against  difficulties,  and  was  marked  by 
the  founding  of  the  school  of  engineer- 
ing and  the  removal  of  the  university  to 
its  present  splendid  location  near  the 
edge  of  the  city. 

He  has  served  his  city,  his  state,  and 

his  country  on  various  commissions,  giving  his  time  and  strength 

freely  for  the  public  good. 
The  years  since  his  retirement,  in  1913,  he  has  spent  in  travel, 

in  revising  his  books,  and  in  giving  advice,  as  requested,  to  the 

Government  and  to  several  large  industries. 

Remsen  is  more  than  a  famous  investigator,  more  than  a  writer 

of  luminous  texts,  more  than  a  discriminating  editor,  more  than 

an   inspiring   teacher,   and   more   than   a   university   president; 

he  is  a  real  man,  interested  in  life,  loving  the  out-of-doors,  full 

of  kindly  humor,  quick  to  understand,  accessible  to  all,  helpful 

as  a  friend,  sane  in  judgment,  kindly  in  estimating  others,  and 

scrupulously  honest  and  fair  in  all  his  dealings. 

He  has  a  way  of  thinking  things  through  for  himself  and  then 

going  forward,  and  is  not  easily  turned  aside,  but  never  needlessly 

antagonizes  others.     Chemists  love  to  honor  him  and  with  good 

reason. 

E.  Emmst  Rbid 
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Report  of  the  American  Deleg-ation  to 
the  Third  Meetine:  of  tlie  Inter- 
national Union  of  Pure  and 
Apphed  Chemistry' 

The  third  conference  of  the  International  Union  of  Pure  and 
Applied  Chemistry  was  held  at  Lyons,  Krance,  June  27  to  July 
2,  1922,  under  the  presidency  of  Dr.  Charles  Moureu.  The 
following  countries  were  represented  by  the  number  of  delegates 
indicated:  Argentine  Republic  1,  Belgium  4.  Brazil  1,  Canada 
2,  Denmark  3,  Spain  3,  United  States  9,  France  30,  Great  Brit- 
ain 6,  Greece  1,  Italy  16,  Japan  2,  Monaco  2,  Norway  4,  Holland 
8,  Peru  1 ,  Poland  2,  Roumania  3,  Switzerland  3,  Czechoslovakia 
2,  Uraguay  1,  and  Jugoslavia  1. 

The  United  States  was  represented  by  the  following  delegates: 
Charles  L.  Parsons,  chairman;  E.  W.  Washburn,  secretary; 
H.  S.  Washington  (represented  by  alternate  John  Frazer); 
R.  B.  Moore.  Edward  Bartow,  and  W.  D.  Bancroft  (represented 
by  alternate  Atherton  Seidell),  members  of  the  Council;  A.  C. 
Langmuir,  W.  A.  Noyes,  and  A.  P.  Matthews,  members  of  the 
General  Assembly. 

Three  meetings  of  the  Council  and  two  meetings  of  the  Gen- 
eral Assembly  were  held.  The  sessions  were  interspersed  with 
committee  meetings,  social  events,  scientific  lectures,  and  numer- 
ous excursions  to  factories  in  Lyons  and  vicinity.  The  visiting 
delegates  and  their  ladies  were  royally  entertained  by  the  people 
of  Lyons,  and  the  meeting  was  in  every  way  successful  and  will 
long  be  remembered  by  everyone  present. 

At  the  final  session  of  the  General  Assembly  Sir  William  Pope 
was  elected  president  for  the  ensuing  three-year  term,  and  it  was 
voted  to  hold  the  next  meeting  of  the  Union  in  the  summer  of 
1923  at  Cambridge,  England.  W.  D.  Bancroft  was  elected 
vice  president  and  member  of  the  executive  committee  for  Amer- 
ica. After  the  adjournment  of  the  conference  the  delegates 
were  guests  of  the  Lyons  committee  on  a  steamboat  excursion 
down  the  Rhone  to  Avignon,  whence  the  delegates  proceeded 
by  special  train  to  Marseilles  where  they  were  the  guests  of 
the  French  Society  of  Industrial  Chemistry  at  its  annual  meet- 
ing and  where  they  had  the  opportunity  of  visiting  the  very 
interesting  and  instructive  French  Colonial  Exposition. 

During  the  meetings  the  following  scientific  lectures  were 
given:  (1)  The  Origin  of  the  Synthetic  Organic  Dyestu£f 
Industry,  by  Prof.  Leo  Vignon  of  the  University  of  Lyons ; 
(2)  The  Discontinuity  of  Matter;  and  (3)  The  Theory  of  Radio 
Chemistry,  by  Prof.  Jean  Perrin  of  the  Sorbonne. 

Abstracts  of  Committee  Reports 
The   following   are   abstracts   of  the    reports   of   committees 
adopted  by  the  General  Assembly  of  the  Union: 

Committee  on  National  and  Internation.\l  Fuel 
AND  Ceramic  Research  Laboratories 

The  committee  made  the  following  recommendations:  (1) 
Each  countrj'  belonging  to  the  Union  shall  be  invited  to  formulate 
through  a  committee,  or  other  suitable  agency,  a  systematic 
nomenclature  for  fuels,  covering  legal  and  commercial  definitions 
of  the  various  combustibles,  together  with  an  exact  description 
of  their  various  properties,  physical,  chemical,  physico-chemical, 
and  organoleptical.  (2)  Through  the  same  agency  each  country 
shall  also  make  a  complete  compilation  of  the  methods  and 
apparatus  of  research,  analysis,  and  testing,  which  are  employed 
in  the  country,  either  officially  or  by  common  usage,  to  the  end 

'  Provisional  and  nonoflScial  report. 


that  this  information  may  be  available  as  a  basis  of  discussion 
for  formulating  a  set  of  standard  delinitions  and  methods,  for 
international  adoption. 

In  order  to  facilitate  exchange  of  information,  the  committee 
requested  that  the  agency  established  in  each  country  cor- 
respond directly  with  the  president  of  the  International  Com- 
mittee on  Fuels. 

Committee  on  an  International  I>epinition 
OP  THE  Term  "Ceramic" 

The  committee  approved  unanimously  the  recommendations 
of  the  American  Ceramic  Society's  committee  on  this  question, 
and  voted  that  they  should  .serve  as  a  basis  for  discussion  of  the 
question  which  should  be  brought  before  the  next  meeting  of  the 
Union  for  final  consideration,  after  each  country  belonging  to 
the  Union  had  had  an  opportunity  to  study  the  report  and 
contribute  to  the  discussion. 

Committee  on  Reform  op  Nomenclature 

Subcommittee  for  Inorganic  Chemistry— The  committee 
recommended  that  the  formula  index  employed  by  Chemical 
Abstracts  be  adopted  as  soon  as  convenient  by  all  chemical  pub- 
lications. Other  recommendations  of  the  committee  dealt 
with  minor  points  concerning  terminology  in  the  different 
languages. 

Subcommittee  for  Organic  Chemistry — The  committee 
recommended  (1)  that  all  questions  of  nomenclature  be  submitted 
for  examination  and  report  to  the  editors  of  the  most  important 
chemical  journals;  (2)  that  the  functions  of  the  committee  be 
limited  to  the  examination  and  criticism  of  the  reports  received 
from  the  editors;  and  (3)  that  the  committee  formulate  a  re- 
port in  1923  comprising  a  complete  system  of  nomenclature 
for  the  adoption  of  the  principal  scientific  and  technical  chemical 
journals  and  by  the  authors  of  dictionaries  and  didactic  works. 
The  General  Assembly,  in  accordance  with  the  recommenda- 
tions of  the  committee,  appointed  Messrs.  Grecnaway.  Marquis 
and  Crane  as  the  committee  of  editors,  and  directed  that  their 
report  should  be  communicated  to  the  six  chairmen  of  the 
nadonal  committees — viz.,  Messrs.  Angeli,  Billmann,  Blaise, 
Norris.  Smith,  and  Votocek — who  should  examine  it  within  two 
months  after  its  receipt  and  transmit  it,  together  with  their 
suggestions,  to  the  secretary  of  the  Union,  who  in  turn  would 
transmit  it  to  the  three  members  of  the  subcommittee,  for 
formulation  of  the  final  report  to  be  presented  to  the  Cambridge 
meeting  of  the  Union. 

Subcommittee  for  Biological  Chemistry — The  prelimi- 
nary report  of  Mr.  Bertrand  was  ordered  printed  and  circulated 
for  study  in  each  of  the  countries  belonging  to  the  Union,  with 
the  purpose  of  arri\'ing  at  final  conclusions  at  the  Cambridge 
meeting. 

Committee  on  the  Revision  of  Sign  of 
Electrode  Potentials 

The  committee  recommended  (1)  that  in  referring  to  the 
potential  of  a  metal  in  contact  with  a  solution,  the  sign  of  .the 
potential  of  the  metal  should  be  employed;  and  (2)  that  when 
the  numerical  value  of  a  potential  is  given,  the  basis  of  reference 
should  be  indicated,  together  with  all  details  necessary  for  its 
reproduction. 

Committee  on  Chemical  Periodicals 

The  committee  recommended  (1)  the  adoption  of  the  journal 
abbre\'iations  used  by  Chemical  Abstracts;  (2)  that  when  titles 
are  in  other  than  Roman  characters,  a  transliteration  but  not 
a  translation  should  be  employed;  and  (3)  that  the  abbre\-iation 
for  the  word  "Japanese"  should  be  Jpn.  and  not  Jap.  The 
committee  also  expressed  the  following  views:  (1)  that  central 
bureaus  of  documentation  and  bibliography,  in  the  broadest 
sense  of  the  terms,  be  created  in  the  various  countries,  and  that 
these  central  bureaus  cooperate  fully  with  one  another;  (2) 
that  there  be  published  a  list  of  the  offices  of  those  bureaus 
which  are  already  functioning;  (3)  that  the  decimal  system  of 
classification  be  adopted  for  the  classification  of  publications  of 
pure  and  applied  chemistrj^  and  that  all  journals  publish  the 
appropriate  decimal  index  at  the  head  of  each  article;  (4) 
that  there  be  established,  through  cooperation  with  the  Commit- 
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tec  of  the  International  Catalog  of  Scientific  Literature,  a  central 
register  of  chemical  publications  and  patents  classified  by 
authors;  (5)  that  all  chemical  publications  bear  the  address 
of  the  author  or  that  of  the  laboratory  in  which  the  investigation 
was  carried  out;  and  (6)  that  all  articles  published  in  periodicals 
be  accompanied  by  an  abstract  in  one  of  the  four  languages — 
English,  French.  German,  or  Italian.  A  temporary  committee 
was  appointed  to  continue  the  study  of  the  problems  of  docu- 
mentation, and  in  particular  to  revise  the  tables  of  decimal  classi- 
fication for  chemistry  in  cooperation  with  the  International 
Union  of  Bibliography. 

Committee  on  the  International  Institute  of 
Chemical  Standards 

Subcommittee  on  Physico-Chemical  Standards — The  com- 
mittee recommended:  (1)  that  all  countries  which  have  not  thus: 
far  designated  a  correspondent  for  the  Bureau  of  Physico- 
Chemical  Standards  should  be  invited  to  communicate  im- 
mediately the  name  of  their  correspondent  to  the  secretar>-  of 
the  Bureau  (University,  Rue  des  Sols,  Brussels,  Belgium). 
The  secretary  of  the  Bureau  was  authorized  to  communicate 
directly  with  the  different  national  committees  in  order  to  ac- 
celerate as  much  as  possible  the  completion  of  the  lists  of  these 
correspondents;  (2)  that  an  official  representative  of  the  Union 
be  appointed  to  solicit  further  financial  support  for  the  Bureau 
on  the  part  of  the  Belgian  industries.  (Dr.  Emile  Mond  was 
appointed  as  this  representative.) 

Subcommittee  on  Pure  Products  for  Research — It  was 
recommended  that  each  member  of  the  subcommittee  send  to 
the  Secretary  General  of  the  Union  before  the  end  of  April  next 
a  report  covering  for  his  country  the  progress  which  has  been 
made  in  the  standardization  of  analytical  reagents  and  methods 
of  testing  the  same.  The  committee  further  recommended  that 
for  comparative  volumetric  determination  of  the  halogens 
in  seawater  the  advisability  of  employing  pure  sodium  chloride 
as  a  standard,  in  preference  to  a  typical  seawater,  be  studied, 
owing  to  the  impossibility  of  controlling  exactly  the  composition 

Subcommittee  on  the  Documentation  of  Industrial  and 
Technical  Products — This  committee  made  the  following 
recommendations:  (1)  It  is  desirable  that  each  of  the  countries 
belonging  to  the  Union  shall  prepare  a  Ust  of  the  various  indus- 
trial chemicals,  with  an  indication  of  the  products  actually 
manufactured  in  their  country  in  the  manner  already  accom- 
plished in  Great  Britain  and  in  ])roccss  of  execution  in  France, 
these  various  lists  to  be  later  combined  in  a  central  bureau 
at  Paris.  (2)  In  addition  to  the  central  bureau  at  Paris  there 
shall  be  established  in  each  country  a  corresponding  member  of 
that  bureau,  in  order  to  facilitate  the  service  to  be  rendered  by 
the  bureau  to  chemists.  This  representative  shall  become  a 
depository  of  all  the  catalogs  and  documents  published  by  the 
central  bureau. 

Committee  on  the  Establishment  of 

TlIKRMOtllEMICAL  STANDARDS 

This  committee  made  the  following  recommendations:  (1) 
that  benzoic  acid  be  adopted  as  the  thermochemical  standard 
for  determining  the  thermal  capacity  of  calorimetric  apparatus 
used  for  the  measurement  of  the  heats  of  combustion  of  fuels 
and  organic  materials;  (2)  that  standard  samples  of  benzoic 
acid  prepared  by  the  Bureau  of  Standards  of  Washington  can 
be  obtained  from  the  Bureau  of  the  International  Institute  of 
Physical  and  Chemical  Standards  at  the  University  of  Brussels; 
(3)  that  the  Union  adopt  provisionally  as  the  heat  of  a  gram  of 
benzoic  acid  fweighed  in  air)  the  value  6324  cal.  15°;  (4)  that 
every  author  who  publishes  data  on  heat  of  combustion  indicate 
the  value  used  for  the  heat  of  combustion  of  the  benzoic  acid 
used  for  standardizing  his  calorimeter. 

The  committee  further  recommended  that  the  value  of  the 
mechanical  equivalent  of  heat  should  be  determined  with  such 
precision  that  the  heats  of  combustion  of  organic  substances  and 
of  fuels  might  be  expressed  in  absolute  units. 

CoMMiTTBE  ON  THE  Annual  Tables  of  Constants 

This  committee  adopted  the  following  resolutions:  (1)  that 
the  Union  approve  the  accounts  presented  by  the  Committee 
on  Annual  Tallies  for  the  year  1021  and  that  the  report  of  this 
committee  In-  prt.scnted  to  the  International  Research  Council; 
(2)  that  the  Union  express  its  appreciation  of  the  great  value  of 
this  indispensable  publication,  compliment  the  International 
Committee  upon  the  progress  made,  and  appro\-e  the  program 
of  work  recommtiulid  for  the  years  li»23  to  192.");  (3)  that  the 
Union  considers  it  nece.vsar)'  to  give  to  the  Committee  on  Annual 
Tnblcs   the   financial   support  necessary   lo  continue  its  work, 


and  that  it  approves  the  project  proposed  for  an  international 
fund  and  budget  to  carry  on  the  work  for  the  next  five  years; 
(4)  that  the  Union  transmit  its  recommendations  to  the  Inter- 
national Research  Council  and  that  it  request  the  French  gov- 
ernment to  transmit  them,  through  diplomatic  channels,  to  the 
various  countries  belonging  to  the  Union  or  represented  on  the 
International  Committee  on  Annual  Tables,  with  the  request 
that  these  governments  communicate  them  to  their  scientific 
academies  or  national  research  councils:  (5)  that  the  Union 
express  the  hope  that  the  scientific  organizations  and  industrial 
groups  in  the  various  countries  will  act  favorably  in  according 
the  necessary  financial  support  to  the  work  on  the  tables;  that 
the  Union  take  note  of  the  cooperation  established  between  the 
Committee  on  Annual  Tables  and  the  Committee  on  Critical 
Tables,  and  compliment  the  two  committees  for  thus  assuring 
the  future  of  the  documentation  of  physical  constants  which  is 
so  important  for  the  future  progress  of  science  and  technology, 
and  that  the  Union  further  extend  to  Mr.  Marie  its  thanks  for 
the  self-sacrificing  efforts  which  he  has  made  in  his  work  on  this 
committee. 

Committee  on  the  I^eservation  of  Food  Products 

The  committee  voted  to  request  each  of  the  delegates  of  the 
countries  represented  at  the  meetings  to  secure  the  preparation 
of  a  resume  of  the  work  carried  on  in  their  respective  countries 
concerning  the  employment  of  processes  for  the  conservation 
of  solid  and  liquid  food  products,  these  reports  to  include  an 
indication  of  the  existing  legislation  (including  importation 
and  exportation)  covering  the  use  of  preservatives  in  food 
products. 

Committee  on  International  Patents 

This  committee  devoted  considerable  time  to  the  discussion 
of  the  various  aspects  of  the  problem,  but  presented  no  recom- 
mendations.    The  work  of  the  committee  is  to  be  continued. 

Committee  on  Industrial  Hvgiene 

The  committee  voted  to  take  up  for  consideration  the  pniblciii 
of  industrial  fumes. 

Committee  on  Chemical  Elements 

This  committee  did  not  meet  at  Lyons,  owing  to  the  absence 
of  Prof  T.  W.  Richards,  but  on  July  13  a  meeting  of  the  committee 
was  held  in  Paris,  with  Mr.  Georges  Urbain  presiding.  The 
committee  elected  Messrs.  Baxter,  of  Harv'ard  University,  and 
Leduc,  of  France,  as  additional  members.  It  voted  to  publish 
in  January  1923  a  table  of  isotopes  and  of  radioactive  elements, 
and  that,  if  a  new  general  table  of  atomic  weights  could  not  be 
completed  previous  to  that  date,  the  1922  table  should  be  con- 
tinued as  ofticial  for  1923. 


The  following  new  oflficers  were  elected :  president,  Sir  William 
Pope;  vice  presidents,  W.  D.  Bancroft,  E.  Billmann,  E.  Paterno, 
and  E.  Votocek;  secretary  general,  Jean  Gerard.  The  following 
countries  were  admitted  to  membership  in  the  Union:  Aus- 
tralia, Luxemburg,  and  Peru. 

The  sessions  of  the  Union  were  closed  with  a  banquet  to  all 
of  the  delegates  by  the  Chamber  of  Commerce  of  Lyons.  Mr. 
Louis  Pradel,  president  of  the  Chamber  of  Commerce,  presided 
and  toasts  were  offered  by  Mr.  Leon  Berard,  French  Minister 
of  Pubhc  Instruction,  Mr.  Herriot,  mayor  of  Lyons,  and  Mr. 
Canal,  prefect  of  the  Rhone. 

C.  L.  Parsons,  Chairmait 
K.  W.  Washburn,  Secrelary 


Bulletin  212  of  the  South  Carolina  Agricultural  Experiment 
Station,  "Analyses  of  Commercial  Fertilizers,"  contains  the 
analyses  of  722  official  samples  of  commercial  fertilizers  arranged 
in  the  following  tables:  complete  fertilizers  (containing  ammonia, 
phosphoric  acid,  and  potash),  cottonseed  meals,  acid  with  am- 
monia, acid  phosphates,  acid  with  potash,  potash  salts,  materials 
containing  nitrogen  only,  and  miscellaneous.  In  connection 
with  tlie  tables  is  a  discussion  of  the  results  of  the  analyses, 
showing  wherein  some  of  the  samples  fell  below  the  guarantee, 
and  a  comparison  of  tlie  yearly  average  of  analyses  of  the  various 
types  of  fertilizers  from  1891  to  1922.  Copies  of  the  bulletin 
may  be  obtained  from  the  Agricultural  Experiment  Station, 
Clemson  College,  S.  C. 
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American  Electrochemists  Invade 
Montreal 

One  hundred  and  ninety-five  members  and  guests  gathered 
in  Montreal  on  September  21  to  23  for  the  42nd  General  Meeting 
of  the  American  Electrochemical  Society.  The  dual  purpose 
of  the  organization  was  clearly  emphasized  by  the  Uvely  and 
interested  discussion  of  well-selected  papers  on  electrochemical 
subjects,  and  the  opportunity  afforded  by  such  a  gathering  for  the 
promotion  of  genuine  good  fellowship  among  its  members.  The 
committees  on  arrangements  provided  everything  that  could 
be  desired,  and  are  to  be  congratulated  on  a  most  successful  meet- 
ing from  every  point  of  view. 

Following  registration  on  Wednesday  evening,  President 
Schluederberg  opened  the  first  session  at  the  Windsor  Hotel  on 
Thursday  morning  by  introducing  Alderman  Seyboldt,  represent- 
ing Mayor  Martin  of  Montreal,  who  extended  the  welcome  and 
freedom  of  the  city  to  those  present.  Dr.  R.  F.  Ruttan,  past 
president  of  the  Society  of  Chemical  Industry,  offered  the  glad 
hand  of  fellowship  of  Canadian  chemists  to  the  Society,  and 
spoke  interestingly  of  the  rapid  development  of  the  science  of 
chemistry  through  study  in  those  borderlands  where  contact 
is  estabUshed  with 
other  sciences  for  the 
mutual  benefit  of  all. 
The  recent  advances 
in  electrochemistry, 
photochemistry',  and 
other  similar  fields 
were  dwelt  upon,  and 
the  advantages  ac- 
cruing to  both  phys- 
ics and  chemistry 
from  such  mutual 
investigations  were 
pointed  out  as  an 
earnest  of  future  ac- 
complishment   along 


similar  lines.  Other  papers  were  devoted  in  a  general  way  to  the 
subject  of  electroplating  and  the  properties  of  electrodepositcd 
metals. 

The  effect  of  heat  treatment  on  the  properties  of  electrolytic 
iron  was  discussed  by  Norman  B.  Pilling.  He  has  found  that 
the  initial  effect  of  annealing  is  a  marked  hardening  of  the  metal 
which  reaches  a  maximum  at  a  temperature  of  300  °  to  400  °  C . ,  and 
that  higher  temperatures  reduce  the  hardness  to  a  minimum  at  a 
critical  point  of  about  900°  C.  Microstructural  changes  and  the 
decomposition  of  the  unstable  iron-hydrogen  compound  in  re- 
lation to  hardness  were  discussed.  A  second  paper,  dealing  with 
alloys  of  iron  with  carbon  and  manganese,  prepared  in  vacuo 
from  electrolytic  iron,  was  given  by  R.  P.  Neville  and  J.  R.  Cain, 
who  reported  work  done  in  the  Bureau  of  Standards. 

Experiments  leading  to  the  belief  that  the  de-zincification  of 
normal  (60 :  40)  brass  occurs  only  when  contact  of  the  brass  with 
copper  in  solution  is  maintained  during  the  corrosion,  were  dis- 
cussed on  the  basis  of  a  paper  prepared  by  Ralph  B.  Abrams 
The  fact  that  brasses  of  different  compositions  show  different 
results  and  that  other  alloys  do  not  show  similar  properties  was 
brought  out  by  the  general  discussion. 

The  disappearance  by  diffusion  of  various  metals  when  plated 
upon  a  zinc  base  and  the  relative  rates  of  diffusion  of  various 

metals  in  this    wav. 


as  studied  in  a  paper 
by  Walter  G.  Traub. 
brought  out  com- 
ments from  the  So- 
ciety as  to  the  desir- 
ability of  first  coating 
the  article  to  be 
plated  with  nickel, 
whose  rate  of  diffu- 
sion is  notably  slow. 
The  Board  of  Di- 
rectors met  at  lunch- 
eon on  Thursday  to 
consider  routine  bus- 
iness and  to  perfect 


1082 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  11 


plans  for  the  spring  meeting  in  New  York.  It  was  found  neces- 
sary, however,  to  hold  an  adjourned  meeting  after  the  afternoon 
session  of  the  Society.  The  plans  for  the  New  York  meeting 
include  symposiums  on  the  rarer  metals  and  their  applications, 
under  the  direction  of  F.  M.  Becket,  and  on  electrode  potentials 
under  W.  G.  Horsch.  No  definite  date  was  fixed  for  the 
meeting,  pending  a  decision  of  the  date  of  the  New  Haven 
meeting  of  the  American  Chemical  Society. 

The  session  of  Thursday  afternoon  was  devoted  to  a  symposium 
on  "Industrial  Heating."  The  discussion  was  started  by  an  inter- 
esting study  of  the  broad  applications  of  electrical  heating,  by 
E.  F.  Collins.  The  changes  in  resistance  of  resistance  elements 
and  the  factors  controlling  these  changes,  as  brought  out  in  the 
papers  by  Hunter  and  Jones,  and  by  Williams,  were  intensely 
interesting  in  their  immediate  practical  applications. 

The  address  by  Dr.  A.  S.  Eve,  of  McGill  University,  on  "The 
New  Philosophy  of  Physics,"  was  delivered  Thursday  evening  in 
the  Macdonald  Physics  Building  of  the  university,  to  a  large  and 
interested  audience.  Einstein's  theory  of  relativity,  the  recent 
investigations  and  theories  of  subatomic  phenomena,  and  the 
effect  of  these  on  scientific  thought,  formed  the  subject  of  a  most 
interesting  address  accompanied  by  illustrative  experiments.  An 
instrument  for  making  visible  the  bombardment  of  alpha 
particles  and  showing  the  influence  of  a  magnetic  field  upon 
them  was  seen  by  many  visitors  after  the  lecture. 

The  electric  heating  symposium  was  continued  on  Friday 
morning,  and  special  interest  was  shown  in  the  discussion  of 
electric  steam  generators,  in  view  of  the  possibility  of  their  use  to 
balance  phases  in  otherwise  unbalanced  electric  circuits.  The 
insistence  of  power  companies  on  the  use  of  an  equal  amount  of 
power  from  each  phase  of  the  circuit  is  becoming  a  serious  con- 
sideration with  many  consumers,  and  the  belief  was  expressed 
that  the  generation  of  steam  would  furnish  a  satisfactory  method 
of  using  idle  phases. 

The  papers  presented  Friday  afternoon  covered  a  variety  of 
subjects,  including  a  simple  aluminium  melting  furnace  for  small 
charges,  the  electrolytic  oxidation  of  isoeugcnol,  the  manufacture 
of  carbon  bisulfide,  the  use  of  the  terms,  "electrosmosis"  and 
"electrophoresis,"  preparation  of  perchlorates  by  heating 
chlorates,  changes  in  the  resistances  of  varnishes  during  drying, 
especially  with  reference  to  electric  machinery  insulation,  and  the 
action  of  arcs  on  liquid-insulating  compounds. 

On  Saturday  special  cars  took  the  party  to  Shawinigan  Falls, 
where  the  power  plant  of  the  Shawinigan  Water  and  Power  Co., 
the  paper  plant  of  the  Belgian  Industrial  Co.,  and  the  furnaces 
of  the  Canadian  Carbide  Company  were  inspected.  Luncheon 
on  the  lawn  of  the  Cascades  Inn  filled  the  short  time  remaining 
until  it  was  necessary  to  take  the  train  back  to  Montreal. 


Calendar  of  Meetings 

Association    of    Official    Agricultural    Chemists — 38th    Annual 

Convention.  Washington,  D.  C  ,  November  15  to  17,  1922. 
American    Institute    of    Chemical   Engineers — Richmond,    Va., 

L)cccnil>cr  7  and  8,  I<»22. 
American  Ceramic  Society— Annual  Meeting,   Pittsburgh,  Pa., 

February  12  to  17,  192.3. 
American  Chemical  Society — 0.'5tli  Meeting,  New  Haven,  Conn., 

April  3  to  7.  1923. 


Howard  N.  Potts  Medal 

At  a  recent  meeting  of  the  Committee  on  Science  and  the 
Arts  of  The  Franklin  Institute,  an  award  of  the  Howard  N.  Potts 
Medal  was  granted  to  Dr.  Charles  Raymond  Downs  and  Mr. 
Jiilin  Morris  Weiss  of  New  York,  "in  consideration  of  their 
imtable  achieveinint  in  the  scientific  and  commercial  develop- 
ment for  the  catalytic  vapor  phase  oxidation  of  benzene  to  maleic 
icid.  and  their  piom-tr  work  in  developing  a  commercial  process 
lor  changing  aromatic  to  aliphatic  compounds." 


Meeting  of  the  British  Association  for 
the  Advancement  of  Science 

This  meeting  furnishes  about  the  only  opportunity  during  the 
year  for  British  scientists  to  get  together;  the  only  other  general 
meetings  lasting  for  more  than  one  day  are  those  of  the  British 
Medical  Association  and  the  Society  of  Chemical  Industry. 
Therefore,  for  other  than  technical  chemists,  this  is  the  one  op- 
portunity to  hear  fellow  investigators,  who  reside  in  different 
localities,  present  and  discuss  papers. 

The  attendance  this  year — September  6  to  13,  1922 — is  re- 
ported as  about  1800.  The  meeting  is  spread  over  a  longer 
period  than  are  the  meetings  of  the  American  Chemical  Society. 
I-'ewer  papers  are  on  the  program  of  each  section,  and  more  time 
is  allowed  for  each  and  for  the  discussion,  which  is  more  exten- 
sive than  at  the  meetings  of  the  Society. 

In  the  Chemistry  Section,  the  program  for  the  first  session 
was  made  up  of  President  Irvine's  address  and  three  papers 
from  his  laboratory,  followed  by  a  vote  of  thanks  to  Professor 
Irvine  moved  by  Sir  Edward  Thorpe. 

The  address  of  Sir  William  H.  Bragg  at  noon  attracted  a 
large  crowd.  He  is  evidently  one  of  the  bright  lights  of  British 
science  at  present.  He  reviewed  the  underlying  principles  em- 
ployed in  studying  the  structure  of  crystals,  describing  the 
"unit"  of  crystal  structure,  which  is  the  smallest  particle  that 
still  retains  the  properties  of  the  whole  crystal.  The  number  of 
molecules  present  in  this  unit  can  be  determined  by  X-rays. 
The  dimensions  of  the  crystal  unit  can  be  estimated  from  the 
relative  intensities  of  the  spectra.  These  data  form  the  basis 
for  interpreting  the  actual  structure  of  the  crystal.  He  also 
described  some  of  the  newer  studies  made  upon  crystals  of  or- 
ganic compounds  such  as  tartaric  acid. 

In  the  afternoon  there  was  a  symposium  on  photosynthesis, 
held  jointly  with  the  Botany  Section.  The  discussion  which 
followed  the  papers  was  quite  animated  and  brought  out  notable 
differences  of  opinion  in  regard  to  photosynthesis. 

On  Friday  there  was  a  vitamin  symposium  before  the  Physio- 
logical and  Agricultural  Sections.  The  paper  by  J.  C.  Drum- 
mond  was  quite  noteworthy.  A  matter  of  particular  interest 
is  that  he  has  traced  the  source  of  vitamin  A,  contained  to  such 
a  large  degree  in  cod-liver  oil,  and  has  found  that  the  lowest 
marine  plants,  the  diatoms,  contain  vitamin  A  and  evidently 
have  the  power  of  synthesizing  it.  These  green  plants  form  the 
food  of  plankton,  and  these  in  turn  are  the  food  of  the  smaller 
fish,  and  these  of  the  larger  fish  such  as  the  cod,  which  store 
this  vitamin  A  in  their  livers.  He  has  studied  the  method  used 
in  Norway  of  preparing  cod-liver  oil  for  the  market,  and  finds 
no  noteworthy  destruction  of  the  vitamins  in  the  process. 

Hydrogenation  of  0ns 

The  paper  which  appeared  to  be  of  most  interest  on  Monday 
was  the  hydrogenation  paper  by  E.  R.  Bolton.  The  effect 
of  hydrogenation  is  twofold:  (1)  to  make  solid  fat  from  liquid, 
and  (2)  to  remove  impurities.  The  actual  weight  of  hydrogen 
involved  is  small  but  it  occupies  a  considerable  volume,  and  this 
introduces  difficulties  into  the  process.  It  is  a  question  whether 
it  is  better  to  transport  the  oil  to  the  locality  where  the  hydrogen 
can  be  best  produced,  or  vice  versa. 

The  most  important  consideration  in  the  life  of  the  catalyst 
is  the  purity  of  the  oil  treated.  The  crude  oil  is  reeking  with 
impurities  which  can  be  easily  removed,  and  preliminary  puri- 
fication is  more  economical  than  rapid  destruction  of  catalyst. 
The  fact  that  many  manufacturers  are  really  purifying  their 
oil  by  the  hydrogenation  process  and  at  the  expense  of  the  cata- 
lyst, instead  of  by  cheaper  methods,  was  pointed  out.  Nickel 
is  the  catalyst  universally  employed;  others  cannot  compete 
with  it.  It  is  stated  that  the  lower  the  temperature  of  reduction 
of  the  nickel,  the  greater  the  activity  of  the  catalyst,  but  the 
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more  susceptible  it  is  to  poisons.  Conversely,  a  catalyst  pro- 
duced at  high  temperature  lasts  longer,  but  acts  more  slowly 
in  hydrogenation  of  the  oil.  In  the  purification  of  the  oil,  the 
removal  of  moisture  is  important.  The  recovery  of  the  catalyst 
and  reactivation  is  very  costly,  and  is  usually  found  unprofitable. 
Bolton  and  his  coworkers  have  been  attempting  to  develop  a 
catalyst  which  can  be  easily  recovered  and  reactivated,  and  thus 
form  a  capital  investment  of  the  process,  rather  than  a  continual 
loss.  They  use  nickel  wool  or  fine  nickel  wire,  and  activate 
by  first  immersing  in  nitric  acid  to  yield  a  nickel  nitrate  coating, 
ignite  in  a  stream  of  hydrogen  for  reduction,  and  then  immedi- 
ately place  under  oil  to  prevent  loss  of  activity  until  ready  for 
use.  The  commercial  use  of  this  catalyst  has  not  been  perfected, 
but  they  are  using  such  a  catalyst  successfully  at  present  for 
a  quick  laboratory  test  of  the  hydrogenating  capacity  of  given 
samples  of  oil.  They  have  found  that  the  rate  of  poisoning  of 
the  catalyst  by  hydrogen  sulfide  is  inversely  proportional  to  the 
weight  of  nickel  present,  and  not  a  function  of  the  surface  of 
catalyst.  They,  therefore,  think  it  is  better  to  use  a  larger 
proportion  of  catalyst  to  oil  than  others  use,  especially  those 
who  make  no  attempts  to  recover  catalyst,  and  therefore  charge 
up  so  much  loss  of  nickel  per  ton  of  hydrogenated  oil.  They 
are  working  on  an  automatic  process  involving  a  device  to  auto- 
matically stop  the  flow  of  oil  into  the  apparatus  when  the  cata- 
lyst becomes  ineffective.  This  is  being  operated  by  change 
of  pressure  of  the  hydrogen  resulting  from  nonabsorption  of  the 
gas.  The  difficulties  so  far  encountered  result  from  hydrogen 
leaks. 

Bolton  believes  that  improvements  of  this  hydrogenation 
process  by  engineering  skill  directed  toward  more  effective 
stirring,  or  mechanical  aids,  are  much  less  effective  than  work 
on  the  chemical  features  of  the  process.  He  thinks  that  eventu- 
ally a  process  will  be  developed  for  automatic  hydrogenation 
to  a  given  degree,  by  simply  setting  a  dial  to  the  figure  desired 
and  then  starting  the  process.  He  has  observed  that  hydrogen 
under  pressure  in  contact  vrith  oil  dissolves  to  a  great  extent 
even  without  stirring.  Such  oil  when  drawn  off  yields  up  its 
gas  by  evolution  like  carbonated  water. 

Nitrogen  Fixation 

On  Tuesday  the  principal  nitrogen  paper  was  read  by  J.  A. 
Harker,  who  gave  a  brief  review  of  the  status  of  each  of  the  three 
common  processes  now  in  use.  (1)  In  describing  the  arc  process, 
he  left  the  impression  that  on  account  of  its  low  efficiency,  diffi- 
culties in  connection  with  cooling  and  removing  nitrogen  tetrox- 
ide,  and  possibilities  of  explosions,  this  process  has  no  great 
future  in  the  world's  production  of  fixed  nitrogen.  The  French 
works  based  on  this  process  are  closed,  owing  to  need  of  convert- 
ing the  power  to  other  purposes.  (2)  The  Claude  synthetic 
ammonia  process  seemed  to  have  made  a  favorable  impression 
and  the  speaker  was  fairly  optimistic  of  success  along  this  line. 
(3)  The  cyanamide  process  is  the  largest  producer  of  fixed 
nitrogen  and  now  furnishes  it  in  the  cheapest  form.  Mr. 
Harker  stated  that  Germany  is  at  present  greatly  expanding 
her  production  by  the  cyanamide  process.  He  evidently  pins 
more  faith  to  this  than  to  the  others.  He  referred  to  the  develop- 
ment of  PhospJiozole,  a  combination  of  cyanamide  and  phos- 
phate recently  made  in  Switzerland,  Italy,  and  France,  and  used 
largely  in  France.  It  contains  11  per  cent  of  urea  nitrogen  and 
11  per  cent  available  phosphate.  The  cyanide  (Bucher)  process 
was  claimed  to  involve  excessive  costs,  .and  the  reactions  found 
to  be  more  complex  than  was  originally  supposed.  Harker 
closed  with  a  very  powerful  warning  in  regard  to  Germany's 
commanding  position  in  regard  to  nitrogen,  and  intimated  that 
the  provisions  of  the  peace  treaty  are  not  being  enforced  with 
respect  to  permitting  this  enormous  development  on  the  part 
of  Germany  of  excessive  supplies  of  nitrogen  for  fertilizers  and 


munitions.  He  said  that  Germany  now  produces  enough  to 
supply  all  her  needs  for  agriculture,  whereas  in  1913  one-half  of 
that  consumed  by  her  was  imported. 

Atiihrton  Seiobli. 
London 


Spring  Meetiiif^  of  American  Chemical 
Society 

The  final  date  for  the  spring  meeting  of  the  American  Chbu- 
ICAL  Society  at  New  Haven,  Conn.,  has  been  set  for  April  2  to  7, 
1923.  This  date  was  decided  upon  jointly  by  the  New  Haven  and 
Connecticut  Valley  Sections  of  the  Society  and  the  Yale  Cor- 
poration, and  has  been  approved  by  the  national  officers  of  the 
Society.  The  Yale  Corporation  has  voted  to  dedicate  the  new 
Sterling  Chemical  Laboratory  on  Wednesday,  April  4. 

The  Executive  Committee,  chosen  by  the  two  Sections,  of 
which  Prof.  Treat  B.  Johnson  of  Yale  University  is  chairman, 
has  had  several  meetings,  and  work  is  well  under  way  in  prepa- 
ration for  the  meeting.  The  following  committee  chairmen 
have  been  chosen: 

Program:   T.  B.  Johnson 

Finance:   J.  S.  Gravely 

Dedication:   John  Johnston 

Arrangement:    A    J.  Hill 

Registration:    Blair  Saxton 

Hotels  and  Transportation:    Ralph  Lanclry 

Smoker:    P.  T.  Waldbn 

Reception  and  Entertainment:    C.  H.  Matthbwson 

Publi-ity   W.  T.  Rkad 

Ladies'  Entertainment:    Mrs.  John  Johnston 

Communications  will  reach  committee  chairmen  best  if  sent 
to  A.  C.  S.  Headquarters,  Room  157,  Sterling  Chemical  Labora- 
tory, New  Haven,  Conn. 


Chemical  Society  Meetings,  1922-1923 

Rumford  Hall,  The  Chemists'  Club,  New  York  City 


October  13: 
October  20: 


November  10: 


November  17: 
December  1 : 
December  8: 
January  5: 
January  12: 

February  9 : 


March  23: 
April  20: 


May  4 : 
May  11: 


May  18: 
June  8: 


Societe  de  Chimie  Industrielle. 

Society  of  Chemical  Industry.  Crasselli  Medal 
Award. 

American  Chemical  Society.  Joint  Meeting 
with  Society  of  Chemical  Industry,  American 
Electrochemical  Society,  and  Societe  de  Chimie 
Industrielle. 

American    Electrochemical    Society. 

Society  of  Chemical  Industry. 

American  Chemical  Society. 

American  Chemical  Society. 

Society  of  Chemical  Industry.  Perkin  Medal 
Award. 

American  Electrochemical  Society.  Joint  Meet- 
ing with  Society  of  Chemical  Industry,  Soci6t6 
de  Chimie  Industrielle,  and  American  Chemical 
Society. 

American  Chemical  Society.  Nichols  Medal 
.Award. 

Society  of  Chemical  Industrj'. 

Society  of  Chemical  Industry.  Joint  Meeting 
with  American  Electrochemical  Society,  Society 
de  Chimie  Industrielle,  and  American  Chemical 
Society. 

American  Chemical  Society. 

Societe  de  Chimie  Industrielle.  Joint  Meeting 
with  American  Chemical  Society,  American 
Electrochemical  Society,  and  Society  of  Chem- 
ical Industry. 

Society  of  Chemical  Industry. 

American  Chemical  Society. 
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NOTES  AND  CORRESPONDENCE 


Note  on  Jell  Strength  and  Viscosity 
of  Gelatin  Solutions 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  their  very  interesting  paper  on  "Jell  Strength  and  Viscosity 
of  Gelatin  Solutions."  Oakcs  and  Davis  (This  Journal,  14, 
(1922),  706]  say:  "As  no  data  on  the  'skin  effect'  were  given  by 
Alexander,  this  point  was  investigated."  They  then  give 
results  that  show  that  16Vj  P^t  cent  solutions  of  gelatin,  when 
heated  to  60°  C,  allowed  to  cool  (time  and  all  conditions  not 
stated)  to  25°-30°  C,  and  then  chilled  in  a  thermostat  at  21° 
C,  for  16  hrs.,  did  not  form  a  skin  that  increased  the  jeUy 
strength.  In  fact,  with  a  sample  that  had  a  chance  to  form  skin 
they  obtained  a  jelly  strength  of  490  g.,  while  when  skin  formation 
was  prevented  by  toluene,  the  jelly  strength  was  500  g. 

This  shows  that  under  the  conditions  they  used,  skin  was 
not  a  factor,  but  it  is  hardly  an  investigation  of  the  whole  point. 
In  testing  25  to  30  per  cent  solutions  of  glue  at  80°  C,  espe- 
cially if  the  air  is  dry  and  the  room  drafty,  a  very  serious  error 
may  be  introduced  by  skin  unless  precautions  are  taken  to  avoid 
it.  I  gave  no  data  on  skin  because  it  may  be  avoided  by  care 
or  provided  ad  lib.  by  carelessness. 

Krom  the  results  of  Oakes  and  Davis,  it  seems  that  two  fac- 
tors are  by  their  variation  mainly  responsible  for  the  disparities 
between  the  viscosity-jelly  strength  ratios  of  different  gela- 
tins and  glues:  (1)  hydrogen-ion  concentration,  or  effective 
reaction  usually  expressed  by  the  pH  value,  which  is  Sorensen's 
logarithmic  notation,  (2)  the  ash.  Oakes  and  Da\-is  speak  only 
of  the  percentage,  but  the  composition  of  the  ash  is  also  of  im- 
portance, for,  as  C.  R.  Smith  has  shown,  calcium  exerts  a  more 
powerful  influence  than  sodium.  This  is  another  instance 
where  we  are  beginning  to  recognize  the  importance  of  "im- 
purities." 

The  authors  further  state:  "Since  there  is  probably  no  gelatin 
that  is  not  made  up  of  a  series  of  the  products  of  hydrolysis  of 
the  original  tissue,  no  gelatin  can  have  what  may  be  called  a 
molecular  weight.  What  is  determined  is  the  mean  molecular 
weight  of  all  the  various  fractions  making  up  the  gelatin  sample." 
They  then  report  experiments  showing  that  low-grade  gelatins 
take  more  acid  to  bring  their  pH  value  from  4.7  to  3.5  than  do 
higher  grade  gelatins,  and  believe  this  indicates  a  lower  molec- 
ular weight  for  the  low  grades.  Unfortunately  they  fail  to 
report  the  ash  content  of  the  several  gelatins  used,  the  impor- 
tance of  which  they  had  just  pointed  out.  Since  T.  B.  Robert- 
son reported  that  profoun<l  hydrolysis  does  not  materially  affect 
the  acid-fixing  capacity  of  a  gelatin,  and  since  low  grades  have 
usually  more,  and  perhaps  different,  ash  from  higher  grades,  it 
may  tie  that  the  differences  found  by  Oakes  and  Davis  were  in 
part  due  to  ash. 

Oakcs  and  Davis  believe  that  the  existence  of  a  maximum  at 
pH  3.5  on  the  viscosity-pH  curve  indicates  the  formation  of  a 
(presumably  chemical)  compound.  A.  Kuhn'  has  shown,  how- 
ever, as  the  result  of  experiments  with  over  fifty  aliphatic  and 
.iromatic  acids,  that  the  swelling  of  gelatin  in  acid  depends  on 
four  factors: 


(A)      1 — Hydration  or  simple  swcUinK 

(2 — Sol  formation 
3 — Hydrolysis 
(C)     4 — Dehydration  or  salting  out 


anced  by  sol  formation  and  hydrolysis.  Since  viscosity  of  gel- 
atin is  dependent  upon  the  state  of  swelling  or  aggregation  of 
its  particles,  the  existence  of  a  viscosity  maximum  is  no  proof 
of  the  formation  of  a  chemical  compound.  Kuhn  could  not  de- 
cide between  that  and  adsorption.  Similarly,  the  increase  in 
viscosity  when  acid  is  added  to  isoelectric  gelatin  does  not  nec- 
essarily indicate  the  formation  of  a  gelatin  "salt,"  as  the  authors 
say. 

Oakes  and  Davis,  in  common  with  many  other  authors  in- 
cluding J.  Loeb,  make  the  mistake  of  plotting  unit  differences  in 
pH  value  by  equal  increments  on  the  coordinate  axes,  the  result 
being  curves  that  are  logarithmically  compressed.  In  express- 
ing H-ion  concentration  by  Sorensen's  convenient  symbol,  we 
must  remember  that  it  is  not  an  arithmetical  but  an  inverse 
logarithmic  value,  deprived  of  its  minus  sign,  thus: 

Number  of  times  the 
acidity  (or  alkalinity) 
exceeds  that  of  pure 
pH  value  water 

1 1.000,000 

2 100.000 

3 10.000 

4 1.000 

5 100 

6 10 

7 0" 

8 10 

9 100 

10 1,000 

'  Pure  water.     H-  and  QH-ion  concentration  each  equal  to  10  ^  iiiols  per 
liter. 

The  table  also  shows  that  the  isoelectric  point  of  gelatin 
fpH  4.7)  represents  a  very  slight  acidity.  While  conduc- 
tivity water  shows  pH  7.  ordinary  distilled  water  shows  pH 
5.5  mainly  because  of  absorbed  carbon  dioxide,  and  0.01  N  hy- 
drochloric acid  shows  pH  2.02.  If  logarithmic  paper  is  used 
then  pH  values  may  be  plotted,  but  it  is  dangerous  practice  to 
express  results  in  curves  that  are  logarithmically  distorted. 

Jerome  Alexander 

Ni!w  York.  N.  Y. 
Aupust  ,'),  1922 


(B) 


Some  Facts  of  Interest  to  the  Users  of 
Phthalic  Anhydride 

Editor  of  the  Journal  of  Industrtal  and  Engineering  Chemistry: 

Users  of  phthalic  anhydride  who  have  noted  a  recent  series 
of  advertisements  published  by  the  Selden  Company  of  Pitts- 
burgh in  various  chemical  trade  journals  to  the  effect  that: 

Any  person  or  persons  producing,  buying  or  using  Phthalic 
Anhydride  of  this  quality  (melting  at  130.0°  or  above)  other  than 
that  which  is  produced  by  The  Walker  Chemical  Company  of 
Pittsburgh.  Pa.,  are  infringing  on  U.S.  Patent  No.  1,.336,132  and 
lay  themselves  liable  to  suit  for  infringement. 

will  be  interested  in  a  recent  ruling  by  the  United  States  Patent 
Office  which  declares,  in  effect,  that  the  above-mentioned  patent' 
is  invaUd. 

That  this  patent,  which  claims: 

1 — As  an  article  of  manufacture,  phthalic  anhydride  being 
substantially  chemically  pure  and  having  a  melting  point  above 
130°  C.  (corrected). 

2 — As  an  article  of  manufacture,  phthalic  anhydride  in  the 
form  of  colorless  needle-like  crystals  substantially  chemically 
pure  and  having  a  melting  point  above  130°  C.  (corrected). 


The  maximum  is  reached  when  the  swelling  factor  is  overbal- 

>  KMoidchtm    BrihefH.  1911. 


'U.S.  Patent  No.  1 .336. 132  was  granted  to  C.  E.  Andrews  of  the  Seldea 
Company  of  Pittsburgh  on  April  6.  1920  (application  6led  October  14.  1919). 


Nov.,  1922 
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could  not  be  sustained  has  been  evident  from  the  first  to  those 
familiar  with  the  facts  concerning  the  history  of  the  preparation 
and  properties  of  pure  phthalic  anhydride.  Since  these  have 
been  discussed  in  detail  by  Gibbs,-  and  amplified  by  Bebie,' 
no  complete  r6sum6  need  be  given  here.  That  phthalic  anhydride 
substantially  chemically  pure,  and  melting  above  130°  C,  is  no 
novelty,  is,  however,  evident  from  the  fact  that  E.  vandeStadt, 
working  in  collaboration  witli  Prof.  Bakhuis  Roozeboom  in 
Amsterdam,  prepared  and  described  as  early  as  1901*  phthahc 
anhydride  substantially  chemically  pure  and  melting  at  131.2°. 
As  was  mentioned  by  Gibbs,-  van  de  Stadt's  investigation  has 
been  overlooked  by  the  compilers  of  the  standard  treatises  on 
organic  chemistry,  and  I  was  unaware  of  its  existence  at  the  time 
of  publication  of  my  work  carried  out  in  the  Color  Laboratory  of 
the  Bureau  of  Chemistry.' 

At  the  request  of  the  Department  of  Agriculture,  which  de- 
sired to  protect  its  cooperators  on  the  phthalic  anhydride  process 
(of  which  The  Walker  Chemical  Company  was  one)  from  the 
monopoly  which  the  Selden  Company  was  attempting  to  create, 
I  filed  patent  application  on  the  same  subject  (Serial  No.  520,001). 
This  application  was  drawn  in  form  identical  with  that  of 
Andrews,  but  was  assigned  to  the  American  people.  Portions  of 
the  ruling  of  the  Patent  Office  on  this  apphcation  are  as  follows: 

The  Commissioner  (of  Patents)  has  refused  to  declare  an  inter- 
ference, under  the  provisions  of  Rule  95. 

Rule  95  of  the  Rules  of  Practice  in  the  United  States  Patent 
Office  provides,  in  part,  that 

In  case  the  subject  matter  in  controversy  has  been  patented  to 
one  of  the  parties  but  is  deemed  by  the  Examiner  not  to  be  pat- 
entable, he  shall  call  the  case  to  the  attention  of  the  Commissioner, 
who  may  direct  the  declaration  of  the  interference. 

The  ruling  further  states: 

The  claims  are  rejected  as  lacking  invention  over  the  article  in 
Zeitschriftfiir  Physikalische  Chemie,  Vol.  41,  pages  353, 359  (1902), 
wherein  is  shown  phthalic  anhydride  melting  at  131.2°. 

Presumably  the  patent  examiners  were,  naturally,  unaware 
of  the  existence  of  van  de  Stadt's  investigation  at  the  time  of 
granting  of  the  Andrews'  patent,  since  this  article  has,  as  was 
previously  mentioned,  been  overlooked  in  the  standard  treatises. 
This  present  ruling  by  the  Patent  Office  is,  however,  a  clear 
statement  that  the  article  by  van  de  Stadt  cited  constitutes  an 
anticipation  of  the  subject  matter  of  my  application,  and  since 
my  application  was  an  exact  duplicate  of  that  of  Andrews,  this 
ruling  must  apply  to  the  latter. 

The  Selden  Company  has  made  anotiier  illuminating  state- 
ment in  its  advertisements — namely,  that 

Phthalic  anhydride  produced  commercially  under  U.  S.  Patent 
No.  1,284,888"  does  not  have  a  melting  point  of  130.0°  Centigrade. 

This  shows  that  the  Selden  Company  is  not  correctly  informed 
on  the  full  development  of  the  Gibbs'  process,  covered  by  the 
patent  mentioned.  Phthalic  anhydride  of  this  degree  of  purity 
is  produced  directly  by  other  cooperators  on  this  work;  the  con- 
clusion one  naturally  draws  from  this  statement  is  that  neither 
the  Selden  Company  nor  The  Walker  Chemical  Company  has 
perfected  this  process  to  as  high  a  degree  as  have  others. 

Finally,  two  statements  made  by  Andrews,'  in  what  purports 
to  be  a  reply  to  Gibbs,*  cannot  be  permitted  to  stand  uncorrected. 
Andrews  states: 

'  This  Journal,  12  (1920),  1017. 

'Ibid.,  13  (1921),  91. 

'  "Barnsteenzuuranhydride  En  Phthaalzuuranhydride  io  hun  gedrag 
tegenover  water,"  Dissertation,  Amsterdam,  J.  H.  de  Bussy,  1901.  "Bem- 
steinsaure-und  Phthalsaure-anhydrid  in  ihrem  Verhalten  gegenuber 
Wasser,"  Z.  physik.  Chem.,  41  (1902),  353. 

»  This  Journal.  11  (1919),  1116. 

•  U.  S.  Patent  1,284,888.  "Process  for  Manufacturing  Phthalic  Anhy- 
dride. Phthalic  Acid,  Benzoic  Acid  and  Naphthaquinone."  H  D.  Gibbi 
and  C.  Conover.     Issued  November  12,  1918. 

'  This  Journal,  13  (1921),  167. 


It  can  be  definitely  proved  that  this  original  anliydride'  was 
a  sample  of  the  anhydride  produced  as  described  in  the  patent 
under  discussion  (U.  S.  Patent  1,330,182)  and  sent  to  the  Color 
Investigation  Laboratory  of  the  Bureau  of  Chemistry  fur  investi- 
gational purposes. 

and 

It  has  been  shown  that  Monroe  tarried  out  his  work  with  ma- 
terial made  according  to  U.  S.  Patent  1,330,182,  which  is  the  one 
under  discussion. 

The  conclusion  one  naturally  draws  from  these  bald  state- 
ments, namely,  that  the  material  used  in  my  work  was  the 
exclusive  product  of  The  Walker  Chemical  Company,  is  entirely 
false.  Tlie  anhydride  used  in  this  work  included  samples  of 
the  products  of  two  co6perators  on  the  air-oxidation  process 
(of  which  The  Walker  Chemical  Company  was  one)  and  of  one 
firm  using  a  chromic  acid  oxidation  process.  Perhaps  the  most 
charitable  assumption  in  regard  to  these  very  singular  statements 
of  Mr.  Andrews  is  the  unlikely  one  that  he  was  unaware  of 
the  cooperation  of  other  firms  than  The  Walker  Chemical 
Company. 

Kenneth  P.  Monroe 

Pknns  Grovs,  N.  J. 

June  21,  1922 


Bibliography  and  Research 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  August  25,  1922,  issue  of  Science  contains  an  article  on 
"The  Record  of  Science,"  by  W.  W.  Bishop,  librarian  of  the 
University  of  Michigan.  The  text  chosen  for  this  article  is, 
"Bibliography  is  the  foundation  of  research."  This  statement 
could  not  come  from  any  man  better  qualified  to  know  the  value 
of  bibliographical  aid  in  research.  Mr.  Bishop  points  out  the 
increasing  tendency  of  the  present  time  to  depend  more  upon  the 
records  of  laboratory  observation  than  upon  the  records  of 
science  to  further  our  research  work. 

A  comparison  of  the  amount  of  funds  spent  in  research  fellow- 
ships and  funds  specially  devoted  to  research  laboratories,  with 
the  amounts  spent  in,  or  on,  the  book  sciences,  bears  out  Mr. 
Bishop's  statement  that  present-day  research  investigations 
are  carried  on  on  the  basis  of  observation  in  the  laboratory, 
with  little  or  no  regard  for  the  records  of  science. 

An  examination  of  the  revised  edition  of  "Research  Labora- 
tories in  Industrial  Establishments  in  the  United  States,"  pub- 
Ushed  by  the  National  Research  Council  in  1921,  shows  that  there 
are  526  institutions  with  research  staffs  and  laboratories  for  in- 
vestigations in  the  physical  and  chemical  sciences,  and  the  list  of 
the  amounts  spent  on  research  shows  that  there  are  565  funds 
available  for  research  in  all  branches  of  the  science  except  the 
"book  sciences."  These  565  funds  are  reported  to  yield  annually, 
in  round  numbers,  over  $22,000,000.  In  neither  publication 
is  there  any  mention  made  of  fimds  or  laboratories  in  the  "book 
sciences."     Yet  bibUography  is  the.  foundation  of  research! 

Perhaps  the  most  signal  attempt  at  arriving  at  a  "drive" 
for  endowments  for  laboratories  of  "book  sciences,"  is  the  work 
of  the  Pittsburgh  Section  of  the  American  Chemical  Society. 
The  energies  of  this  body  of  men,  working  for  a  period  of  several 
months,  finally  amoimted,  in  dollars  and  cents,  to  $2500.  The 
September  issue  of  Tms  JotmNAi.  reported,  in  an  article  on  the 
industries  of  Pittsburgh,  that  the  industrial  capital  invested 
in  the  Pittsburgh  District  amounted  to  $3000,000,000.  If 
bibUography  is  the  foundation  of  research,  and  real  thinkers 
tell  us  it  is,  research  in  the  "Workshop  of  the  World"  must  be 
on  a  pretty  poor  foundation,  if  $2,500  is  the  sum  forthcoming 
from  an  area  representing  invested  capital  of  $3,000,000,000. 

'  The  anhydride  which  was  the  source  of  the  purified  material  used  io 
my  work  in  the  Color  Laboratory  of  the  Bureau  of  Chemistry. 
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If  Pittsburgh  stood  alone  on  its  poor  foundation  for  research, 
we  might  let  the  fact  pass  by  unnoticed.  It  has  a  lot  of  company 
throughout  the  United  States. 

An  extract  from  Principal  Irvine's  address  before  the  British 
Association  for  the  Advancement  of  Science  in  June  shows  that 
across  the  sea  a  similar  idea  is  gaining  impetus. 

Among  the  more  specific  problems  which  confront  this  Board 
are  the  following; 

1 — The  creation  of  research  libraries  where  reference  works 
can  be  consulted  immediately. 

2 — The  provision  of  publication  grants,  so  that  where  no  peri- 
odical literature  is  available  the  work  will  not  remain  buried  or 
obscure. 

.3 — The  allocation  of  traveling  grants  to  enable  workers  to 
visit  libraries,  to  inspect  manufacturing  processes,  and  to  attend 
the  meetings  of  scientific  societies. 

Now  if  an  Englishman,  who  is  rarely  further  away  from 
London  or  Paris  than  a  few  hours'  train  ride,  with  the  wonderful 
resources  available  at  either  place,  thinks  that  it  is  advisable, 
in  the  interest  of  research,  to  suggest  "the  allocation  of  traveling 


grants  to  enable  workers  to  \'isit  libraries,"  then  there  must  be 
something  in  the  statement  that  "bibliography  is  the  founda- 
tion of  research" — yet  Americans  several  days  away  from 
New  York,  Chicago,  or  Washington,  still  prefer  either  to  depend 
upon  the  mail  or  do  without. 

Why  not,  then,  arouse  sentiment  in  the  industrial  world  for 
furthering  the  establishment  of  endowments  for  laboratories 
of  "book  sciences"  and  fellowships  in  bibliographical  work,  or — ■ 
as  I  choose  to  term  it — ^research  "fact-oring,"  for  bibliographical 
work  is  searching  for  facts? 

K.  C.  Walker 

Pittsburgh,  Pa. 
September  27,  1922 


Present  Practice  of  Dynamite  and  Chemically 
Pure  Glycerol  Distillation — Correction 

Footnote  one  in  the  article  under  the  title  above  [This  Jodr- 
NAL,  14   (1922),  487)  should  be  corrected  to  read: 

"Patent  pending,  Serial  No.  4.50.998,  William  Garrigue   &  Company." 


PARIS  LETTER 


By  Cbarlbs  Lormand,  4  Avenue  de  I'Observatoire,  Paris,  France 


The  French  chemical  industry  is  slowly  returning  to  normal 
conditions.  Nevertheless,  it  is  still  having  difficulties  because  of 
the  high  rates  on  the  French  railroads  for  the  transportation  of 
raw  materials. 

In  factories  of  such  large  chemical  industries  as  the  manu- 
facture of  sulfuric  acid  and  of  superphosphates,  about  50,000 
tons  of  raw  materials  are  necessary,  a  large  part  of  which  con- 
sists of  pyrites,  phosphates  from  Tunis,  and  coal,  which  has  to 
come  from  the  port  to  the  factory  by  railroad.  The  cost  of 
transportation  of  these  raw  materials  is  about  .30  per  cent  of 
the  amotmt  of  the  factory  business,  even  exceeding  the  salaries 
of  the  officials. 

These  rates  are  imposed  by  the  railroad  companies  in  order  to 
meet  their  financial  obligations,  but  they  arc  heavily  burdening 
all  the  industries,  especially  the  chemical  industry.  Some  of 
these  are  already  thinking  of  moving  their  factories  from  the 
interior  near  to  the  ports  where  the  raw  materials  arrive,  thus 
putting  upon  the  buyers  the  cost  of  transportation  of  the  finished 
products. 

Potash 

It  was  recently  announced  in  France  that  the  committee  of 
the  two  Houses  at  Washington  had  decided  to  strike  off  the 
duty  on  potash.  This  decision  must  have  been  taken  following 
the  announcement  that  an  agreement  had  been  made  between 
the  French  and  German  potash  societies.  We  have  already 
written  concerning  the  preliminary'  conferences  for  the  purpose 
of  such  an  agreement,  which  has  not  yet  been  completed. 

In  1919,  the  producers  of  German  potash  thought  they  would 
have  to  compete  with  the  French  producers  in  Alsace,  and  be- 
cause the  capacity  for  production  in  the  German  basin  is  greater 
than  in  the  one  in  Alsace,  the  German  industries  tried  to  form 
a  trust  with  the  Alsatian  producers,  in  which  the  latter  would 
have  only  a  10  per  cent  interest.  We  have  already  spoken  of 
the  efforts  made  by  Alsatian  producers  to  increase  their  produc- 
tion so  as  to  be  formidable  rivals  of  the  Germaii  producers.  'The 
latter,  in  view  of  these  efforts,  began  a  competition  in  price  which 
the  Alsatians  were  able  to  combat,  in  spite  of  the  depreciation  of 
the  mark. 

The  (.criiKiii  proihircrs  are  considering  two  solutions — either 
an  alliance  \mi1i  .Alsatian  producers,  or  competition  which,  be- 
cause of  the  ivcli.Tn^c.  will  lead  to  the  destruction  of  the  Al- 
satian industry.  The  first  solution  is  possible  only  if  the  French 
government  approves,  when  the  exploitation  of  mines  project 
is  discussed  in  Parliament. 

The  present  price  of  German  pota'i'iium  chloride  is  132  fr.  30 
a  ton.  while  the  Al.satian  chloride  is  about  450  fr.  per  ton.  This 
large  difference  in  price  gives  the  German  potash  an  advantage 
in  exporting. 


Pyrex  Glass 

The  American  Chemical  Warfare  Service  in  France,  with  its 
well-equipped  laboratories,  began  to  extend  the  use  of  pyrex 
glass  in  our  country.  A  French  society  has,  since  1919,  had  the 
exclusive  selling  rights  of  this  American  glass.  In  view  of  this 
increase  in  consumption,  this  society  has  decided  to  construct 
in  France  a  factory  to  make  pyrex  glass  for  laboratories  and 
industry.  This  factor^'  will  be  erected  in  the  vicinity  of  Nemours 
in  the  Fontainebleau  region,  where  an  abundance  of  the  silica 
sand  necessary  for  the  manufacture  of  this  glass  is  found. 

Pure  Chemistry 

The  purely  chemical  accomplishments  have  not  been  many 
during  the  vacation  months.  I  have  told  you  of  Messrs. 
Franfais  and  Blanc,  who  have  succeeded  in  obtaining  iodobis- 
muthate  of  alkaloids  and  basic  nitrates — aniline,  pyridine, 
quinoline,  theobromine,  caffeine,  morphine,  codeine,  quinine, 
atropine,  arecoline.  sparteine.  These  iodobismuthates  have 
been  crystallized  and  make  possible  the  isolation  of  these  alkaloids. 

M.  Gabriel  Bertrand,  who  in  1912  at  the  Congress  of  Applied 
Chemistry  in  the  United  States  communicated  his  investiga- 
tions on  the  role  of  the  infinitely  small  in  agriculture,  especially 
of  manganese,  is  continuing  research  along  this  line.  He  has 
shown  the  presence  of  cobalt  and  nickel  in  vegetables.  The 
quantities  of  cobalt  found  in  the  vegetable  kingdom  vary  from 
O.OO.i  mg.  to  0.3  nig.  per  kg.  of  plants.  The  cobalt  has  been 
found  to  be  in  the  form  of  cobalt  nitrite. 

The  nickel  found  in  the  vegetable  kingdom  varies  in  amounts 
between  0.01  mg.  and  2  mg.  per  kg.  This  has  been  isolated  in 
the  form  of  dimethylglyoxime  and  of  sulfide. 

September  29,  1923 


A  committee  of  the  Salesmen's  Association  of  the  American 
Chemical  Industry,  of  which  Williams  Haynes  of  Drug  C''  Chem- 
ical Markets  is  chairman,  is  actively  investigating  the  relative 
merits  of  the  various  plans  suggested  for  the  Chemical  Exposi- 
tion and  has  sent  a  questionnaire  to  all  exhibitors  in  the  hope 
of  reaching  a  satisfactory  conclusion  on  the  matter. 


For  some  time  there  has  been  on  the  market  a  noninflammable 
motion  picture  film  made  of  acetate  cellulose  instead  of  the  usual 
nitrocellulose  or  celluloid.  Because  of  the  many  dangers  in- 
curred with  inflammable  films,  France  has  passed  a  law  whereby 
all  films  used  after  June  1925  must  be  of  noninflammable  stock. 
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Dr.  Stratton  Resigns 

By  the  resignation  of  Dr.  S.  W.  Stratton  as  Director  of  the 
Bureau  of  Standards  to  accept  the  presidency  of  the  Massachu- 
setts Institute  of  Technology  we  are  again  very  forcibly  reminded 
of  the  miserably  poor  salaries  the  Government  pays  its  employees 
and  especially  its  scientific  workers.  Secretary  Hoover  in  an- 
nouncing the  resignation  of  Dr.  Stratton  commented  as  follows: 

The  loss  of  Dr.  Stratton  as  head  of  the  Hureau  of  Standards  is  a  real  na- 
tional loss.  He  has  built  up  that  service  from  a  bureau  devoted  to  scien- 
tific determination  of  weights  and  measurements  to  a  great  physical  labo- 
ratory cooperating  with  American  industry  and  commerce  in  the  solution 
of  many  problems  of  enormous  value  to  industry,  which  the  commercial 
laboratories  of  the  country,  from  lack  of  equipment  and  personnel,  have 
been  unable  to  undertake. 

While  the  Massachusetts  Institute  of  Technology  is  to  be  congratulated 
OD  securing  Dr.  Stratton,  one  cannot  overlook  the  fact  that  the  desperately 
poor  pay  which  our  Government  gives  to  great  experts  makes  it  impossible 
for  us  to  retain  men  capable  of  performing  the  great  responsibilities  that 
are  placed  upon  them. 

The  Massachusetts  Institute  of  Technology,  an  educational  institution, 
6nds  no  difficulty  in  paying  a  man  of  Dr,  Stratton's  caliber  three  times  the 
salary  the  Government  is  able  to  pay  him. 

Dr.  Stratton  has  repeatedly  refused  large  offers  before,  but  the  inability 
of  the  scientific  men  in  the  Government  to  properly  support  themselves  and 
their  families  under  the  living  conditions  in  Washington,  and  to  make  any 
provision  for  old  age.  makes  it  impossible  for  any  responsible  department 
head  to  secure  such  men  for  public  service  at  government  salaries. 

It  is  hoped  that  a  few  such  illustrations  as  the  present  one 
will  wake  Congress  up  to  the  seriousness  of  the  situation  and  to 
a  realization  of  the  necessity  of  paying  to  the  scientific  workers 
in  the  Government  salaries  that  can  at  least  compare  favorably 
with  those  paid  on  the  outside. 

No  announcement  has  yet  been  made  as  to  Dr.  Stratton's 
successor,  but  rumors  are  rife  and  many  speculations  are  afloat 
regarding  the  future  Director  of  the  Bureau  of  Standards.  Dr. 
Stratton.  however,  will  not  take  up  his  new  duties  until  January 
1  and  it  is  believed  that  the  field  will  be  thoroughly  canvassed 
before  his  successor  is  appointed.  Because  of  Secretarj-  Hoover's 
well-known  policy  of  promotion  within  the  service  there  are 
those  who  think  he  will  recommend  to  the  President  the 
appointment  of  someone  at  present  in  the  Bureau  of  Standards. 

A  Visit  from  England 

Mr.  F.  E.  Hamer,  Editor  of  Chemical  Age  (London),  spent 
three  days  in  Washington  visiting  the  various  points  of  interest 
in  and  around  the  city.  He  seemed  particularly  interested  in 
his  visits  to  the  go\'emment  laboratories,  and  expressed  himself 
as  well  pleased  with  the  progress  being  made  in  this  country, 
both  in  government  and  in  industrial  organizations.  On  Monday 
evening,  October  16,  Dr.  Charles  L.  Parsons,  Secretary'  of  the 
Society,  and  Mr.  H.  E.  Howe,  Editor  of  This  Journal,  gave 
a  dinner  in  his  honor  at  the  Cosmos  Club.  Those  present  to 
meet  him  were: 

W.  D.  Bigelow,  Chief  Chemist,  National  Canners  Association 
W.  M.  Clarke,  Chief  Chemist.  Hygienic  Laboratory,  Public  Health 
Service 

F.  G.  Cottrell,  Director,  Fixed  Nitrogen  Laboratory 
Amos  A.  Fries.  Chief,  Chemical  Warfare  Service 
C.  R.  DeLong,  Chief,  Chemical  Division,  Department  of  Commerce 
F.  S.  Dickson.  Director,  Chemical  Division.  Treasury  Department 
W.  F.  Hillebrand.  Chief  Chemist,  Bureau  of  Standards 
W.   F.    Keohan,   Washington   Representative,   Chemical   Foundation 
H.  C.  Parmelee,   Editor.   Chemical  and   Melatlurgical  Engineering 
L.  I.  Shaw,  Assistant  Chief  Chemist.  Bureau  of  Mines 
E    E.  Slosson,  Director,  Science  Service 

E.  W.  Washburn,  Editor,  International  Critical  Tables,  National  Re- 
search Council 

He  came  to  this  country  primarily  as  the  representative  of 
Benn  Brothers,  Ltd.,  to  attend  the  sessions  of  the  Associated 
Business  Papers,  Inc.,  and  the  National  Conference  of  Business 
Paper  Editors.  He  takes  back  to  England  with  him  impres- 
sions and  information  concerning  things  chemical  in  America 
that  he  could  not  possibly  have  obtained  in  any  other  way, 
and  he  has  left  with  us  a  much  better  understanding  of  the  prob- 


lems confronting  our  English  cousins.  Since  our  two  countries 
are  one  m  working  for  the  progress  of  mankind,  we  U-lieve  that 
such  interchange  of  ideas  as  has  taken  place  during  this  visit 
of  Mr.  I  lamer  will  go  far  toward  cementing  the  good  feeling 
existing  between  the  two  countries. 

We  are  glad  to  have  had  this  visit  from  him  and  hope  it  will 
be  repeated  in  the  near  future. 

New  Tariff  Rules 
The  Tariff  Commission  is  making  every  effort  to  expedite  its 
work  in  drafting  rules  and  regulations  for  the  administration 
of  the  flexible  section  of  the  new  tariff  law,  realizing  as  it  does 
the  vital  interest  that  the  various  industries,  importers,  and  the 
coiintry  generaUy,  have  in  this  matter.  In  framing  these  regu- 
lations the  chief  object  in  the  minds  of  the  commissioners  is 
fairness  to  all.  With  this  in  view  it  is  stated  that  the  regulations 
will  be  so  drafted  as  to  discourage  mass  presentation  of  applica- 
tions for  changes  and  thus  make  it  plain  that  a  complaint  Uqm 
a  single  individual,  partnership,  or  corporation  will  have  as 
much  weight  with  the  commission  as  that  from  an  entire  trade 
or  business  organization.  Eurthermore,  the  Commission  is 
planning  complete  publicity  for  all  proceedings  from  their  in- 
ception to  their  conclusion. 

New  Rules  for  Entry  of  Dyes 

Close  on  the  heels  of  the  announcement  that  the  President  will 
very  probably  call  an  extra  session  of  Congress  in  November 
comes  the  statement  that  importers  of  dyestuffs  are  preparing 
to  attack  the  rates  in  the  new  tariff  law.  Meantime  the  Treasury 
Department  is  cooperating  with  the  Bureau  of  Standards  for 
the  purpose  of  formulating  a  set  of  standards  for  the  appraisal 
of  dyes.  This  will  necessarily  involve  considerable  laboratory 
work,  and  much  careful  study  and  consideration,  so  that  it  will 
probably  be  at  least  several  months  before  the  standards  are 
promulgated. 

Customs  officials  are  also  busily  engaged  in  drawing  up  rules 
for  the  guidance  of  importers  in  entering  dyes,  and  are  striving 
in  ever>'  way  possible  to  cooperate  with  importers  in  facilitating 
the  entrj'  of  their  goods.  The  law  presents  many  new  and  com- 
plicated problems,  however,  and  under  the  most  favorable  con- 
ditions but  slow  progress  can  be  made. 

Renewal  of  Alabama  Power  Company  Lease 

Secretary  Weeks  has  renewed  the  lease  of  the  Alabama  Power 
Company  for  the  operation  of  the  Government's  steam  plant 
at  Muscle  Shoals  for  another  year.  This  renewal  has  no  direct 
bearing,  however,  on  the  offers  that  have  been  made  by  Henry 
Ford  and  others  for  the  purchase  of  the  plant,  since  under  the 
terms  of  the  contract  it  may  be  canceled  on  thirty  days'  notice. 
This  step  was  taken  because,  in  the  opinion  of  Secretary  Weeks, 
certain  mills  and  other  industries  would  otherwise  be  compelled 
to  close  down  or  curtail  operations. 

Food  Standards  Committee  Meets 

At  a  meeting  of  the  Food  Standards  Committee,  held  in  Wash- 
ington on  September  25  to  29,  certain  changes  in  the  standards 
for  cayenne  and  oil  of  cassia  were  adopted,  and  the  defini- 
tions and  standards  for  cacao  products  and  breads  modified 
to  conform  to  the  evidence  obtained  since  the  publication  of 
the  tentative  definitions  and  standards  for  these  products. 
The  committee  also  revised  its  definitions  and  standards  for 
condensed  milk,  evaporated  milk,  concentrated  milk,  butter, 
renovated  butter,  ginger-ale  flavor,  ginger  ale,  cacao  products, 
edible  vegetable  oils  and  fats,  breads,  and  condiments  (spices 
and  flavoring  extracts). 
New  Laboratory  Established  in  the  Bltseau  of  Chemistry 

A  laboratory  of  crop  chemistry  to  supersede  the  plant  chem- 
ical laboratory  has  been  established  in  the  Bureau  of  Chemistry. 
Dr.  Edgar  "T.  Wherry  has  been  placed  in  charge  with  Dr.  Jehiel 
DaN-idson  as  assistant  chemist.  This  laboratory  will  continue 
and  expand  the  work  formerly  done  in  the  plant  chemical  labo- 
ratory, the  general  field  of  investigation  being  the  influence  of 
environment  on  the  chemical  composition  xjf  crops.  Dr.  David- 
son wUl  continue  his  studies  of  the  composition  of  the  crop  as 
influenced  by  the  time  of  application  of  fertilizer. 

October  17,  1922 
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Personals 


Industrials 


Dr.  Frank  S.  Washburn,  president  of  the  American  Cyanamid 
Co.,  New  York,  N.  Y..  died  on  October  9,  1922. 

Mr.  F.  H.  Chamberlain,  formerly  president  of  the  Heyden 
Chemical  Company  of  America,  is  now  president  of  the  National 
Sponge  &  Chamois  Co.,  New  York,  N.  Y.  This  change  followed 
the  purchase  of  a  majority  interest  in  the  Heyden  Chemical 
Company  by  B.  R.  .\rmour  of  American  Aniline  Products,  Inc. 

Mr.  E.  W.  McCullough  has  resigned  his  position  as  director  of 
the  Division  of  Mining  and  Metallurgj',  Republic  Creosoting  Co., 
to  accept  an  appointment  as  consulting  engineer  for  refuse 
disposal  with  the  Indianapolis  Sanitary  Commission  Indian- 
apolis, Ind.  The  work  will  involve  the  design  and  construction 
of  a  new  plant. 

Mr.  George  H.  Rhodes  has  resigned  as  assistant  in  the  Chemis- 
try De()artment  of  the  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass.,  to  accept  a  position  in  the  Color  Laboratory  of 
Cheney  Brothers.  South  Manchester,  Conn. 

Dr.  Charles  S.  Venable  has  resigned  as  assistant  director  of  the 
Research  Laboratory  of  Applied  Chemistry  of  the  Massachusetts 
Institute  of  Technology  to  become  director  of  research  for  the 
Viscose  Company  at  Marcus  Hook,  Pa. 

Mr.  M.  M.  Austin  has  resigned  his  position  as  chemist  in  the 
research  laboratory  of  the  National  Malleable  Castings  Co.  to 
join  the  teaching  staff  of  the  Division  of  Industrial  Chemistry 
at  the  University  of  Illinois. 

Mrs.  Lillian  Segal  Kopeloff  is  now  in  charge  of  the  newly 
established  Research  Department  of  Biological  Chemistry  at  the 
Psychiatric  Institute  of  the  New  York  State  Hospitals,  Ward's 
Island.  New  York.  N.  Y. 

Mr.  Eric  R.  Jatte,  who  recently  completed  his  work  for  the 
Ph.D.  degree  at  Columbia  University,  has  gone  to  Stockholm 
for  a  year  of  study.  He  holds  an  American-Scandinavian 
feUowship  for  the  year  1922-1923. 

Dr.  Ralph  T.  Goodwin,  who  took  his  degree  in  1922  in  the 
Department  of  Chemical  Engineering  at  Columbia  University, 
has  been  appointed  to  a  position  in  the  research  department  of 
the  Standard  Oil  Company  of  New  Jersey.  Dr.  Goodwin  will 
have  as  hij  special  concern  the  shale  oil  interests  of  the  company. 

Mr.  Edward  O.  Dunkley,  who  from  1913  to  1922  was  chief 
metallurgical  chemist  at  the  Panama  Canal,  has  become  asso- 
ciated with  the  Kober  Chemical  Company,  Inc.,  Hastings-on- 
Hudson,  N.  Y.,  as  chemist.  His  present  work  is  in  connection 
with  the  production  on  a  commercial  basis  of  arsphenamines, 
mercurials,  and  ultrafiltration  processes. 

The  following  have  joined  the  staff  of  the  Research  Laboratory 
of  the  Kastman  Kodak  Company:  Helge  Schibsted,  formerly 
with  the  Atmospheric  Nitrogen  Company;  Clyde  Brockett, 
Massachusetts  Institute  of  Technology,  1922;  Alasco  Burgess, 
Bates  College,  1922;  D.  Henry  Harris,  Massachusetts  Institute 
of  Technology,  1922;  and  Roger  P.  Loveland,  Grinnell  College, 
1919. 

At  the  inauguration  of  Dr.  Charles  R.  Richards  as  president 
of  Lehigh  University,  the  degree  of  Doctor  of  Science  was  con- 
ferred upon  Walter  S.  Landis,  chief  technologist  of  the  American 
Cyanamid  Co.,  New  York,  and  Harlan  S.  Miner,  chief  chemist 
of  the  Welsbach  Light  Co.,  Gloucester,  N.J.  Both  Dr.  Landis 
and  Dr.  Miner  are  alumni  of  Lehigh  University. 

Mr.  C.  C.  Concannon  has  been  appointed  assistant  chief  of  the 
new  Chemical  Division  of  the  Department  of  Commerce.  For 
about  live  years  Mr.  Concannon  was  associated  with  Takamine, 
Inc.  He  is  thoroughly  experienced  in  the  exportation  of  chemical 
products  to  foreign  markets  and  is  a  valuable  addition  to  the  staff 
of  the  Division. 

Dr.  Leon  W.  Parsons  has  resigned  as  assistant  director  of  the 
Research  Laboratory  of  .Applied  Chemistry  of  the  Massachusetts 
Institute  of  Technology  to  accept  a  position  as  chief  chemist  of 
the  Tidewater  Oil  Co,  liayonne,  N.J. 

Mr.  John  V.  N.  Dorr  has  recently  returned  to  New  York 
after  a  si.x  months'  trip  to  Kngland,  Krance,  and  Germany, 
made  for  the  purpose  of  a  closer  acquaintance  with  the  numerous 
installations  of  Dorr  methods  in  the  metallurgical  and  chemical 
plants  of  those  countries.  Mr.  Dorr  found  considerable  indus- 
trial depression  in  Kngland.  and  was  impressed  with  the  spirit 
■'f  hard  work  which  i.>!  evident  throughout  Germany. 


On  September  6,  1922,  the  old  chemical  laboratory  of  the 
Massachusetts  Agricultural  College  was  destroyed  by  fire.  Dur- 
ing the  last  legislature  a  new  laboratory  was  provided  for  by  an 
appropriation  of  $300,000,  and  it  is  expected  that  the  building 
will  be  ready  for  occupancy  in  August  1923. 

Chemists  interested  in  the  sampling  and  analysis  of  pig  iroa 
wiU  find  the  booklet  "Methods  of  the  Chemists  of  the  United 
States  Steel  Corporation  for  the  Sampling  and  Analysis  of  Pig 
Iron"  of  great  assistance.  The  booklet  has  recently  been  is- 
sued to  take  the  place  of  one  of  a  similar  title  published  by  the 
Carnegie  Steel  Company  in  1912.  A  committee  chosen  from  the 
chemists  employed  by  the  various  subsidiary  companies  of  the 
United  States  Steel  Corporation  rewrote  the  booklet,  giving 
full  consideration  to  recommendations  concerning  improved 
methods  and  operations  which  were  requested  from  the  chemists 
of  the  various  works. 

The  Province  of  Quebec  has  purchased  from  the  U.  S.  Radium 
Corporation  one  gram  of  radium  for  the  use  of  its  citizens  in  the 
treatment  of  cancer  and  other  malignant  diseases.  The  radium 
will  be  sent  to  the  University  of  Montreal,  where,  under  the 
supervision  of  Dr.  J.  A.  Gendreau,  it  will  be  at  the  service  of 
the  people  of  the  Province. 

Engineers  in  the  employ  of  Henry  Ford  are  reported  to  have 
been  for  several  months  surveying  the  Wisconsin  and  Kickapoo 
Rivers  to  ascertain  their  possibilities  for  water  power.  The  ob- 
ject is  to  develop  an  electricity  plant  with  a  view  to  establishing 
a  zinc  oxide  plant  for  the  manufacture  of  zinc  for  auto  tires. 

The  Brown  Instrument  Company  has  opened  a  New  England 
branch,  with  offices  at  185  Devonshire  St.,  Boston,  Mass.,  in 
charge  of  Mr.  George  Goodman. 

The  F.  S.  Pearson  Engineering  Corp.,  New  York,  N.  Y.,  has 
reestablished  its  department  for  Industrial  Management  and 
Technical  Auditing  of  Industries  and  Public  Utilities,  which  will 
be  carried  on  together  with  the  usual  work  of  financing,  develop- 
ing, design,  and  construction  of  engineering  projects  and  industrial 
plants. 

The  B.  F.  Sturtevant  Company  has  recently  issued  a  bulletin 
describing  construction  and  uses  of  its  unit  driers. 

The  Duriron  Co.,  Dayton,  O.,  has  opened  an  office  in  Buffalo, 
N.  Y.,  in  charge  of  Mr.  N.  E.  Philpot,  who  for  the  past  two  years 
has  been  engineer  in  charge  cf  the  company's  Cleveland  office. 

A  series  of  leaflets  on  freight  traffic  service  has  been  prepared 
by  the  Frederick  A.  Kirk  Co.,  New  York,  for  the  purpose  of  fur- 
nishing information  on  various  questions  in  connection  with 
traffic  matters.  The  leaflets  cover  rates,  routing,  classification, 
demurrage,  export  shipments,  claims,  and  expediting.  Copies 
may  be  obtained  from  the  company. 

Twenty-three  companies,  representing  85  per  cent  of  the  pot- 
tery industry  of  the  United  States,  and  twenty-four  officers  of 
these  companies,  have  been  indicted  on  the  charge  of  conspiring 
to  fix  prices  and  unlawfully  restrict  sales.  This  indictment  is 
the  last  of  the  series  resulting  from  the  housing  investigation  of 
the  Lockwood  committee,  authorized  by  the  New  York  State 
Legislature.  The  defendants  arc  specifically  charged  with  en- 
gaging in  a  price-fixing  combination  whereby  they  refrained 
from  competing  with  each  other,  on  a  price  basis,  thus  exacting 
"uniform,  arbitrary  and  noncompetitive  prices,"  and  are  also 
charged  with  being  barred  by  common  consent  from  selling  their 
products  directly  to  builders,  architects,  or  contractors. 

The  German  dye  cartel  has  again  doubled  its  capital  stock, 
issuing  about  6,000,000,000  marks  of  new  stock.  The  new 
issue  has  been  acquired  by  a  consortium  of  German  banks,  which 
has  also  taken  over  all  the  junior  stock  of  the  Badische  Anilin- 
und  Sodafabrik  (worth  about  40,000,000  marks,  at  050  per  cent 
above  par),  which  was  issued  for  the  purpose  of  reconstructing 
the  Oppau  factories  blown  up  last  year.  Chemical  stocks 
jumped  more  than  1000  per  cent  following  the  announcement  of 
the  capital  stock  increases.  The  rise  was  also  attributed  partly 
to  individual  purchases  of  German  dye  stocks  by  Americans, 
in  the  belief  that  the  new  American  tariff  was  not  unfavorable 
to  the  German  dye  industry.  An  especially  big  demand  for  the 
stock  of  the  Badische  Company  is  reported  because  of  the  plans 
of  the  company  to  exploit  the  inventions  of  Dr.  Schweitzer, 
which  it  is  claimed  will  utilize  low-grade  products  in  the  manu- 
facture of  high-grade  fabrics. 


Nov.,  1922 
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Principles  of  Leather  Manufacture.  By  H.  R.  Procter.  688  pp. 
2n(l  edition.  D.  Van  Nostrand  Co.,  New  York,  1022.  Price, 
$10.00. 

Procter's  "Principles  of  Leather  Manufacture"  has  been  the 
standard  text  in  the  EngHsh  langtiaye  since  it  appeared  in  1903. 
The  essential  changes  in  the  second  edition  consist  in  the  re- 
writing of  the  chapter  on  The  Chemistry  of  Hide  and  the  addition 
of  five  new  chapters:  Physical  Chemistry  of  I^eather  Manu- 
facture; The  Colloid  State;  Pickling  and  DepickHng;  Japanned 
and  Enameled  Leathers;  and  Conclusion;  with  the  author's 
"Original  Papers  on  the  Gelatin  Kquilihriura,"  an  article  by 
Atkins  and  Thompson  on  "The  Determination  and  Control  of 
Acidity  in  Tan  Liquors,"  and  another  by  Atkin  and  Atkin  on 
"The  Caustic  Alkalinity  of  Lime  I^iquors"  as  appendices. 

The  portions  of  the  book  devoted  to  the  chemistry  and  physics 
of  the  subject  have  been  materially  revised  to  include  the  more 
modern  conceptions.  The  new  chapters  are  all  good,  and 
those  on  Physical  Chemistry  of  Leather  Manufacture  and  on 
The  Colloid  State  particularly  should  appeal  to  the  practical 
mind  since  they  give  more  recent  conceptions  concerning  the 
foundations  of  tanning  in  Procter's  inimitable  clear  style,  a 
style  which  physical  chemists  in  general  might  well  adopt. 

The  revision  of  the  chapters  on  the  actual  operations  and  proc- 
esses of  tanning  consists  chiefly  of  short  insertions  or  additions 
which  bring  the  subject  up  to  date  and  give  useful  practical 
information  in  pithy  form.  Several  of  the  chapters  remain  almost 
sntirely  as  in  the  first  edition,  others  are  materially  improved. 
While  there  are  additions  to  the  chapter  on  vegetable  tanning 
materials,  the  original  figures  for  tannin  content  unfortunately 
stand  in  all  cases.  The  statements  concerning  the  tanning  ma- 
terials of  the  LTnited  States  show  an  unwarranted  ignorance  of 
the  subject.  Hemlock  and  oak  barks  are  dismissed  in  short 
paragraphs,  the  illustration  of  the  leaves  and  acorn  of  chestnut 
oak  (Q.  prinus)  is  erroneous,  as  it  was  in  the  first  edition.  Amer- 
ican chestnut,  the  most  important  native  American  tanning  ma- 
terial, is  not  even  mentioned,  nor  are  the  oaks,  hemlocks,  and 
other  tanning  materials  of  the  Pacific  Coast.  The  tannin  con- 
tent of  American  sumacs  {R.  glabra,  R.  typhina,  R.  copallina) 
is  stated,  as  in  the  first  edition,  to  be  10  to  25  per  cent,  while 
actually  it  is  from  20  to  30  per  cent.  One  page  is  devoted  to  saw 
palmetto  and  three  to  canaigre.  Saw  palmetto  is  but  Uttle  used, 
and  canaigre  not  at  all. 

The  new  chapter  on  japanned  and  enameled  leathers  is  con- 
fessedly very  general,  since  the  processes  are  even  yet  more  or 
less  secret.  It  seems,  however,  that  this  chapter  could  have  been 
brought  more  nearly  up  to  da^e. 

The  conclusion  is  an  excellent,  informing,  and  stimulating 
brief  summary  of  the  recent  researches  in  the  field  of  taiming 
chemistry.  However,  the  reviewer  confesses  to  a  strong  preju- 
dice against  the  interchangeable  use  of  the  words  "tanning"  and 
"tannage,"  beheving  that  the  latter  is  only  properly  used  to 
designate  "kind"  as  oak,  chrome  tannage,  etc. 

The  book  is  particularly  free  from  typographical  errors,  the 
only  ones  of  importance  noted  being  T.  H.  Moran  for  T.  H.  Nor- 
ton, and  /.  Am.  Leather  Cliem.  Assoc,  14  for  13  (p.  307). 

The  book  weighs  4.1  pounds.  It  is  well  printed  on  a  thick 
heavy  paper.  The  thickness  and  weight  could  well  be  40  per 
cent  less.  May  the  time  soon  come  when  publishers  will  give 
more  consideration  to  the  convenience  of  the  reader  in  these  par- 
ticulars. It  is  not  necessary  to  make  a  book  heavy  and  unwieldly 
in  order  to  sell  it. 

F.  P.  Veitch 


World  Metric  Standardization:  An  Urgent  Issue.  Compiled 
by  Audrey  Drurv.  2X15  cm.,  525  pp.  Published  by  the 
World  Metric  Standardization  Council,  San  Francisco,  Cahf. 
Price,  cloth,  postpaid,  $5.00. 

Too  long  the  advent  of  world  metric  slaiulardization  has  l>cen 
left  to  chance,  and  it  is  fortunate  that  public-spirited  individuals 
have  been  willing  to  spend  the  time  and  effort  necessary  to  cor- 
relate the  movement  in  the  United  States  and  Great  Britain 
making  toward  world  standardization.  Continental  countries 
are  working  out  far-reaching  programs  of  standardization  in  the 
building  up  of  an  uni)recedented  industrial  structure  to  be  used  in 
world  trade.  All  the  new  countries  resulting  from  the  war  have 
adopted  the  metric  standards,  and  in  1921  both  Japan  and 
Russia  accepted  them,  leaving  Great  Britain  and  ourselves  the 
only  nations  not  formally  committed  to  their  gradual  adoption. 

It  will  be  a  surprise  and  an  inspiration  to  many  to  learn  how 
much  is  being  done  in  these  Anglo-Saxon  countries.  Hundreds 
of  organizations  are  on  record  as  in  favor  of  the  advance.  The 
opinions  are  given  here  of  prominent  men  in  every  walk  of 
life;  manufacturers,  merchants,  engineers,  officers,  scientists, 
physicians,  lawyers,  clergymen,  editors,  etc.  This  book  also  con- 
tains a  lengthy  bibliography  of  pro-metric  literature. 

Some  have  been  misled  into  believing  that  the  adoption  of 
the  metric  system  will  immediately  involve  great  changes  in 
the  products  of  manufacturing  and  not  merely  in  the  designa- 
tions of  those  products.  In  the  chapter  on  the  cost  of  metric 
standardization,  the  Britten-Ladd  Bill,  recently  before  Congress, 
is  given  in  full,  and  it  is  emphasized  that  the  change  is  compulsory 
only  in  merchandising.  The  change  will  be  gradual,  and  instead 
of  a  loss  it  is  estimated  that  there  will  be  a  positive  gain  far 
outweighing  the  cost,  even  during  the  transition  period.  When 
these  benefits  are  appreciated,  the  use  of  metric  standards  in 
manufacturing  will  be  rapid  and  the  present  unreasoning  oppo- 
sition will  disappear.  The  opposition,  of  course,  denies  that 
gradual  iniroduction  is  practicable,  but  this  contention  is  flatly 
contradicted  by  the  experience  of  the  Waltham  Watch  Co.,  the 
De  Laval  Separator  Co.,  The  Goodyear  Tire  and  Rubber  Co., 
and  the  Baldwin  Locomotive  Works,  who  use  metrics  in  manu- 
facture without  difficulty. 

Eugene  C.  Bingham 


Chemicals  and  Industrial  Materials  with  Their  Commercial  Uses. 
Compiled  and  pubUshed  by  Charles  .Argles,  39  Corporation 
St.,  Birmingham,  England.     Price,  10/6  net. 

This  book  consists  of  20  lists  of  chemicals  and  other  materials. 
The  first  list  contains  nearly  700  names  of  chemicals  in  alpha- 
betical order,  each  followed  by  a  list  of  industries  or  processes  in 
which  the  chemical  is  used.  The  uses  are  arranged  without 
reference  to  alphabetical  order  or  relative  importance.  No  de- 
scriptions of  the  chemicals  are  given,  and  no  cross  references  to 
indicate  that  names  like  calcium  carbonate,  lime  carbonate, 
and  chalk  may  refer  to  similar  substances. 

A  few  bits  of  information  from  the  first  part  of  the  book  show 
its  general  character. 

Calcium  oxide  is  used  for  glass  manufacture,  leather  industry. 
buUding  trade,  metallurgy,  rubber  industry,  and  paper  manu- 
facture. Lime  is  not  used  in  metallurgy  or  in  paper  makmg, 
but  is  used  for  the  four  other  purposes  for  which  calcium  oxide  is 
used  In  addition  lime  has  12  other  uses  which  include  the  pro- 
duction of  calcium  salts,  the  manufacture  of  chemical  products, 
the  production  of  caustic  soda  and  the  manufacture  of  bleachmg 
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powder,  .\lkali  has  12  uses,  caustic  soda  15,  soda  hydroxide  9, 
and  sodium  hydrate  1.  Other  chemicals  and  the  number  of 
uses  for  each  are:  black  mustard  3,  dried  blood  1,  ox  gall  3, 
suint  2. 

The  second  list  contains  over  400  names  of  industrial  materials, 
presumably  not  chemicals,  with  the  uses  of  each.  A  few  items 
and  the  numbers  of  uses  are:  aniline  salt  1,  brimstone  7,  com 
oil  4,  maize  oil  8,  com  weevils  1,  coumarin  2,  fuchsine  2,  lard  7, 
lye  2,  macaroni  4,  dried  milk  1,  milk  of  lime  6,  milk  powder  3, 
quicklime  2,  rags  4,  saccharin  6,  sand  4,  treacle  7,  vanillin  4. 

Eighteen  other  lists  give  materials  used  in  the  following  in- 
dustries: agriculture,  baking  and  confectionery  trades,  brewing 
trade,  dyeing  and  calico  printing,  glass  trade,  manufacture  of 
inks,  leather  and  tanning  trade,  paint  and  varnish  trade,  paper 
making,  perfumery  trade,  photography,  process  engraving  and 
lithographic  trades,  manufacture  of  rubber  and  rubber  articles, 
soap  trade,  manufacture  of  sweetmeats,  textile  trade,  prepara- 
tion of  vegetarian  foods.  These  lists  contain  a  few  names  of 
substances  not  given  in  the  first  or  second  lists,  such  as  sodium 
hydroxide,  potassium  caustic,  potassium  hydrate  or  hydroxide. 

Since  the  publication  is  an  index  the  absence  of  page  numbers 
causes  no  inconvenience.  The  statement  in  the  preface,  "The 
uses  of  raw  materials,  as  applied  to  various  trades,  have  not 
(as  far  as  1  know)  been  hitherto  published,"  indicates  that  the 
author  did  not  have  a  copy  of  the  Condensed  Chemical  Diction- 
ary, published  by  the  Chemical  Catalog  Company.  A  copy  of 
the  dictionary  would  have  saved  some  of  the  "no  small  trouble  and 
difficulty"  involved  in  his  compilation.  The  book  is  privately 
printed. 

W.  D.  Collins 


Technical  Records  of  Explosives  Supply,  1915-1918.  VII— 
Manufacture  of  Nitric  Acid  from  Niter  and  Sulfuric  Acid. 
86  pp.,  Xi  figures.  Ministry  of  Munitions  and  Department  of 
Scientific  and  Industrial  Research,  London.  H.  M.  Stationery 
Office.     1922.     Price,  lis. 

During  the  war  the  production  of  nitric  acid  from  sodium 
nitrate  and  sulfuric  acid  was  carried  out  on  a  very  large  scale  in 
England,  two  factories  alone,  those  at  Queen's  Ferry  and  at 
Gretna,  producing  1300  tons  per  week.  The  lack  of  persons 
exi)erienced  in  this  industry  and  the  extraordinary  demand  for 
the  product  caused  many  difficulties,  which  were  overcome  by 
close  investigation  of  the  processes.  This  record  gives  a  de- 
scription of  the  Gretna  plant  for  the  manufacture  of  nitric  acid 
by  the  retort  process,  and  its  operation  when  nmning  smoothly, 
together  with  reports  of  the  investigations  that  greatly  helped 
to  this  result.  There  are  also  sections  devoted  to  the  recovery 
of  nitric  acid  from  spent  nitro-cotton  acids  by  distillation,  and 
the  recovery  of  niter  from  the  bags  in  which  it  was  received, 
thereby  diminishing  the  serious  fire  risk  resident  in  niter-impreg- 
nated bags.  It  is  interesting  to  note  that  while  the  niter  con- 
tent of  these  bags  was  greatly  reduced  by  the  combined  processes 
of  mechanical  brushing  and  washing,  the  methods  of  operation 
were  so  developed  as  to  show  a  considerable  profit  in  the  re- 
covered niter,  while  reducing  the  fire  risk. 

As  in  previous  pubUcations  in  this  series,  the  accounting  is 
given  in  minute  detail,  presenting  a  pattern  which  other  chemical 
manufacturers  may  easily  follow.  The  data  are  visualized  in 
numerous  graphs  and  flow  sheets,  so  that  the  course  of  a  reaction, 
or  the  progress  of  a  process  and  its  behavior,  may  be  viewed; 
and  this  is  done,  not  only  for  current  operations,  but  also  for 
the  results  of  investigations  looking  to  improvements  in  oper- 
ations or  reductions  in  cost. 

This,  like  the  previous  numbers,  is  a  valuable  contribution 
to  chemical  technology,  but  the  style  is  so  involved  as  to  make 
the  reading  of  the  record  unnecessarily  difficult,  while  the  fact 


that  fundamental  data,  such  as  that  of  the  "analyses"  of  niter 
on  page  34,  in  which  sodium  nitrate  is  taken  "by  difference," 
foot  up  to  less  or  more  than  100  per  cent,  leads  one  to  doubt  if 
the  printed  data  have  been  carefully  checked. 

Charles  E.  Munrob 


The  Chemistry  and  Technology  of  Gelatin  and  Glue.  By 
Robert  Heraian  Bogue,  M.S.,  Ph.D.  McGraw-Hill  Book  Co., 
Inc.,  New  York,  1922.     Price,  $6.00. 

The  extensive  investigations  and  important  results  achieved 
in  the  last  few  years  on  these  subjects  or  closely  related  ones  have 
been  bewildering  in  their  erratic  appearances  in  the  various 
technical  journals,  and  we  welcome  a  summary  of  this  work 
to  which  the  author  gives  268  pages.  In  connection  with  these 
references  he  discusses  the  theoretical  aspects  of  the  subject  in  a 
connected  and  clear  manner.  In  some  cases,  when  there  is  a 
difference  of  opinion  among  the  investigators,  he  leaves  the  reader 
to  arrive  at  his  own  conclusions. 

Under  the  heading  of  "Structure  of  Gelatin,"  which  is  very 
justly  given  considerable  space,  is  a  discussion  giving  the  troubles 
involved  in  the  use  of  a  revolving  or  oscillating  disk  or  surface 
when  studying  the  viscosity  of  gelatin  solutions.  In  view  of  this 
one  wonders  why  the  MacMichael  viscometer  was  chosen  for  the 
investigational  work.  However,  as  stated,  all  the  %Tscometers 
available  have  their  shortcomings  when  used  for  gelatin. 

The  second  part  deals  with  the  technological  aspects.  The 
manufacture  of  hide  and  bone  gelatin  and  glue,  also  casein,  blood 
and  fish  glue,  are  described  in  detail. 

The  discussion  on  the  tasting  of  glue  and  gelatins  and  especially 
the  evaluation  of  these  products,  should  be  of  interest  to  the  user 
as  well  as  the  manufacturer. 

There  is  ample  evidence  that  the  author  has  made  very  ex- 
tensive and  valuable  investigations  of  this  subject.  However,  on 
some  points  his  results  do  not  concur  with  other  investigators — 
for  example,  as  to  the  amount  of  pressure  required  on  a  glued 
joint,  the  "fallacy"  of  a  starved  joint,  and  relation  of  joint 
strength  to  grade. 

The  book  is  well  printed  on  good  paper  with  a  few  typographical 
errors,  and  should  prove  of  interest  not  only  to  the  manufacturer 
but  also  to  the  chemist  who  is  confronted  with  the  problem  of 
specifying  glue  for  his  plant. 

C.  R.  McKee 


Yearbook  of  the  American  Pharmaceutical  Association,  1920. 
Vol.  9.  Ixxx  +  865  pp.  American  Pharmaceutical  Associa- 
tion, Chicago,  1922.     Price,  $4.00. 

Notable  among  the  features  of  the  present  volume  of  the  year- 
book is  the  larger  number  of  abstracts  of  foreign  pharmaceutical 
publications  than  has  appeared  in  any  of  the  previous  editions 
since  1914.  Under  the  general  heading,  "The  Progress  of 
Pharmacy,"  692  pages  are  devoted  to  abstracts  of  the  hterature 
of  pharmacy  for  1920,  classified  under  four  general  heads.  Phar- 
macy, Materia  Medica,  Inorganic  Chemistry,  and  Organic 
Chemistr>',  and  22  subheads.  The  whole  has  been  carefully 
indexed  to  form  an  authoritative  work  of  reference  for  the 
pharmacist.  Eighty  pages  are  devoted  to  the  proceedings  of  the 
Association  and  the  most  recent  revision  of  its  constitution  and 
by-laws,  and  126  pages  to  lists  of  members  both  alphabetically 
and  geographically  arranged.  It  is  to  be  regretted  that  circum- 
stances have  not  permitted  more  prompt  publication  of  this 
valuable  book,  but  it  is  understood  that  efforts  are  imder  way  to 
overcome  this  difficulty. 


Nor.,  1922  77//?  JOURNAL  OF  INDUSTRIAL  AND  ENdlNKERING  CIIKMISTItY 


1091 


COMMERCE  REPORTS 


Notlca — Commtrce  Reports  arc  received  by  alt  /arte  libraries  and  may  be 
amsulled  there,  or  single  numbers  can  be  secured  by  application  to  the  Bureau 
of  Foreign  and  Domestic  Commerce.  Department  of  Commerce,  Washington, 
D.  C.  The  regular  subscription  rate  for  these  Commerce  Reports  mailed 
weekly  is  $3.00  per  year  (.10  cents  per  single  copy),  payable  in  advance  lo  the 
Superintendent  of  Documents,  Gorernmenl  Priming  Office,  Washington,  D.  C. 


September 


The  British  dyestufis  licensing  committee  plans  to  support  the 
<lomestic  industry  by  refusing  import  licenses  when  domestic 
dyes  are  available  in  adequate  quantities  and  at  reasonable 
prices.     (P.  644) 

A  new  technical  institute  is  to  be  established  at  Salt  River, 
a  suburb  of  Cape  Town,  South  Africa. 

Statistics  are  given  of  the  production  of  minerals,  except  coal 
and  iron,  mined  in  France  during  the  first  three  months  of  1922. 
(P.  661) 

A  successful  flight  has  been  made  in  Zealand,  Denmark,  by 
an  airplane  using  kerosene  for  fuel.     (P.  666) 

A  mi.\ing  plant  has  been  erected  at  Hammersmith,  England, 
for  the  production  of  a  new  motor  fuel  which  Is  reported  to  give 
very  good  results.  The  fuel  is  said  to  be  produced  from  a  vege- 
table of  Indian  and  Ceylon  growth,  and  it  is  claimed  that  it  can 
be  sold  much  below  current  gasoline  prices.     (P.  666) 

The  Italian  government  has  made  appropriations  for  the  ex- 
ploration of  fuel  deposits  and  oil.  It  is  hoped  that  within  the 
next  two  or  three  years  sufiicient  data  will  be  collected  to  give  an 
accurate  idea  of  the  value  of  the  Italian  subsoil  with  reference  to 
its  fuel  contents.     (P.  666) 

Exports  of  chemicals  and  allied  products  from  the  United 
States  to  foreign  countries  for  the  seven  months  ended  July 
1922,  were  valued  at  g63,113,990,  a  drop  of  over  82,000,000  for 
the  corresponding  period  in  1921.  Decreases  occurred  in  the 
«xports  of  soda  ash,  pigments,  paints  and  varnishes,  fertilizers, 
and  coal-tar  products.  Some  of  the  chemicals  showing  increases 
were  methanol,  acetate  of  lime,  calcium  carbide,  chloride  of 
lime,  copper  sulfate,  caustic  soda,  zinc  oxide,  ammonia  sulfate, 
rosin,  and  spirits  of  turpentine.     (Pp.  710-1) 

The  plants  of  the  Alby  Carbide  Company  and  the  North- 
western Cyanamide  Company  at  Odda  have  been  sold  at  auction. 
This  marks  the  final  collapse  of  two  of  the  largest  industrial 
undertakings  in  Western  Norway  and  the  practical  bankruptcy 
of  the  community  of  Odda.     (Pp.  711-2) 

A  plant  for  the  creosoting  of  East  African  timber  is  being 
erected  at  Eldolat,  140  miles  northwest  of  Nairobi.  The  plant 
will  have  a  capacity  of  500  tons  per  month.     (P.  726) 

The  total  production  of  the  Baku,  Grosny,  and  Ural-Emba 
oilfields  for  the  first  half  of  1922  shows  an  increase  of  17  per  cent 
over  the  first  half  of  1922.     (P.  730) 

The  discover>'  of  an  important  deposit  of  petroleum  near  the 
Trans-Zambesia  Railway  is  reported.     (P.  730) 

Reported  petroletmi  fields  in  Sakhalin  are  said  to  be  able  to 
supply  10,000,000  tons  of  petroleum  per  annum.     (P.  730) 

It  is  believed  by  those  who  have  visited  Katanga  Province 
that  a  source  of  copper  production  of  world  importance  will  be 
developed  in  the  Belgian  Kongo.     (Pp.  777-8) 

Recent  prospecting  near  Vaux-en-Bugey  (Ain)  has  revealed 
the  presence  of  methane  gas  of  sufficient  importance  and  density 
to  pro\'ide  light  for  one-half  of  the  city  of  Lyon.  This 
is  thought  to  be  an  indication  that  petroleum  fields  may  be  found 
in  this  vicinity  and  also  at  AbatiUes  (Gironde),  where  methane 
gas  has  also  been  found.     (P.  787) 

At  present  the  utmost  optimism  prevails  in  nitrate  circles  and 
it  is  expected  that  sales  during  the  next  three  months  will  be  much 
larger  than  those  already  made.  There  are  persistent  rumors 
that  large  orders  from  Germany  will  soon  be  received,  despite  the 
difficulty  of  making  payment.     (P.  794) 

Exports  of  iron  ore  from  the  mines  in  Lorraine  during  the 
first  six  months  of  1922  show  an  encouraging  increase  oyer  the 
export  during  the  same  period  of  1921.  Germany  is  taking  an 
increasing  proportion  of  this  output.     (P.  850) 


Price  is  an  important  factor  in  successful  competition  in  the 
importation  of  artificial  indigo  into  China.  When  the  selling 
price  rises  much  above  a  certain  point,  the  Chinese  resort  to 
greater  use  of  natural  indigo,  which  is  produced  in  China  and  also 
imported  from  India.  It  is  estimated  that  60  per  cent  of  the 
world's  production  of  artificial  indigo  is  consumed  in  China. 
(P.  795) 

A  copy  of  an  unpublished  report  on  the  adoption  of  the  metric 
system  in  Haiti  may  be  obtained  by  applying  to  the  Latin- 
American  Division  of  the  Bureau  of  Foreign  and  Domestic  Com- 
merce, or  through  the  district  and  codperative  offices  of  the 
Bureau.     (P.  817) 

Statistics  show  the  copper  production  of  the  Belgian  Kongo 
for  the  first  six  months  of  1922  to  have  been  19,842  metric  tons, 
against  a  total  of  13,030  tons  for  the  corresponding  period  in 

1921.  (P.  850) 

The  production  of  minerals  in  Japan  is  declining.  Statistics 
are  given  showing  the  production  of  minerals  in  June  1921, 
June  1922,  and  for  the  six  months  ending  June  1921  and  June 

1922.  (P.  851) 

A  report  on  the  vegetable-oil  products  of  Portuguese  Africa, 
with  statistics  of  exports  from  the  principal  ports  in  1913  and 
1920,  is  on  file  in  the  Foodstuffs  Division  of  the  Bureau  of  Foreign 
and  Domestic  Commerce,  and  may  be  examined  by  interested 
parties.     (P.  854) 

During  the  first  week  of  July  the  new  Institute  for  Tanning 
Chemistry  in  connection  with  the  Technical  High  School  at 
Darmstadt,  Hessen.  was  formally  opened.  This  school  has  for 
its  object  the  further  Instruction  of  academic  tanning  chemists, 
as  well  as  the  promotion  of  scientific  research  in  the  field  of 
tanning  chemistry.     (P.  857) 

The  following  tabiJar  statement  shows  the  German  output 
and  domestic  consumption  of  pure  potash  for  1913,  1921,  and 
1922. 

Consump- 
Output  lion 

Tons  Tons 

1913  1,110.362     557,000 

1921 921,146     720.000 

1922'(es'timatcd) 1,250,000     850,000 

There  has  been  an  increased  use  of  potash  in  fertilizers  for 
German  soil  because  of  the  shortage  of  phosphoric  acid.  Only 
268,000  tons  of  phosphoric  acid  were  applied  In  1921 ,  as  compared 
with  630,000  tons  used  in  1913.  It  is  estimated  that  the  former 
German  potash  mines  in  .-Usace  will  yield  120,000  tons  of  potash 
in  1922,  and  that  the  Alsatian  export  capacity  this  year  will  be 
from  50,000  to  60,000  tons,  while  the  German  export  capacity 
is  estimated  at  400,000  tons.  (P.  859) 

Interest  in  the  utilization  of  the  available  water  power  at  the 
Aswan  Dam  of  the  Nile  River  for  the  production  of  nitrogen  for 
fertilizers  has  been  revived,  and  the  Eg>-ptian  government  has 
published  a  bulletin  entitled  "The  Fixation  of  Atmospheric 
Nitrogen,"  which  may  be  consulted  in  the  Chemical  Division 
of  the  Bureau  of  Foreign  and  Domestic  Commerce.     (P.  859) 

Speciai.  Supplemskts  Isst;so 

.Australia  Norway 

Britifih  South  Africa  Paraguay 

Czechoslovakia  Russian  Foragn  Trade 

TJr-nr,  United  Kingdom 

Guatemala  U.  S.  Trade  «ith  Latin 

America  in  lyJl 

"Commerce  and  Finance  in  Czechoslovakia."  Trade  Information  Bulletin 
••Conditions  of  IndusUies  in  Soviet  Russia."  Trade  Information  Bulletin 
"F'rtnch  Trade  in  Petroleum  Products."     Trade  Information  BuUetin  M. 

STA'nsTics  OP  Exports  to  the  United  States 

Ss?i7-t.  712)  ^'Sf.r^''"-  *"' 
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Electrodeposition    of    Iron.     W.    E.    Hughes.     Brass    World,    Vol.    18 

(1922),  No.  9,  pp.  261-05. 
Leather:   The  Determination  of  Water-Soluble  Matter  in  Vegetable  Tanned 

Leathers.     W    J.  Chater  and  D.  Woodropfe.     Journal  of  the  Society 

o/  Leather  Trades'  Chemists,  Vol.  6  (1922),  No.  8,  pp.  247-54. 
Leather:    Notes  on  Hide  Soaking  Experiments.     B.  S    Lbvinb.     Journal 

ol  the  American  Leather  Chemists  Association,  Vol.  17  (1922),  No.  9,  pp. 

417-30. 
Lubrication:    The  Technical  Supervision  of  Plant  Lubrication.     I.     Allbn 

F.  Brewer.     Industrial  Management,  Vol.  64  (1922),  No.  3,  pp.  141-44. 
Nitric  Acid  and  Absorption  Towers.     J.  A.  Hall,  A.  Jaqdbs,  and  M.  S. 

Leslie.     Journal  of  the  Society  of  Chemical  Industry,  Vol.  41    (1922), 

N'o.  Ifi,  pp.  2851-931 
Potash:  La  Question  de  la  CristalUsation  dans  les  Fabriques  de  Chlorure  de 

Potassium.     Cn.  Rinckenbach.     Chimie  el  Industrie.  Vol.  8  (1922),  No. 

2,  pp.  27S-88. 
Steel:    The  Trend  of  Specifications  for  Steel  Castings.     E.  R    Youno. 

Blast  Furnace  and  Steel  Plant.  Vol.  10  (1922),  No.  9,  pp.  463-66. 
Synthetic   Resins:     Les  R6sines   Synth£tiques.     ClAment  and   Riti^re. 

Chimie  el  Industrie.  Vol.  8  (1922),  No.  1,  pp.  38-40. 
Tanning  Materials:    Comparative  Observations  of  the  Tanning  Properties 

of  Vegetable  Tanning  Materials,  Synthetic  Tans,  and  Mixtures  of  Vege- 
table Tanning  Materials  with  Synthetic  Tans.     S.  Kohn,  J.  Breedis, 

AND  E.  Credb.     Journal  of  the  American  Leather  Chemists  Associalien, 

Vol.  17  (1922),  No.  9,  pp,  450-60. 
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GOVERNMENT  PUBLICATIONS 

Notlc* — Publications  for  which  price  is  indicaird  con  be  purchased  from 
the  Superintendent  of  Documents,  Coternment  Printing  Offiie,  Washington, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  or  De- 
tarlment  from  which  they  originate. 

Bureau  of  Mines 

A  New  Instrument  for  Sampling  Aerial  Dust.     I.konard  Grebnbuko  and 

G.  W    Smith.      Reports  of  Invaligalions  2392.     3  pp.     Issued  September 

1022. 
Corrosion  under  Oil  Films,  with  Special  Reference  to  the  Cause  and  Pre- 
vention of  the  After-Corrosion  of  Firearms.     W.  J.  Huff.     Technical 

Paper  IBB.     20  pp.      P.ipcr.  5  cents. 
Bxplosives  Used  in  July  1922.     W.    W.  Adams.      Reports  of  Investigations 

2393.      5  pp.      l!isucd  September  1922. 
Fatalities  at  Coal  Mines  in  July  1922.      W.  W    Adams.     Reports  of  In- 

festigalions  2389.     3  pp.     Issued  August  1922. 
Feldspar   Mining  and   Milling.     R.  F.   Ladoo.     Reports  of  Investigations 

2396.     6  pp.     Issued  September  1922. 
Gum-Forming   Constituents   in   Gasoline.     N.   A.   C.  Smith  and   M.    B. 

CooKB.  Reports  of  Invesligalions  2i9i.  12  pp.  Issued  September  1922. 
Ignition  of  Gas  by  Electric  Detonators.     L.  C.  Ilslby  and  A.  B.  Hooker. 

Reports  of  Investinalions  2383.      10  pp.     Issued  August  1922. 
Production  of  Alumina  Cream  from  Clay  Tests  on  the  Miguet  Process. 

C.  E.  Williams  and  C.  E.  Simms.     Reports  of  Investigations  2393.     Issued 

September  1922. 
TeUnrium.      H.    A.    Dobrner.     Reports    of    Investigations  2385.     3    pp. 

Issued  August   1922. 
Tests  of  Gas  Masks  and  Respirators  for  Protection  from  Locomotive  Smoke 

in   Railroad   Tuimels   with   Analyses   of   Tunnel   Atmospheres.     A.    C. 

FiKLDNBR.  S.  H.  Katz,  and  S.  P.  Kinney.    Technical  Paper  292.     27  pp. 

Paper,   10  cents. 
The  New  Albany  Shale  of  Indiana.     J.  R.  Reeves.     Reports  of  Investigations 

2390.     S  pp.     Issued  August  1922. 
The  White  Clay  Industry  in  the  Vicinity  of  Langley,  South  Carolina.     Re- 
torts of  Investigations  2iB2.     6  pp.     Issued  .August  1922. 
Use  of  Geophone  in  Locating  Compressed-Air  Leaks.     B.  O.   Pickard. 

Retorts  of  Investigations  2380.     2  pp.     Issued  August  1922. 

Bureau  of  Standards 

standard    Samples,    Geneial  Information.     Circular   25.     Supersedes   6th 

edition  issued  June  20,  1917.      14  pp.     Paper,  5  cents. 
United  States  Government  Specifications.     OflBcially  adopted  by  Federal 
Specifications  Board,  February  3,  1922,  for  use  of  departments  and  inde- 
pendent establishments  of  the  Government  in  the  purchase  of  materials 
covered  by  them. 

Basic  Sulfate,  White  Lead,  Dry  and  Paste.     Standard  Specification  6. 

Circular  85,  2nd  ed.     9  pp.     Paper,  5  cents. 
Black  Paint,  Semipaste  and  Ready  Mixed.     Standard  Specification  14. 

Circular  94,  2nd  ed.     8  pp.     Paper,  5  cents. 
Water-resisting    Spar    Varnish.     Standard  Specification  IS.      Circular 

103,  3rd  ed.     6  pp.     Fapcr,  5  cents. 
White  Paint  and  Tinted  Paints  Made  on  White  Base,  Semipaste,  and 
Ready    Mixed.     Standard    Specification    10.     Circular   89,    2nd    ed. 
10  pp.     Paper,  5  cents. 
Zmc  Oxide,  Dry  and  Paste.     Standard  Specification  8.     Circular  87, 
2nd  ed.     S  pp.     Paper,  5  cents. 

Bureau  of  the  Census 

Essential  OUs:     14th  Census  of  the  United  States:  Manufactures,  1919. 

Prepared  under  the  supervision  of  E.  F.  H-4BILEY.     7  pp.     1922, 
Explosives.     14th    Census    of   the    United    States:     Manufactures,    1919. 

Prepared  under  the  supervision  of  E.  F.  Hartley.     S  pp.      1922 
Fertilizers.     14th    Census   of   the    United   States:     Manufactures,    1919. 

Prepared  under  the  supervision  of  E    F.  Hartley.     12  pp.      1922. 
Mines  and  Quarries  1919.     14th  Census  of  the  United  States:   Summary  of 

the  Census  of  Mines  and  Quarries  for  the  United  States.     Prepared  under 

the  supervision  of  E.  F.  H.^btlev  by  F.  J.  Kate.     47  pp.      1922. 
The  Rubber  Industry.     14th  Census  of  the  United  States:    Manufactures, 

1919.  Prepared  under  the  supervision  of  E.  F.  Hartley.  15  pp.  1922. 
The  Soap  Industry.     14th  Census  of  the  United  States,  1919.     Prepared 

under  the  super-vision  of  E.  F.  Hartley.     11  pp.     1922 
Wood    Distillation.    14th  Census    of   the   United   States:     Manufactures, 

1919.     9  pp.     1922. 

Congress 

Investigation  into  the  Prices  and  Conditions  in  the  Oil  Industry.  Report 
submitted  by  Mr.  McNary  from  the  Committee  on  Manufactures. 
5.  R.  877.     S  pp.     Ordered  to  be  printed  August  25.  1922. 


Fordney-McCumber  Tariff  Billot  1922.  Vea  ami  .Nuy  \<>iin  in  ihc  I'nitcd 
States  Senate  on  the  hill  and  all  amendments  thereto,  H.  R.  7450,  to 
provide  revenue,  to  rcKuUte  commerce  with  forciKn  countries,  to  encourage 
the  induslriis  of  the  United  States,  and  for  other  purposes.  With  Indei. 
Compiled  by  C.  A.  KuuPFLKR.     S.  Doc.  264.     4 IK  pp.      1922 

Taria  Bill  of  1922.  Conference  Report  to  accompany  H.  R.  7450.  //.  R. 
J223.     102  pp.     1922. 

Tariff  Act  of  1922  with  Index.  H.  R.  74,'>0 — To  provide  revenue,  to  regulate 
commerce  with  foreign  countries,  to  encourage  the  industries  of  the  United 
States  and  for  other  purposes.  //.  Doc.  393.  108  pp.  Ordered  to  be 
printed  September  20,  1922. 

Department  of  Agriculture 

Th«  Detection  of  Hypochlorites  and  Chloramines  in  Milk  and  Cream. 
Philip  Rupp.  Dept.  Bull.  IIIA.  5  pp.  Taper,  5  ctnti.  Issued  August 
30,  1922. 

Geological  Survey 

Antimony  in  1921.     F.  C.  Schradbr.     Separate  from  Mineral  Resources 

of  the  United  States,  1921,  Part  I.     8  pp.     Published  September  18,  1822. 
Arsenic,    Bismuth,    Selenium,   and   Tellurium    in    1921.     V.    C.    Hhikrs. 

Separate  from   Mineral  Resources  of  the   United  States,   1921.   Part   I. 

14  pp.      Published  October  5,  1922. 
Asbestos  in  1921.     Edward  Sampson.     Separate  from  Mineral  Resources 

of  the  United  States,  1921,  Part  II.     8  pp.     Published  September  10, 

1922. 
Barytes  and  Barium  Products  in   1921.     G.   W.  Sross.     Separate  from 

Mineral    Resources    of  the  United  States,  1921,  Part  II.     10  pp.     Pub- 
lished September  II,  1922. 
Clay  in  1921.     Jefferson  Middlbtown.    Separate  from  Mineral  Resources 

of  the  United  States,  1921,  Part  II.     6  pp.     Published  September  20, 

1922. 
Feldspar  in  1921.     F.  J.  Katx.     Separate  from  Mineral  Resources  of  the 

United  States,  1921,  Part  II.     5  pp.     Published  August  30,  1922. 
Gems  and  Precious  Stones  in  1921.     B.  H.  Stoddard.     Separate  from 

Mineral  Resources  of  the  United  States,  1021,  Part  II.     4  pp.     Published 

September  13.   1922. 
Mineral  Resources  of  Alaska.    Report  of  Progress  on  Investigations  in  1920. 

A.  H.  Brooks  and  others.      Bull.  722.     266  pp. 
Mineral  Resources  of  the  United  States  in  1921  (Preliminary  Summary). 

Introduction  by  G.  F.  Louchlin.     Statistics  assembled  by  M.  B.  Clark 

from  data  furnished  by  specialists  of  the  Division  of  Mineral  Resources. 

102  pp.     Published  September  14,  1922. 
Nitrate  Deposits  in  the  Amargosa  Region,  Southeastern  California.     L.  F. 

Noble,  G.  R.  Mansfield,  and  others.     Bull.  724.     99  pp. 
Platinum  and  Allied  Metals  in  1921.     J.  M.  Hill.     .Separate  from  Mineral 

Resourcesof  the  United  States,  1921,  Part  I.     7  pp.     Published  September 

19,   1922. 
Primary  Native-Silver  Ores  near  Wickenburg,  Arizona,  and  Their  Bearing 

on  the  Genesis  of  the  Silver  Ores  of  Cobalt,  Ontario.     E.  S.  Bastik. 

Separate   from   contributions  to   Economic   Geology,    1922.   Part   I.     25 

pp.     Published  August  2,  1922. 
Salt,  Bromine,  and  Calcium  Chloride  in  1921.     K.  W.  Cottrell.     Separate 

from   Mineral    Resources    of  the  United  States,   1921,   Part  II.     7  pp. 

Published  August  31,  1922. 
Silver,  Copper,  Lead,  and  Zinc  in  the  Central  States  in  1921.     Mines  Report. 

J.  P.  DuNLOP  AND  F.  Begeman.     Separate  from  Mineral  Resources  of  the 

United  States,  1921,  Part  I.     31  pp.     Published  August  15,  1922. 
Surface  Water  Supply  of  the  United  SUtes  1917.     Part  XII.     North  Pacific 

Drainage  Basins.    B — Snake  River  Basin.  Prepared  in  cooperation  with 

the  States  of  Idaho,  Oregon.  Nevada,  and  Washington.     N.  C.  Grover. 

G.  C.   Baldwin,  G.  L.  Parker,  and  F.  F.  Henshaw.     Water-Supply 

Paper  i63,     168  pp.     Paper,  15  cents. 
Surface    Water    Supply   of   the   United    States,    1918.     Part  Xn.     North 

Pacific   Slope   Drainage  Basins.     C — Lower  Columbia  River  Basin  and 

Pacific  Slope  Drainage  Basins  in  Oregon.     Prepared  in  cidperation  with 

the  States  of  Oregon  and  Washington.     N.  C.  Grover,  F.  F.  Henshaw, 

AND  G.  L  Parker.     Water-Supply  Paper  4S4.     141pp.     Paper,  15  cents. 
Surface  Water  Supply  of  the  United  SUtes,  1918.     Part  VHI.     Western 

Gulf  of  Mexico  Basins.      Prepared  in  cooperation  with  the  State  of 

Texas.     N.  C.  Grover,  G.  A.  Gray,  and  C.  E.  Ellsworth.     Water- 

Supply  Paper  478.     106  pp.     Paper,  10  cents. 
Talc  and  Soapstone  in  1921.     Edward  Sampson.     Separate  from  Mineral 

Resourcesof  the  United  States,  1921,  Part  II.     7  pp.     Published  August 

4,  1922. 

Public  Health  Service 

Notes  on  the  Efficiency  of  Various  Systems  of  Ait-Conditioning  in  a  Munition 
Factory.  C.  E.  A.  Winslow  and  Leonard  Greenbvrc.  Reprint  729 
from  Public  Health  Reports.     17  pp.     Paper.  5  cents. 
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The  broadest  upward  movement  in  prices  noted  at  any  time 
during  the  past  two  years  sent  American  chemical  values  to 
higher  levels  during  October.  The  passage  of  the  tariff  late  in 
September  was  undoubtedly  responsible  for  a  goodly  portion  of 
the  movement,  although  the  effect  of  the  new  duties  was  felt 
coincidcntally  with  the  development  of  a  number  of  scarcities  in 
American  markets.  The  two  influences  have  been  so  intermi-xed 
that  it  is  impossible  to  point  out  each  product  and  the  exact 
cause  for  its  rise  in  price.  The  fact  remains  that  numerous 
prices  are  higher,  demand  is  better,  and  many  chemical  plants  are 
beginning  to  resume  operations. 

As  might  have  been  expected  prior  to  the  passage  of  the 
Fordney-McCumber  Tariff  Act,  numerous  prices  went  up  in 
anticipation  of  the  higher  rates  which  were  considered  certain 
to  go  through.  Nevertheless,  the  actual  passage  of  the  bill  was 
followed  by  a  flood  of  further  advances,  particularly  in  the  case  of 
American-made  products.  At  the  higher  prices,  indications  point 
to  a  resumption  of  operations  by  many  manufacturers  who 
naturally  refused  to  produce  at  anything  but  minimum  capacity 
while  market  quotations  stood  below  cost. 

Prices  for  heavy  chemicals,  including  alums,  bichromates,  lead 
salts,  prussiates,  barium  salts,  Epsom  salt,  and  others,  are  higher. 
Mineral  acids,  caustic  soda,  soda  ash,  and  other  products  on 
which  foreign  competition  has  had  little  effect,  were  not  materially 
changed.  Oxalic  acid  has  been  an  exception.  Although  the 
tariff  was  advanced  from  1  'A  cents  a  pound  under  the  Underwood 
Law,  to  4  cents  in  the  Fordney  Bill,  October  prices  went  down. 
Barium  chloride  with  a  duty  of  S25  per  ton  as  against  $5  formerly, 
naturally  reacted  sharply  upward.  Other  barium  compounds 
with  higher  duties  also  moved  up.  Epsom  salt  strengthened 
with  a  50  cent  per  hundred  duty  as  against  10  cents  formerly. 
Potassium  chlorate  and  sodium  sulfide  went  higher.  Cyanides 
remained  free  of  duty  after  a  sharp  fight  in  Washington,  and 
prices  remained  unchanged. 

Among  the  items  which  have  moved  up  in  price  independently 
of  the  tariff  rates,  might  be  included  methanol,  formaldehyde, 
hexamethylcne,  acetate  of  lime,  acetone,  arsenic,  aniline  oil,  and 
aniline  derivatives.  Two  sharp  advances  in  methanol  during 
October  resulted  from  a  depletion  of  available  stocks  and  the 
elimination  of  two  plants  through  failure.  Owing  to  low  prices, 
production  has  been  practically  at  a  standstill  for  many  months. 
A  freshened  demand  soon  cleaned  out  most  of  the  goods  on  hand 
and  forced  prices  sharply  upward.     Formaldehyde  has  been  ad- 


vanced three  times  in  as  many  weeks,  owing  to  scarcity  and  the 
higher  alcohol  price.  He.xamethylene  is  also  up.  Acetone  is  higher. 

The  scarcity  of  white  arsenic  has  been  acute  and  prices  have 
continued  to  climb.  In  spite  of  the  end  of  the  consuming  season 
in  America,  demand  from  manufacturers  of  arsenates  has  kept 
up.  Supplies  are  far  from  adequate  to  take  care  of  the  demand. 
No  duty  was  placed  on  this  product  in  the  new  tariff.  Aniline  oil 
stocks  have  also  been  reduced  to  a  minimum  by  a  sudden  spring- 
ing up  in  demand.  Little  of  this  product  has  been  produced 
for  some  time  past,  as  a  12  cent  and  13  cent  market  was  under 
cost.  Surplus  stocks  have  been  used  up,  and  prices  have  jumped 
back  up  to  16  cents  a  lb.  in  large  drums.  Goods  outside  of  pro- 
ducers' hands  have  been  sold  out.  All  aniline  derivatires  have 
also  reacted  to  the  higher  price  for  the  basic  material. 

Phenol  staged  further  spectacular  advances  during  October. 
In  spite  of  the  importation  of  close  to  1500  drums  from  England 
on  license  prior  to  the  passage  of  the  new  tariff,  the  goods  went 
to  consumers  and  open  market  figures  rose.  Nothing  is  to  be 
had  under  23  cents  at  24  cents  a  lb.  for  big  drums.  With  the 
Fordney  tariff  calling  for  55  per  cent  and  7  cents  a  lb.  on  coal  tars 
for  other  than  medicinal  purposes,  cost  to  import  phenol  from 
abroad  is  said  to  be  over  26  cents  a  lb.  to-day.  As  far  as  is  known, 
no  American  maker  is  producing  now.  All  phenol  derivatives 
have  gone  up,  as  might  be  expected.  Three  sharp  advances 
in  the  salicylates  were  made  during  October,  and  with  the 
present  cost  of  phenol,  current  prices  are  stated  to  be  still  tmder 
cost  of  production.  Technical  salicylic  acid  is  worth  32  cents 
and  U.  S.  P.  35  cents  a  lb. 

As  far  as  medicinal  and  fine  chemicals  are  concerned,  sharp 
sweeping  price  advances  during  October  were  the  order  of  the  day. 
Within  a  month  mercurial  prices  shot  up  about  25  per  cent,  owing 
to  the  rise  in  quicksilver  costs.  Manufacturers  advanced 
mercurial  prices  three  times.  Bismuth  metal  and  salts  have 
also  been  moved  up  on  two  occasions.  Caffeine  is  up.  Tartaric 
acid,  cream  of  tartar,  and  Rochelle  salt  are  higher. 

Manufacturers  of  synthetic  and  natural  aromatic  chemicals  for 
perfume  and  flavoring  purposes  have  been  compelled  to  prac- 
tically withdraw  from  the  market  as  a  result  of  the  new  tariff 
and  the  uncertainties  which  it  has  caused  in  the  matter  of 
aromatic  prices.  Until  some  definite  price  scale  can  be  estab- 
lished on  which  tariff  rates  can  be  based  accurately,  importers' 
prices,  which  will  have  to  be  met  by  American  producers,  cannot 
be  determined. 
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-   HEA\T   CHEMICAL  A\rERAGB  - 
Simple  Average  of  Twenty  Rep- 
resentative Heavy   Chemloals. 
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PIRST-HAND  PRICKS  FOR   GOODS   IN    ORICINAL  PACKAGBS   PREVAILING    IN   Till!   NliW   YORK    MARKliT 


INOBOANIC  CHEMICALS 


AcW,  Boric,  cryst.  bbia lb. 

Hydrochloric,  comm'l.  20°  lb. 

Hydrofluoric,  30%  bbU.    lb. 

Hydriodic,  sp.  gr.  1.150... lb. 

Nitric.  42°.  cbys.  c/1  wks.lb. 

Phosphoric,  50%  tech lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wlcs tOD 

Oleum  20% ton 

Alum,  Ammonia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminium  Sulfate  (iron-free)  .lb. 
Ammonium  Carbonate,  pwd...lb. 

Chloride,  white  grao lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  28°. ..lb. 

Arsenic,  white lb. 

Barium  Chloride too 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Fowd.,  35%,  works 

100  lbs. 

BoraZp  cryst.,  bbla lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  (used,  f.o.b. 

N.  Y. ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals. .  .lb. 

Nitrate lb. 

Red lb. 

White  (Carb.) lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tecb...lb. 

Magnesite   calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85%. lb. 

Chlorate   cryst lb. 

Hydroxide.  88-82% lb. 

Iodide    bulk lb. 

Nitrate lb. 

Permanganate,  U.  S.  P.... lb. 

Prussiate.  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

SDver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Canatic,  76%,  N.  Y. .  100  lbs. 


*Resa1e  or  Imported  (not  : 


.llJi 
OIK 


■  07  H 


.llJi 
.01>i 


.12>i 
.OlM 


16.00 

16.00 

16.00 

19.00 

19.00 

19.00 

.03>^ 

.03>i 

.03H 

•.03 

•.03H 

*.03H 

.06 

.06 

.07 

.03H 

.04 

•  03H 

.02H 

.02}^ 

.02>i 

.lOM 

.  10?4' 

.08 

.07H 

.07Ji 

.07H 

.30 

.30 

.30 

.07H 

.07H 

.07H 

.09H 

.10 

■  06H 

•105.00 

•100.00 

•63.00 

•.08 

•.08 

•07 

33.60 

33.60 

28.00 

2.00 

2.00 

2.25 

.06H 

.06H 

.08Ji 

.28 

.29 

.23 

24.60 

24.50 

28.75 

.06 

.06 

.06 

7.00 

7. CO 

6.65 

4.40 

4.40 

3.80 

.liH 

.ll>i 

.11 

.22 

.22 

.16 

.08 

.09 

.08 

.07H 

.07?4 

.07)i 

2.75 

3.00 

1.76 

.07H 

.07}^ 

.06 

55.00 

65.00 

66.00 

•.25 

•.25 

•.27 

•.26 

•.26 

•.30 

4.25 

4.25 

4.25 

.09H 

.09Ji 

.lOK 

•.16 

•.19 

•.13 

:o4H 

'.oayj 

•.04H 

•.07 

•.07M 

•.05K 

•.06 

•.06H 

•.06 

3.50 

3.60 

2.90 

.OS 

.08 

.08 

•.15 

•.17 

•.15 

•.90 

•.90 

•.29 

•.37 

•.38^ 

♦.24H 

25.00 

25.00 

17.00 

.47« 

.47H 

.44H 

•1.80 

•1.80 

•1.85 

3.60 

3.50 

3.80 

American  c 

nakers'  price). 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide.  9«-98% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbb 100  lbs. 

Nitrate,  96% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-iod.),tecb..lb. 

Silicate.  40° lb. 

Suiede.  80%,  (used lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers  100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  60%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbb lb. 


Oct.   I 

Oct.   16 

Jan    1923 

.07H 

.07H 

04 

3.00 

3.00 

3  00 

.07« 

.07H 

.07X 

.04M 

■  OHi 

.04M 

.0«H 

.06H 

.07H 

.33 

.28 

.09H 

.09H 

.o«H 

3.20 

3.60 

2  40 

3.40 

3  32H 

OBH 

.10 

OAH 

.24 

.23H 

leH 

.04 

.04H 

.04)i 

OIH 

.0I>^ 

■  OiH 

.04 

.06 

•10 

•10 

•.10 

3  00 

3  00 

1.76 

4.00 

14.00 

IS. 00 

.10>< 

.lOH 

■  MH 

.38 

.38 

.37 

.35 

.36 

.36 

.07 

.07 

.08 

OBOANIC  CHEMICALS 


AceUnilide,  U.  S.  P.  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial lb. 

Benzoic,    U.  S.  P lb. 

Carbolic,  cryst.,  U.  S.  P., 

drs lb. 

60-  to  no-lb.  tins.... lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks. ..lb. 

PyTogaliic,  resublimed. . .  .lb. 

Salicylic,  U.  S.  P lb. 

Tannic,  U.  S.  P.,  bbb lb. 

Tartaric,  cryst.,  U.  S.  P.  .  .lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete. gal. 

Ethyl.  190  proof,  bbls gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  re6ned,  cases. .  .lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums. .  .lb. 

Creosote,  U.  S.  P lb. 

Cresol,  U.S.  P lb. 

Dextrin,  com 100  lbs. 

Imported  PoUto lb. 

Ether,  U.  S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. . .  .lb. 

Methanol,  pure,  bbb gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  com,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 


•.60 
.17 

1.60 
.29 
.70 

•.30 

.35 
4.85 
2.00 

.86 


.16 

.80 
3.00 

.04H 
1.75 
2.47 

.07 

.03« 


.70 
•.30 
.19^ 


.08 
.10 
.36 


3.09 
.09 


.173^ 

.90 
3.00 

.04H 
1.76 
2.47 

.07 

.03H 


.06>i 
.lOX 


3.70 
.06H 
.14 

■  loa 

.14H 

.76 
4.00 

.0«H 
1.75 
3.13 

.08H 

.04 


1920 

1921 

1922                 1 

-   PINE   CHEMICAL  AVERAGE   - 

^ 

--' 

*«. 

Simple  Average  of  Twenty  Rep- 

N 

s. 

reaentatlve  Fine  Chemicals 

s 
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s. 
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OILS,  WAXES.  ETC. 


.10}< 
.07M 


.07H 

.89 


Bceawaz.  pure,  white lb.  .  3G 

Cutor  Oil,  No.  3 lb.  .12 

Cercsin,  yellow lb.  .08 

Com  Oil,  crude.  Unkj,  mills. ..lb.  .07>4' 

Cottonseed  Oil,  crude,  f.  o.  b. 

mill lb.  .07H 

Linseed  Oil,  raw.  c/1 gai.  .88 

Menhaden  Oil,  crude,  mills.,  .gal.  .38 

Neat'»-foot  Oil.  20'" lb  .20 

Paraffin,  128-130  m.  p.,  re( lb  .03H 

Rosin,  "F"  grade,  280  lbs bbl.  6.. 15 

Roain  Oil.  6rst  run gal.  .41 

SheUac,  T.  N lb  ..iS 

Sperm  Oil,    bleached    winter, 

38" gal-  1  30 

Stearic  Acid,  double  pressed.,  .lb.  09H 

TaUow  OU.  acidless lb.  .10 

Turpentine,  spirits  of gal.  1 .33 


Aluminium,  No.  1,  ingots lb.  .17^ 

Antimonr,  ordinary 100  lbs.  5. 25 

Bismuth lb.  2.35 

Copper,  electrolytic lb.  .  14 

Lake lb.  .14 

Lead,  N.  Y 100  lbs.  0.25 

Nickel,  electrolytic lb.  .39 

Platinum   reBned,  soft oz.  118.00 

Quiekallver,  Oask 75  lbs.  ea.  71.00 

Silver,  foreign oi.  .69 

Tin lb.  .32 

Tungsten  Wolframite per  unit  3.25 

ZIoc,  N.  Y 100  lbs.  7.35 


FEETILIZEB  MATESIALS 


ulfate.eipt.lOOlbs.  3.50 

Blood,  dried,  t.  o.  b.  N.  Y.... unit  4.00 

Bone,  3  and  50,  ground,  raw. .ton  28.00 
Calcium   Cyanamide,  unit    of 

ammonia 2.25 

Fish  Scrap,  dried,   wks unit  3.80 

Phoaphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3.00 

Tennessee,  78-80% ton  4.00 

Potassium  Muriate,  80% unit  .SO 

Tankage,  high-grade,    f.  o.  b. 

Chicago unit  4.00«r.lO        3.858i.l0     3.00&.10 


COAL-TAK  CHEMICALS 


Crudes 

Anthracene,  80-85% lb.  .76 

Bansene,  pure,  tanks gal.  .30 

Naphthalene,  Sake lb.  .06H 

Phenol,  drums lb.  .23 


112.00 
73.00 
.69>4 


.17 

4.55 

1.80 
.13H 
.13Ji 

4.70 

.45 

78.00 

52.00 

.6BM 

.32?i 

2.00 

5.20 


3.50 
4.00 
J8.00 

2.60 
3.50 
30.00 

2.25 

3.80 

2.25 
3.25  & 

3.00 

4.00 

.70 

5.00 
8.00 
•.76 

Crudes     (condudiJ) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range. 

tanks gal. 

Intermediates 
.icids 

.^nthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Maphthionic,  crude lb. 

Nevile  &  Winther's lb. 

Picric lb. 

Sulf  anilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) ...  .lb. 
Benzaldehyde,  tech lb. 

U.  S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidtne lb. 

^-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimetbylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

G  Salt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoetbylaniline lb. 

Ii-Naphthol,  dist lb. 

o-Napbthylamine lb. 

6-Naphthylamine lb. 

m-Nitroaniline lb. 

P-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane)  . .  .lb. 

P-Nitrophenol lb. 

o-Nitrotoluene lb. 

^-Nitrotoluene lb. 

m-Phenylenediamine lb. 

p-Phenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt lb. 

Resorcinol,  tech lb. 

U.  S.  P lb. 

Schaeffer's  Salt lb. 

Sodium  Naphthionate lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

o-Toluidine lb. 

p-Toluidine lb. 

m-Toluylenediamine lb. 

Xylidine lb. 


3.75 
4.50 


1.15 
.08 


l.IO 
.50 
1.50 
2.25 
1.00 
1.60 
2.30 
.65 
1.30 


.00 

.90 

1.10 

1.50 

1.50 

1.60 

.35 

.35 

.38 

.55 

.55 

.60 

1.30 

1.30 

1.50 

2.00 

2.00 

2.00 

.60 

.60 

.70 

.60 

.60 

.70 

.35 

.35 

.40 

1.15 

1.16 

1.30 

.30 

.30 

.30 

.14 

.14 

.30 

.95 

.95 

l.IO 

.95 

.95 

l.IO 

*i.io 
♦•50 

1920 

1921 

1922 

1  J^ 
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EDITORIALS 


Something  for  Nothing 

IT  REMAINED  for  our  good  friend,  Arthur  D.  Little,  to 
prove  the  incorrectness  of  the  old  adage  that  "you  cannot 
make  a  silk  purse  from  a  sow's  ear."  It  required  a  deal  of 
patient  research  and  persistent  effort  to  accompUsh  the 
result.  Our  Government  through  the  Civil  Service  Com- 
mission is  now  endeavoring  to  prove  the  incorrectness  of 
another  adage — namely,  that  "you  cannot  get  something  for 
nothing."  But  they  propose  to  accomplish  their  result  by 
the  much  simpler  means  of  advertising  and  circularization  by 
mail. 

We  refer  to  recent  circulars  announcing  opportunities  in 
government  service  involving  some  scientific  training  at 
salaries  much  lower  than  untrained  men  can  command,  and 
even  less  than  unskilled  labor  is  being  paid  in  many  parts  of 
the  country.  It  is  proposed  to  offer  .S540  per  year  for  a 
junior  aid  in  one  of  the  government  bureaus.  To  qualify 
for  this  desirable  place  the  applicant  must  stand  a  satisfactory 
examination  in  physics  and  chemistry,  mechanical  drawing, 
algebra,  and  geometry.  He  must  also  be  able  to  say  that  he 
has  fourteen  units  of  high  school  training  toward  entrance 
requirements  to  a  university,  or  that  he  has  completed  a  high 
school  course. 

Another  position  paj's  SIOOO  per  year.  It  is  dignified  by 
the  title  of  Laboratory  Assistant,  and  the  applicant  must 
stand  examination  in  physics  and  chemistry,  mathematics 
through  trigonometry,  and  mechanical  drawng,  drawing  to  be 
made  on  the  day  of  examination.  Further,  the  applicant  must 
show  completion  of  sixty  hours  of  college  work  with  the 
grade  obtained  in  each  study  pursued  while  in  college. 

These  are  typical  requirements  and  salaries  for  a  number 
of  places  for  which  applicants  are  desired.  As  the  Com- 
mission points  out,  these  are  basic  salaries,  and  if  services 
prove  satisfactory,  a  bonus  of  $20  per  month  is  granted  in 
addition. 

By  inquiring  in  your  own  locality  you  will  have  no  diflBculty 
in  finding  many  untrained  people  with  very  much  less  in- 
vestment of  time  and  money  in  preparation,  earning  far 
better  wages  than  the  Government  is  offering  not  only  the 
grades  given  as  examples  above,  but  men  in  very  much  more 
responsible  positions.  In  announcing  the  resignation  of  the 
Director  of  the  Bureau  of  Standards,  a  man  under  whose 
administration  tlie  Bureau  of  Standards  has  been  developed 
from  a  very  modest  beginning  to  the  most  important  bureau 
of  its  kind  in  the  world  to-day,  the  Secretary  of  Commerce 
again  called  attention  to  the  extreme  difficulty  of  satisfactorily 
carrj'ing  on  the  nonpolitical  work  of  the  Government  on  the 
scales  of  salary  now  set  by  law. 

It  seems  to  us  that  if  government  bureaus  are  to  render 
the  greatest  service,  they  should,  in  general,  undertake 
fundamental  research  upon  problems  so  broad  that  the  great- 
est number  of  people  are  benefited.  Organizations  capable 
of  doing  this  work  must  include  many  of  our  best  trained  and 
experienced  investigators.  There  are  many  such  men  now 
in  government  service,  who,  day  by  day,  make  a  real  sacri- 
fice in  order  to  discharge  their  duties.  The  Government  must 
provide  adequate  salaries  for  scientific  men.  This  whole 
matter  is  involved  in  the  reclaKsification  program  that  has 
long  been  discussed,  and  it  is  a  matter  of  importance  which 
must  be  kept  before  us. 


The  Committee  on  Pubhc  Representation  of  the  Chicago 
Section  has  taken  up  the  present  situation  with  the  Civil 
Service  Commission.  Its  example  might  profitably  be 
followed  by  similar  committees  in  other  Sections. 


Adaptability 

STATISTICS  indicate  a  slow  but  consistent  improvement 
^  in  business  affecting  the  chemical  industry,  by  the  number 
of  people  employed  in  the  industry  month  by  month,  and  the 
volume  of  export  trade.  The  very  welcome  information 
comes  to  us  that  the  outlook  for  chemists,  both  young  and 
old,  is  much  improved.  Men  have  been  taken  on  at  some  of 
the  plant  laboratories,  and  the  consulting  chemists  are  finding 
an  increased  demand  for  their  services.  With  this  return  of 
better  times  and  increased  demand  for  chemists,  let  us  do 
whatever  we  can  to  prevent  a  repetition  of  the  sad  experi- 
ences of  many  chemists  in  the  past.  We  refer  to  the  great 
turnover  in  the  men  employed  in  chemical  laboratories. 

We  have  frequently  discussed  the  question  of  maintaining 
research  organizations  in  times  of  business  depression,  and  we 
stiU  believe  that  research  on  a  sufficient  number  of  well- 
chosen  problems  should  be  consistently  and  continually  carried 
on  under  proper  direction  as  the  best  insurance  for  the  future 
of  any  manufacturing  organization.  There  are,  however, 
many  variables  which  may  not  be  considered  by  those  who 
unfortunately  find  themselves  required  to  seek  employment 
in  new  fields. 

In  many  research  organizations  which  have  been  more  or 
less  disrupted  lately,  the  men  constituting  them  were  secured 
in  a  somewhat  hurried  manner  during  the  period  of  war-time 
stress.  There  was  an  urgent  demand  for  every  man,  and 
applicants  who  could  show  a  college  diploma  and  a  little 
laboratory  experience  were  accepted  pretty  much  at  their 
own  valuation.  They  were  available;  they  said  they  were 
qualified ;  and  they  were  put  to  work.  Most  of  these  men  did 
the  best  that  could  be  done  under  the  circumstances,  but  when 
the  rush  was  over  and  business  took  a  somewhat  different  turn, 
employers  began  to  evaluate  their  men  and  naturally  found 
there  were  some  square  pegs  in  round  holes.  There  are  too 
few  real  research  men.  Some  men,  try  as  they  may,  never 
become  fitted  for  research  although  they  may  be  very  useful 
in  other  lines  of  scientific  endeavor.  We  believe  that  a  care- 
ful investigation  would  show  the  large  majority  of  men  who 
have  proved  themselves  to  be  qualified  for  research  still 
busily  engaged.  Nevertheless,  employers  who  deliberately 
curtail  research  solely  in  order  to  show  quick  profits  or  to 
temporarily  curtail  ex])enditures  are  not  to  be  excused. 

We  have  been  much  interested  in  such  work  as  Prof. 
C.  E.  Seashore,  of  the  University  of  Iowa,  is  conducting  to 
develop  ways  for  discovering  and  encouraging  students  with 
exceptional  ability.  Perhaps  our  teachers  can  emphasize 
more  strongly  in  the  future  than  in  the  past  the  fact  that  the 
single  word  "chemist"  is  a  definition  altogether  too  broad 
to  be  apphed  to  all  those  who  work  in  that  field.  There  is  a 
modifying  adjective  that  will  make  it  apply  far  better  in  each 
individual  case.  Any  help  that  can  be  given  a  chemist  in 
selecting  that  adjective  which  really  describes  his  quahfi- 
cations  will  save  a  great  deal  of  unpleasantness  and  in  the 
end  benefit  the  whole  profession. 
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Standardization 


The  Chemist  and  His  Work 


T^HIS  is  not  a  new  word 


)rd.     There  are  some  folks  who  fear      HPHE  University  of  PittshurRh  has  selected  fifteen  contem- 
the_  behef  that  it  means  the  loss  of        *    porary  chemists  of  the  United  States  as  seminar  topics 

durinR  the  first  semester.  The  graduate  student  to  whom  the 
assignment  is  made  is  expected  to  present  a  biographical 
sketch  of  the  chemist  assigned  to  him  and  to  discuss  the 
work  of  that  chemist  as  represented  by  his  three  most  im- 
portant pui)Iished  papers.     At 


Dear  Mr.  Editor: 


standardization  in 
cherished  individuality.     The  ninjority  know  that  through 
standardization  wonders  can  be  accomiilished  in  coiivciiipiico, 
economy,  and  real  scr\dcc.     Germany  looks  upon  standardiza- 
tion as  a  means  by  which  a  firm  hold  can  be  gained  in  the 
great  importing  countries  and 
possibly   the   whole  world,    if 
she  can  only  impress  her  indus- 
trial    standards    upon    world 
trade.     On   one   order   placed 
in  Germany  for  Russian  loco- 
motives, twenty  firms  cooper- 
ated   to  such  an  extent  that 
every  part  in  every  one  of  the 
seven  hundred  locomotives  was 
exchangeable    with     a    corre- 
sponding part  in  all  the  others. 
Obviously,  the  next  order  for 
locomotives  will    specify  that 
all  parts  must  be  readily  inter- 
changeable with  those  on  hand. 

From  its  inception  in  1917, 
the  American  Engineering 
Standards  Committee  has  made 
satisfactory  headway.  More 
than  one  hundred  sixty  bodies 

of  national  importance  cooperate  in  its  work,  and  over 
five  hundred  individuals  serve  on  its  several  sectional  com- 
mittees.   Its  objects  are: 

1 — To  unify  methods  of  arriving  at  engineering  standards,  and 
to  secure  cooperation  between  various  interested  organizations, 
in  order  to  prevent  duplication  of  work  and  promulgation  of 
conflicting  standards. 

2 — To  receive  or  pass  upon  recommendations  for  standards  but 
not  to  initiate  or  develop  the  details  of  any  particular  standard. 

3 — To  act  as  an  authoritative  channel  of  cooperation  in  inter- 
national engineering  standardization. 

4 — To  promote  in  foreign  countries  the  knowledge  of  recognized 
American  standards. 

5 — To  collect  and  classify  data  on  standards  and  standardiza- 
tion bodies  in  the  United  States  and  foreign  countries,  and  to  act 
as  a  bureau  of  information  regarding  standardization. 

Of  the  one  hundred  six  projects  before  the  Committee,  eleven 
are  concerned  directly  with  chemistry  and  principally  with 
standard  methods  of  analysis  and  specifications.  The  Ameri- 
can Society  for  Testing  Materials  has  been  the  principal  sponsor. 

What  can  be  done  through  standardization  in  an  industry 
closely  related  to  chemistry  is  illustrated  by  the  experience 
of  the  Glass  Containers'  Association.  Two  hundred  ten 
styles  and  sizes  of  prescription  bottles  have  been  reduced  to 
twenty,  and  similar  simplification  seems  possible  in  the  list 
of  bottles  and  jars  now  comprising  four  thousand  separate 
items,  exclusive  of  special  names  and  trade  marks. 

The  Standards  Committee  maintains  a  regular  interchange 
of  information  in  the  form  of  quarterly  reports  as  to  the  status 
of  work  under  way  with  the  national  standardizing  bodies  of 
Austria,  Belgium,  Canada,  Czechoslovakia,  France,  Germany, 
Great  Britain,  Holland,  Italy,  Japan,  Norway,  Sweden,  and 
Smtzerland. 

Industries  are  cooperating  with  the  American  Engineering 
Standards  Committee,  and  the  Government,  through  the 
Division  of  Simplified  Practice  of  the  Department  of  Com- 
merce, is  actively  assisting  in  the  work  of  ehminating  ex- 
cessive variety  and  achie\'ing  other  simplifications  which 
decrease  cost  of  production  and  distribution.  Chemists  and 
chemical  manufacturers  have  a  direct  Interest  in  this  work. 
Costs  must  be  reduced  wherever  possible  Standardiza- 
tion win  be  an  important  step  in  this  direction. 


November  9,    1922 


hi  a  few  days  my  official  connection  with  the 
Society  mil  come  to  an  end,  and  as  I  have  been 
so  happy  in  my  relations  with  the  entire  mem- 
bership, and  so  much  genuine  good  and  kind- 
ness have  been  showered  upon  me,  I  can't  resist 
the  impulse  (o  send  these  lines  of  deep  appre- 
ciation and  gratitude  with  my 


the  conclusion  of  the  semester 
an  examination  will  be  held 
and  credit  given  for  satisfao- 
torj'  ."landing. 

We  believe  seminars  of  this 
character  are  well  worth  while 
and  that  such  a  course  of  study 
will  do  much  to  give  the  cliem- 
ist  pride  in  his  profes,sion  as 
well  as  worthy  traditions  to 
uphold.  Our  science  Is  a  liv- 
ing human  thing  in  which 
interest  can  no  doubt  be  in- 
creased by  better  acquaintance 
with  the  men  and  women 
identified  with  its  development. 
The  facts  and  theories  a.sso- 
ciated  with  people  are  those 
best  remembered.  Mention 
of  any  of  our  greatest  dis- 
coveries or  inventions  in  any  other  field  of  endeavor  im- 
mediately brings  to  the  mind  of  the  intelligent  laity  the 
name  of  the  person  credited  with  the  work,  and  in  nearly 
every  other  field  manufacturers  have  not  hesitated  to  ad- 
vertise individuals  until  they  are  as  well  known  as  their 
creations.  It  should  be  so  in  chemistry,  but  chemists 
have  not  been  so  well  advertised. 


Goodbye! 
Edg.\r  F, 


Smith 


"Disarm  or  Perish" 

T  ORD  ROBERT  CECIL  sounded  this  warning  in  pre- 
senting  the  report  of  the  Disarmament  Committee  to 
the  Assembly  of  the  League  of  Nations.  In  laying  before 
the  nations  a  choice  between  destruction  and  salvation,  he 
stated  that  whatever  agreements  may  be  made — ^s  at 
Washington — to  limit  the  weapons  of  war,  in  a  life  and  death 
struggle  all  weapons  will  be  used. 

In  his  discussion  he  mentioned  the  developments  that  have 
been  continued  as  to  size  and  effectiveness  of  aerial  bombs, 
now  said  to  be  ten  times  as  destructive  as  in  the  Great  War, 
and  laid  stress  upon  the  importance  of  poison  gas  and  germs. 
It  seems  to  be  generally  recognized,  even  by  the  Ijeague 
of  Nations,  that  until  the  world  really  disarms  those  who 
would  not  be  defenseless  must  give  serious  consideration  to 
the  purely  scientific  studies  of  poison  gases  and  the  methods 
of  defense  against  them.  In  our  country  alone  is  the  subject 
failing  to  receive  that  mea.?ure  of  support  which  means 
safety  without  aggression  and  without  treaty  \iolations. 
In  the  budget  pro\ided  for  another  year,  the  item  for  our 
Chemical  Warfare  Service  has  been  cut  to  the  point  where 
research  is  seriously  threatened,  if  indeed  is  not  made  im- 
possible. This  is  serious,  not  onlj-  from  the  standpoint  of 
national  defense,  but  because  of  the  expert  information  which 
the  Chemical  Warfare  Service  is  in  position  to  supply  on  many 
questions  of  public  welfare.  We  beUeve  that  the  pendulum 
will  eventually  swing  the  other  way,  but  it  is  very  discouraging 
for  those  in  that  Service  to  endeavor  to  continue  their  work 
and  maintain  their  trained  organization  under  the  present 
starvation  policy. 
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Library  Support 

IT  HAS  Ijeen  our  experience  that  those  in  position  to  give 
financial  support  to  scientific  work  are  more  easily  in- 
terested in  some  investigation  or  research  than  in  the  publi- 
cation of  the  results  of  such  research.  In  many  university 
departments  one  of  the  greatest  difficulties  is  the  main- 
tenance of  adequate  library  facilities,  and  doubtless  much 
work  is  needlessly  duplicated  because  records  of  the  past 
are  not  accessible.  Read  again  the  letter  on  "Bibliography 
and  Research,"  page  1085  of  the  November  issue  of  This 
Journal. 

It  is  very  encouraging  to  find  that  the  Department  of 
Chemistry  of  Ohio  State  University  has  just  received  a  gift 
of  $17,000,  the  income  of  which  is  to  be  used  in  developing 
the  library  of  the  department.  In  addition,  the  department 
will  continue  to  receive  its  share  of  the  university  librarj'  funds. 
This  is  a  tj^pe  of  endowment  which  should  be  sought,  and 
we  hope  that  the  example  that  has  been  set  by  Mr.  C.  C. 
Sharp,  the  donor,  may  be  speedily  followed  in  many  other 
universities  and  colleges.  The  Ohio  State  University  is  to 
be  congratulated  upon  its  good  fortune. 


Technical  Exhibits 

"VTO  EFFORT  to  acquaint  the  scientist  and  industrialist 
•'•  with  comparative  progress  in  a  given  field  of  applied 
science  quite  takes  the  place  of  a  national  or  international 
exhibition.  To  realize  the  most  from  the  opportimities 
presented  by  such  an  e.\hil)ition,  manufacturers  will  always 
displaj'  their  best  wares,  models,  or  animated  illustrations 
of  them,  and  put  their  exhibits  under  the  auspices  of  their 
leading  specialists.  Under  such  circumstances  the  ultimate 
consumer  may  gain  valuable  information  from  the  men  he 
meets,  receive  answers  to  his  verbal  questions,  and  make  com- 
parisons on  the  ground.  Chemists  reahze  what  an  im- 
petus has  been  given  to  their  industry  by  the  National 
Exposition  of  Chemical  Industries. 

Now  comes  the  initial  effort  in  the  closely  related  specialty 
— power.  Under  the  guidance  of  an  advisory  committee 
whose  personnel  guarantees  success,  the  First  National  Expo- 
sition of  Power  and  Mechanical  Engineering  opens  at  the 
Grand  Central  Palace  on  December  7,  and  will  continue 
through  the  l.'Jth.  The  moving  macliinery  wliich  will  be 
exhibited  is  sure  to  attract  the  crowd,  but  the  important 
thing  is  to  give  the  i)ublic  a  better  understanding  of  what 
power  means  and  the  need  for  the  conser\'ation  of  the 
resources  upon  which  power  development  depends. 

This  is  of  direct  interest  to  every  chemist,  and  particularly 
the  industrial  chemist,  for  he  plays  a  vital  part  in  power 
production,  tran.smission,  and  utilization.  The  chemist  is 
the  one  who  has  contributed  most  on  the  evaluation  of  fuels 
and  the  development  of  methods  to  control  their  utihzation 
and  insure  efficient  use.  He  has  cooperated  in  devising 
materials  for  constructing  power  plants  and  transmission 
lines.  The  insulating  problem  has  been  a  field  for  his  knowl- 
edge and  research.  Bearing  metals  are  not  successfully 
produced  without  the  chemist.  Lubrication,  so  vital  in 
all  machine  operations,  is  peculiarly  the  chemist's  field,  and 
offers  him  one  of  the  most  important  groups  of  research  prob- 
lems, especially  in  view  of  our  diminishing  petroleum  re- 
sources. In  many  other  ways  he  has  been  directly  con- 
cerned with  that  control  over  the  forces  of  nature  which  we 
call  power. 

The  power  show  will  bring  together  the  latest  devices, 
the  foremost  experts,  and  a  mass  of  instructive  data,  all  of 
which  offer  a  splendid  opportunity  which  the  chemist  should 
not  overlook. 


Science  in  Trade 

(~\P  THE  several  movements  under  way  for  spreading  a 
^^  better  knowledge  of  the  application  of  chemical  science 
to  everyday  affairs,  none  is  more  important  than  that  recently 
initiated  to  teach  chemical  salesmen  the  rudiments  of  the 
science  underlying  their  work.  Chemists  and  educators 
are  often  inclined  to  slight  the  profession  of  the  salesman  and 
to  consider  him  as  one  who  has  no  particular  interest  in  the 
science.  Freciuently  an  inteUigent  salesman  is  embarrassed 
to  find  that  his  customer  knows  more  about  his  product  than 
he  does,  especially  where  ordinary  articles  are  being  offered 
under  fanciful  names.  No  doubt  the  salesman  has  looked 
upon  the  chemist  as  an  unnecessary  evil,  since  frequently 
it  has  been  the  chemist  who  has  been  able  to  tell  the  salesman 
just  what  it  is  he  has  to  offer.  There  has  been  a  lack 
of  understanding,  neither  chemist  nor  salesman  realizing 
how  intimately  the  work  of  one  is  related  to  that  of  the  other. 

In  this  new  course  being  offered  by  F.  E.  Breithut  at  the 
College  of  the  City  of  New  York  under  the  auspices  of  the 
New  York  Chapter  of  the  Salesmen's  Association  of  the  Amer- 
ican Chemical  Industry,  we  have  an  interesting  experiment. 
The  salesman  as  the  representative  of  the  manufacturer 
carries  a  responsibility  which  he  cannot  hope  to  discharge 
fully  without  famiharity  with  the  scientific  viewpoint.  It 
is  true  he  cannot  be  given  a  chemical  education  through  the 
medium  of  ten  lectures,  but  from  the  enthusiastic  reception 
of  the  i^lan  by  the  salesmen,  there  is  reason  to  hope  that  their 
interest  may  carry  them  beyond  the  initial  course.  ;But 
if  not,  the  discourses  upon  the  various  phases  of  chemistry 
included  in  the  course  will  be  certain  to  stimulate  interest  and 
to  create  a  better  sympathy  for  the  science  and  to  make  the 
salesman  a  much  better  representative  of  the  chemical 
industry. 

\Miy  not  go  a  step  further  and  plan  a  course  in  chemistry 
for  purchasing  agents?  This  should  not  be  confined  to  the 
purchasing  agents  of  chemical  plants,  for  to-day  if  any 
purchasing  agent  or  buyer  is  really  to  know  materials,  he  must 
have  something  of  a  scientific  background.  New  products  con- 
stantly coming  on  the  market  are  mostly  created  with  the  aid 
of  science  and  present  a  new  problem  to  the  totally  un- 
scientific man.  To  be  sure,  the  day  has  gone  when  a  certain 
purchasing  agent  refused  to  buy  B.  t.  u.'s  because  he  wanted 
heat,  but  there  are  many  new  specifications  and  novel  ma- 
terials and  in  order  to  pass  upon  them  intelligently  at  least 
a  speaking  acquaintance  with  chemistry  is  essential. 

When  all  the  salesmen  and  purchasing  agents  become  appre- 
ciative of  chemistry,  we  shall  have  gone  a  long  way  toward 
gaining  that  intelligent  sympathy  of  the  public  which  is 
essential  to  our  profession. 


Section  Programs 

T  N  OUR  November  issue  we  offered  to  assist  Local  Sections 
in  the  interchange  of  information  relative  to  their  scientific 
programs.  The  first  program  which  reaches  us  is  in  the  form 
of  a  pocket  card  issued  by  the  Rochester  Section.  On  one 
.side  it  gives  a  li.st  of  the  officials  of  the  Ameuican  Chemical 
Society  and  of  the  Section,  a  blank  in  wliich  the  name  of  the 
member  may  be  written,  and  a  second  line  for  the  signature 
of  the  Secretary-Treasurer  to  denote  good  standing  and  dues 
paid.  The  other  side  of  the  card  gives  details  of  the  meetings 
from  the  30th  of  September  to  the  21st  of  May,  with  the  names 
of  speakers  and  their  connection.  In  addition,  sjjecial  an- 
nouncement cards  are  sent  out  before  each  meeting.  In- 
terest and  good  attendance  are  the  rewards  of  such  enter- 
prise.   Who  has  a  better  plan? 
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Heat  Transfer  by  Conduction  and  Convection' 

II— Liquids  Flowing  through  I'ipes 
By  W.  H.  McAdams'  and  T.  H.  Frost' 

MaSSACHUSKTTS   iNSTlTfTB   OF   TKCHNOtOOY,    CauUKIUGK,    Ma89. 


In  this  article  a  review  of  the  literature  has  been  made,  including 
Reynolds'  analogy  between  heat  transfer  and  friction. 

A  simplified  form  of  the  theoretical  Boussinesq  equation  is  pro- 
posed for  the  film  coefficient  of  heat  transfer,  h,  for  liquid  flowing 
inside  pipes  in  turbulent  motion.  This  equation  is  based  on 
dimensional  considerations,  and  shows  the  relation  between  the 
coefficient,  h,  and  thermal  conductivity,  diameter,  linear  velocity, 
viscosity,  and  density.  According  to  this  equation,  the  coefficient 
varies  directly  as  approximately  the  0.8  power  of  the  product  of 
linear  velocity  and  density  divided  by  the  viscosity  of  the  film,  di- 
rectly as  the  first  power  of  the  thermal  conductivity,  and  inversely  as 
approximately  the  0.2  power  of  the  inside  diameter  of  the  pipe. 

This  equation  has  been  tested,  with  experimental  data  for  water 
from  four  sources,  and  with  data  for  light  oils  from  two  sources  by 


plotting  hD/k  versus  Dup't.  As  shown  by  Fig,  3,  a  straight 
line  may  be  drawn  through  the  experimental  points  on  logarithmic 
paper.  The  coefficient  may  be  predicted  by  use  of  Fig.  3,  or  from 
the  equation  of  the  curve: 


l2.Gt/'D»py"«_  22.6i&/«p\°" 


{For  meaning  of  symbols,  see  Nomenclature  Table.) 
For  water,  since  k  =  0.329  and  p  is  about  62.  this  equation 
becomes 


The  fouling  of  pipes 
gested. 


199  /a\'"' 
\s  discussed,  and  a  factor  of  safety  is  sug- 


IN   A  PREVIOUS  article'.*  on  this  subject  tlic  authors 
pointed  out  the  advantages  of  studying   heat   transfer 
from  the  point  of  view  of  film  coefficients  rather  than 
over-cM  coefficients;   tliis  discussion  is  on  the  same  basis. 

Possibility  of  Two  Types  op  Fluid  Motion 

It  is  well  established  that  a  fluid  flowing  through  a  pipe 
may  assume  either  of  two  types  of  motion — namely,  straight 
line  (viscous)  motion  or  turbulent  (eddy)  motion.  A  full 
discussion  of  this  matter  is  given  in  a  recent  paper,  ^  and  it 
is  there  shown  that  the  "critical"  velocity — i.  e.,  the  average 
velocity  of  flow  at  wliich  straight  fine  motion  tends  to  break 
over  into  the  more  common  turbulent  motion — is  figured 
by  the  foUowng  equation: 

16*1       942m 
'^       pdfc  p 

In  this  equation  Uc  is  the  critical  velocity  in  ft.  per  sec. — 
namely,  the  cu.  ft.  per  sec.  flowing  tlirough  the  pipe  di\'ided 
by  its  cross  sectional  area  in  sq.  ft. ;  ju  represents  the  absolute 
viscosity  of  the  fluid  in  lbs.  per  sec.  per  ft. ;  (/  represents  the 
inside  diameter  of  the  pipe  in  feet,  and  p  is  the  density  of 
the  liquid  at  its  average  temperature  in  lbs.  per  cu.  ft.  How- 
ever, it  was  there  shown  that  in  some  cases  unstable  viscous 
motion  may  develop,  with  the  result  that  the  break  does 
not  occur  until  the  velocity  becomes  tliree  times  that  calcu- 
lated from  the  foregoing  formula.  In  other  words,  the  velocity 
at  which  one  type  of  motion  ceases  and  the  other  begins 
is  rather  uncertain.  Nevertheless,  calculations  of  critical 
velocity  should  be  made  in  all  cases,  inasmuch  as  equations 
for  the  heat-transfer  film  coefficient  for  the  common  type 
of  flow  (turbulent  motion)  may  not  hold  for  ^^scous  motion. 
This  is  because  in  turbulent  motion  the  liquid  at  any  cross 
section  is  continually  being  mixed  by  eddy  currents,  the  main 
resistance  being  found  in  the  relatively  stationary  film  of 
liquid  at  the  wall,  whereas  in  \iscous  motion  eddy  currents 
are  absent  and  the  heat  must  flow  between  the  pipe  and  the 

1  Received  August  21,  1922. 

'  Published  as  Contribution  No.  77  from  the  Department  of  Chemical 
Engineering,  Massachusetts  Institute  of  Technology. 

■  Associate  Professor  of  Chemical  Engineering,  Massachusetts  Institute 
of  Technology. 

«  Instructor  of  Chemical  Engineering,  Massachusetts  Institute  of 
Technology. 

*  Numbers  in  the  teit  refer  to  the  Bibliography,  p.  1104. 
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main  body  of  liquid  solely  by  the  process  of  conduction 
through  a  layer  which  is  thicker  than  in  the  case  of  turbu- 
lent motion.  Fig.  1  shows  how  the  critical  velocity  varies  with 
the  "kinematic"  viscosity  (ji/p)  for  a  pipe  0.62.5  in.  in  diam- 
eter. (  For  other  sizes  multiply  ordinates  by  -r-V 
y  Act. 

Scope — The  greater  part  of  experimental  data  for  the  flow 
of  liquids  has  been  confined  to  the  flow  of  water  through 
pipes  of  various  diameters.  Fortunately,  the  velocities  used 
in  commercial  practice  are  nearly  always  far  above  the 
critical  velocity,  and  this  paper  will  deal  primarily  with  the 
flow  of  water  under  these  conditions  through  tubes  or  pipes. 
The  possibility  of  the  two  types  of  motion  has  been  mentioned 


Fig.  1 — Criticai,  Vei.ocitibs  dj  Pipbs 


at  this  point  for  two  reasons:  first,  because  occasionally 
the  cooUng  pipes  through  which  the  water  flows  may  be  so 
small  and  the  velocity  so  low  that  turbulent  flow  will  not  be 
found;  and  second,  because  the  flow  of  fiquids  more  viscous 
than  water  will  be  touched  upon  in  this  article. 
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dp 


(2) 


(3) 


(5) 


Theoretical  Discussion 

Reynolds'  Derivation:  Analogy  between  Heat  Trans- 
fer AND  Friction — In  1874  Re)Tiolds'  derived  a  theoretical 
equation  for  the  coeflBcient  of  heat  transfer  for  the  case  under 
discussion.  This  was  based  on  the  assumption  of  a  certain 
relation  between  heat  transfer  and  his  law  for  the  relation 
between  the  friction  factor  and  a  certain  group  of  variables. 
The  latter  has  been  given  a  thorough  test  and  found  to  be 
valid.    His  derivation  is  essentially  as  follows: 

Consider  a  differential  length,  dx  ft.,  of  a  pipe  of  inside  radius 
r  ft.  through  which  water  at  the  temperature  t°  F.  is  flowing 
at  a  rate  of  w  lbs.  per  sec.  and  at  an  average  velocity  of  u  ft. 
per  sec.  The  temperature  of  the  inner  wall  of  the  pipe  at  this 
section  is  T°F.,  the  specific  heat  of  the  water  is  C  B.  t.  u.  per 
lb.  per°F.,  and  the  density  is  p  lbs.  per  cu.  ft. 

1 — By  means  of  a  heat  balance,  the  rate  of  heat  transfer  per 

unit  area  of  inner  pipe  wall  (Q/Ae),  e.\pressed  as  B.  t.  u.  per  hr. 

per  sq.  ft.,  may  be  equated  to  the  heat  picked  up  by  the  water. 

Q^   _  3600  w  C  dt 

Ae  ~      2     T  r  dx 

2 — According  to  the  familiar  Fanning  equation  for  friction, 

the  loss  of  intensity  of  pressure  is 

f  dx  i>  u^ 

where  /  is  the  experimentally  determined  friction  factor  and  g 
equals  the  acceleration  due  to  gravity,  32.2  ft.  per  sec.  per  sec. 

3 — Assume  that  the  pressure  lost  due  to  friction  iirr'dp) 
divided  by  the  momentum  of  the  water  (wu/g)  equals  the  heat 
transferred  to  the  water  divided  by  the  heat  which  would  have 
been  transferred  if  the  water  had  been  warmed  to  the  tempera- 
ture of  the  wall. 

Trr'^dp  w  C  dt  ,., 

wu/g     ~  w  C  (T  —  i) 
By  combining  these  equations  one  obtains 
Q 
Ae(T-/)  =  A  =  1800  C/p  u 

It  should  be  noted  that  the  last  equation  is  Newton's  law  solved 
for  the  film  coefficient  of  heat  transfer,  h,  between  the  pipe  wall 
and  the  water. 

A  careful  inspection  of  Equation  3  shows  that  the  friction 
factor  has  no  dimensions.  In  1883  Reynolds*  predicted  that 
/  should  be  some  function  of  certain  variables  grouped  so  as  to 
have  no  dimensions.  It  was  known  that  four  variables  affected 
/ — namely,  diameter,  d,  velocity,  u,  density,  p,  and  absolute 
viscosity,  ii.  Noting  that  the  dimensions  of  absolute  vis- 
cosity in  English  absolute  units  are  lbs.  per  sec.  per  ft.,  it  is  seen 
that  the  arrangement 

dup        (ft.)  (ft./sec.)  (Ibs./cu.  ft.) 
M     °°  (Ibs.)/(sec.)(ft.) 

has  no  dimei:''ons.  Furthermore,  it  is  the  only  one  filling  this 
requirement.  Reynolds  assumed  the  relation  between  /  and 
dupiti  to  be  an  exponential  one,  and  this  has  been  found  from 
many  experiments*  to  be  the  case.  For  turbulent  motion /is  found 
to  vary  as  some  exponent  y,  which  changes  very  slowly  with 
large  variations  in  dup/ii.  The  relation  between  /  and  dup/n 
is  shown  in  Fig.  2. 

The  right-hand  branch  of  the  curve  is  seen  to  be  quite  flat, 
although  the  slope  is  changing  very  slowly.  For  this  branch, 
{  <=  a  (dup/ii)y,  an  average  line  would  give 

/  =  a((f«p/M)-«»  (6o) 

The  left-hand  branch,  for  viscous  motion,  has  the  equation 

/  =  16(<ittp/M)-'  (66) 

the  value  of  y  being  constant. 

The.se  predictions  of  Reynolds  have  greatly  simplified 
calculations  for  the  flow  of  liquids  and  gases  through  pipes, 
as  values  of  /  for  all  conditions  may  be  read  as  ordinatcs 
from  a  single  plot  (such  as  Fig.  2)  with  dup/fi  as  abscissae. 
Practical  application  of  this  relation  has  been  made  elsewhere, 
but  it  was  introduced  here  for  reasons  which  appear  below. 

Instead  of  using /in  Equation  5  as  a  variable,  Reynolds 
substituted  its  equivalent  from  Equation  6a,  obtaining  for 
turbulent  motion: 


h  = 


1800  a  C  (pii«)  p}-n 


(7) 


(6) 


where,  for  convenience,  1  -j-  y  tas  been  replaced  by  n. 

This  equation  states  that  the  film  coefficient  of  heat  trans- 
fer should  be  a  direct  function  of  the  linear  velocity,  density 
and  viscosity,  and  an  inverse  function  of  diameter.  For 
example,  for  turbulent  motion  where  n  =  0.8  (and  y  = 
—  0.2),  this  becomes 

lS00oCfp«)°-V« 
«  =  JTi (7a) 

In  1897  Stanton'  tested  this  relation  with  his  data  for 
water  flowing  through  18-in.  lengths  of  several  small  sizes 
(0.29,  0.42,  and  0..55  in.)  of  copper  tubes.  The  value  of  n 
for  Equation  7  was  found  to  be  about  0.83,  and  Reynolds' 
equation  allowed  satisfactorily  for  variations  in  h  due  to 
velocity  and  diameter,  hut  did  not  alloxu  for  the  actual  effect 
of  viscosity.  Stanton  found  empirically  that  Equation  7a 
divided  by  the  first  power  of  the  \dscosity  would  fit  his  data — 
namely, 

a.  C  (pii)o->' 
h  =      jo.n  ^o.u  (76) 

where  Oi  is  a  new  constant.  However,  Stanton  abandoned 
Equation  7b,  apparently  because  it  was  different  from 
Reynolds'  equation,  and  adopted  the  following  empirical 
equation: 

,        a2iC)(pu)o-^'^<'-"il+ar)a+0t) 

h  =  a^, (8) 

where  a^,  a,  and  0  are  new  constants. 
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Fio.  2 — Variation  of  Friction  Factor  (/)  in  Equation  3  wiTe 

Derivation  op  Rational  Formulas — It  seems  strange 
that  Reynolds  did  not  apply  the  same  process  of  "dimen- 
sional reasoning"  to  the  heat  transfer  problem,  which  proved 
so  valuable  for  the  pressure  drop  relations.  By  definition, 
the  film  coefficient  h  equals  the  thermal  conductivity  k  divided 
by  the  effective  film  thickness  L— i.  e.,  h  —  K/L.  Values 
of  k  may  be  easily  obtained  from  tables  of  physical  con- 
stants,! so  the  only  problem  is  the  prediction  of  what  va- 
riables determine  L.  L  has  linear  dimensions.  While  both 
length  and  inside  diameter  fill  this  requirement,  it  does  not 
seem  reasonable  that  the  length  of  the  pipe  has  any  effect 
on  the  coefficient.  Since  there  are  indications'  that  the 
zone  of  relatively  low  velocity  in  a  pipe — referred  to  as  the 
film  of  effective  thickness,  L — is  directly  proportional  to  the 
diameter  of  the  pipe,  other  things  being  equal,  it  will  be 
assumed  that  L  varies  as  d.  The  effective  thickness  of 
film  is  known  to  be  a  function  of  several  variables,  such  as 
velocity  and  viscosity.    Since  the  friction  factor  and  the 

t  See  also  Reference  1  for  means  of    predicting  k    by  H.  F.  Weber's 
equation. 
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u     =     Av.  velocity  of  liquid  in  ft.  per  sec. 
p      =    Av.  density  of  the  liquid  in.  lbs.  per  cu.  ft. 
Z     =     Av.  viscosity  of.liquid  film  relative  to  water  at  68°  F. 

"  ' 

' 

,' 

/ 

' 

/' 

' 

Explanation  op  Points 
Water 

/ 

tubing.      (Ref.  13) 
X          Wishnew  (M.  I.  T.).std.  Vt-in.  brass  pipe.     (Ref.  11) 
O         Trowbridge(M.I.T.).std.Viin.-copperpipe.  (Ref.  12) 
Webster  (Scotland), 'A-in.  copper  pipe.    (Ref.  13) 

on 

* 

/> , 

''o 

''    o" 

( 

,  " 

/ 

Ail 

e           Barton  and  Safford  (M.  I.  T.),  '/»-in.  std.  steel  pipe. 
(Ref.  14) 

.? 

/ 

( 

M 

A       Voss  (M.l.  T.).  I'A-in.  std.  steel  pipe.  (Ref. 

14 

° 

A 

j^ 

'y' 

.rr 

K 

y 

; 

> 

'>\t 

/ 

) 

i 

J 

t/  ' 

9' 

'a 

( 

Z?t 

'^) 



, 

^ 

_ 

r  ; 

_ 

t 

. 

. 

) 

i 

. 

•it. 

' 

^  .  .t:=; 

J-  iXWJ 

/.d 

10.0 

/oo.o 

Qda6 

OOOAO 

film  thickness  are  determined  by  the  degree  of  turbulence 
{dup/n),  it  seems  reasonable  to  suppose  that  this  same 
"dimensionless"   ratio  would  determine   the  effective  film 
thickness  for  heat  transfer. 
Hence,  we  assume 

k  bk/dup\n 

^  =  1  =  n—)  (9) 

where  b  and  n  are  to  be  experimentally  determined.    It 
should  be  noted  that  this  equation  is  a  logical  one,  in  that 
all  dimensions  cancel. 
Rearranging, 

/'  =  |^"  («^) 

This  checks  with  Stanton's  experiments  on  viscosity. 
However,  he  apparently  abandoned  it  and  adopted  Equation 
8,  which  contains  the  two  empirical  correction  factors  for 
temperature.  (In  1912,  Stanton'  derived  Equation  9a 
for  gases  from  Equation  7a  by  assuming  that  C  =  atyk/fi, 
neglecting  variations  in  y,  the  ratio  of  specific  heat  at  con- 
stant pressure  to  that  at  constant  volume,  and  assuming  az 
to  be  substantially  constant.) 

Equation  9a  indicates  that  the  film  coefficent  h  for  a 
given  sized  pipe  and  fluid  varies  directly  as  the  product  of 
the  hnear  velocity  and  the  density  to  the  power  n,  and 
inversely  as  the  viscosity  to  the  same  power.  Furthermore, 
the  slope  of  the  curve  or  value  of  the  exponent  n  theoretically 
may  be  predicted  from  the  friction  factor  plot,  since  1  +  y 
=  n.  Equation  9  indicates  the  general  relation  between 
the  fihn  coefficient  h  and  linear  velocity,  density,  viscosity, 
diameter,  and  thermal  conductivity.  It  is  obvious  that 
the  logical  method  of  testing  this  theoretical  relation  is  to 
plot  hd/k  versus  dup/ij.  on  logarithmic  paper.  If  the  theory 
is  correct,  the  slope  will  be  practically  constant  over  a  con- 
siderable range  of  dup/ti,  and  6  may  be  determined  from  the 
ordinate  where  dup/n  equals  unity. 

As  a  matter  of  convenience,  diameter  in  feet,  d,  has  been 
replaced  by  diameter  in  inches,  D,  and  absolute   viscosity 


in  Ibs./sec./ft.,  m.  has  been  replaced  by  rdative  viscosity  in 
centipoises,  «.  Since  water  at  68°  F.  (20°  C.)  has  a  vis- 
cosity of  1.00  centipoise,  the  viscosity  in  centipoises  is  numer- 
ically the  same  as  viscosity  relative  to  water  at  68°  F.,  a 
concept  which  may  be  readily  visualized.  (It  should  be 
noted  that  z  is  the  reciprocal  of  the  relative  fluidity  /  used 
in  our  preceding  article.)  Hence,  we  shall  plot  hD/k  versus 
Dup/z  to  determine  the  value  of  b  and  n  in  the  expression 


bk  /  Pup  Y 


(96) 


In  1909,  Nusselt'  applied  the  "principle  of  physical  homo- 
geneity" to  the  problem  of  predicting  the  relation  between 
the  film  coefficient  of  heat  transfer  for  gases  and  certain 
variables.    As  a  result  he  obtained  the  following  equation: 


» -  '4m  m 


He  then  assumed  n  =  m,  giving 


aj! 


i^y 


(10) 


(lOo) 


which  is  the  same  as  the  Boussinesq'  equation  derived  in 
1905.  (However,  Boussinesq  did  not  test  this  theoretical 
equation  with  data  in  order  to  prove  its  validity  and  to 
determine  the  constants  necessary  for  its  use.)  Nusselt 
used  Equation  10a  in  correlating  his  data  for  various  gases 
flowing  inside  pipes.  This  equation  fitted  the  data  very 
well,  but  mainly  because  of  the  use  of  the  term  {up)".  Other 
equations,  employing  (up)",  but  containing  terms  different 
from  those  in  Equation  10a,  also  fit  the  data. 

It  should  be  noted  that  Equation  9  may  be  obtained  from 
the  Boussinesq  equation  by  placing  m  =  0.  Instead  of 
m  being  equal  to  n,  or  m  being  equal  to  zero,  it  may  be  that 
both  m  and  n  are  finite,  which  would  require  a  three-co- 
ordinate or  "space"  diagram  instead  of  the  one  employed 
in  Fig.  3.  If  this  is  true,  the  coordinates  would  be  (hd/k), 
(dup/ix),  and  (Cn/k).  It  is  possible  that  the  Boussinesq 
equation  may  prove  to  be  the  ultunate  general  equation  for 
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the  film  coefficient  of  heat  transfer  for  all  fluids  flowing  in 
pipes. 

In  recent  years  Buckingham'"  has  published  papers  dealing 
with  dimensional  equations  for  heat  transfer  for  fluids  flowing 
in  pipes.  While  his  equations  were  of  the  same  general 
nature  as  those  discussed  above,  they  are  not  identical  and 
apparently  were  not  tested  with  experimental  data. 

Experimental  Data 

Water — Considerable  data  have  been  collected  in  these 
laboratories  to  determine  the  film  coefficient  of  heat  transfer 
for  water  flowing  through  pipes.  The  apparatus,  wliich  was 
similar  to  that  described  in  our  previous  article,  permitted 
the  simultaneous  determination  of  the  coefficients,  both  on 
the  water  side  and  on  the  steam  side.  The  coefficients  were 
calculated  from  the  data  as  previously  described.  In  addi- 
tion to  these  data  collected  by  Wishnew"  and  Trowbridge" 
in  connection  with  undergraduate  theses,  data  for  water 
from  two  other  sources"  have  been  calculated  to  our  basis 
and  are  also  shown  in  Fig.  3. 

The  range  of  variables  in  Fig.  3  is  as  follows: 


Lowest 160  0.6  •/■  0.3  25 

Highest 2700  20.0  2  1.0  1800 

Oil — On  this  same  plot  are  included  a  few  data  for  min- 
eral oils  of  low  viscosity.  ^Vhile  these  data'^  are  not  so 
reliable  as  those  for  water,  owing  to  the  lack  of  exact  in- 
formation concerning  certain  physical  properties,  yet  they 
are  compatible  with  them.  Hence,  in  the  lack  of  additional 
data  for  oil,  the  use  of  Fig.  3  is  recommended  for  purposes 
of  estimation. 

Below  the  critical  velocity  y  =  —I,  and  since  y+\=n, 
n  should  be  equal  to  zero  for  viscous  motion.  Under  these 
conditions  Equation  96  reduces  to 

fc  =  ^  (9c) 

No  data  are  at  present  available  to  determine  whether 
Equation  9c  will  hold  under  these  conditions.  Hence,  the 
use  of  the  plot  below  the  critical  velocity  is  not  recommended. 
As  shown  by  Equation  1,  dup/ij.  =  16//c  =  942,  at  the 
theoretical  critical  velocity,  which  is  equivalent  to  an  ab- 
scissa in  Fig.  3  of  Dup/z  of  about  7.6.  J  If  unstable  viscous 
motion  develops,  Dtip/z  might  be  as  high  as  23.  However, 
the  probability  of  unstable  viscous  motion  where  heat  is 
being  transferred  is  remote.  Hence,  the  curve  in  Fig.  3 
should  not  be  used  below  an  abscissa  of  8. 

FouLiNO  OP  Pipes— It  has  long  been  known  that  in  heat- 
transfer  apparatus  the  inner  surfaces  of  the  pipes  carrying 
certain  liquids  become  covered  with  a  deposit  of  solid  matter. 
For  example,  where  the  cooling  water  contains  dissolved 
bicarbonates  such  as  calcium,  these  decompose  under  the 
action  of  heat  and  a  scale  of  carbonate  is  formed.  Further, 
a  slime  is  often  deposited,  due  to  dirt  in  the  cooling  water. 
In  the  ca.se  of  c)ils,  deposits  containing  naphthalene,  paraffin, 
and  other  materials  may  form.  The  scale  or  deposit  in  any 
ca.sc  adds  another  resistance  to  heat  transfer,  which  varies 
directly  with  the  thickness  and  nature  of  the  deposit.  Al- 
lowance made  for  this  should  be  by  adding  another  resistance 
tenn  to  the  denominator  of  Equation  1  of  our  previous 
article.  Instead,  it  is  customary  to  multiply  the  liquid 
film  coefficient  ijy  a  cleanliness  factor,  Ci,  which  never  ex- 
ceeds unity.  The  use  of  such  a  cleanliness  factor  is  not 
theoretically  sound,  as  in  a  given  jiipe  containing  a  definite 
scale,  the  value  of  c,  might  be  0.4  with  a  very  high  liquid 
film  coefficient  and  0.8  with  a  very  low  coefficient. 


In  1921,  Frost  and  Manley'^  found  the  film  coefiicient  in 
2-Ln.  standard  steel  pipe  after  two  months'  use  with  water 
decreased  to  75  per  cent  of  its  value  in  the  new  pipe — i.  e.,  Ci  = 
0.75.  After  a  thorough  cleaning  the  original  values  were 
obtained. 

^^^len  verj'  bad  cooling  water  is  encountered,  or  where 
napthalene,  paraffin,  etc.,  may  deposit  from  oUs,  a  value  of 
Ci  =  0.5  is  suggested. 

Optimum  Velocity  of  Liquid  in  a  Condenser 

With  data  available  for  the  film  coefiicient  from  condens- 
ing vapor  to  soUd,  it  is  possible  to  calculate  the  over-all 
coefficient  in  apparatus  such  as  condensers,  water  heaters, 
etc.,  for  any  given  conditions.  Knowing  the  costs  of  heating 
surface  and  pumjiing,§  one  can  make  an  economic  balance 
to  determine  the  optimum  Uquid  velocity.  The  method  of 
calculation  has  been  indicated  in  a  recent  paper"'  for  the 
case  of  the  heating  of  air  by  steam. 

NoMENCiATURE  Table 

English  Symbols 

o  (ai,  at,  at)    =    Constants. 
b  =    Constant 

C  =    Specific  heat  of  liquid  =  B.  t.  u.  /lb.  '°F.  =  cal/g./'C. 

d  =    Actual  inside  diameter  of  pipe  in  feet. 

D  =    Actual  inside  diameter  of  pipe  in  inches, 

f  =    Friction  factor  (no  units), 

g  —    Acceleration  due  to  gravity  =  32.2  ft. /sec/sec. 

5  =    Coefficient  of  iieat  transfer  through  liquid  film  inside  of 

pipe  =  B.  t.  u./hr./sq.  ft.   of    inner    wall    of    pipe    per 

*•  F.  difference  in  temperature  between  inner  wall  of  pipe 

and  liquid  at  the  center  line  of  pipe. 
*(K)  =   Thermal    conductivity    of    stationary    liquid  =  B.  t.  u./ 

hr./  sq.  ft./  "  F.  per  foot  of  thickness. 
L  =    Effective  thickness  of  film,  in  feet, 

m  =    Exponent. 

n  =   Exponent  =  1  +  y. 

p  =    Intensity  of  absolute  pressure,  Ibs./sq.  ft,  of  cross  section. 

Q  =    Quantity  of  heat  transferred  at  right  angles  to  heat  transfer 

surface,  B.  t.  u. 
r  =    Inside  radius  of  pipe  in  ft,  =  d/2, 

T  =    Temperature  of  inner  wall  of  pipe,  "  F, 

t  =    Temperature  of  water  at  center  line  of  pipe,  ®  F. 

M  =    Average  water  velocity,  ft. /sec. 

ID  <=    Average  rate  of  flow  of  water,  lbs. /sec. 

.T  =    Length  of  pipe  in  ft. 

y  =    Exponent  at  average  film  temperature, 

z  =    Viscosity  of  liquid  at  average  film  temperature  relative  to 

water  at  68°  F.  (20°  C.)  as  unity  =  centipoises. 

Greek  Symbols 
a  =    Constant. 

0  =    Constant. 

7  =    Ratio  of  specific  heat  of  gas  at  constant  pressure  to  that  at 

constant  volume. 
»  =    3.14. 

p  =    Density  of  liquid  at  center  line  temperature.  Ibs./ca.  ft. 

II  =   Absolute    viscosity     of    liquid,      Ibs./sec./ft.,     -    0.0672 

poises  =  0.000672  centipoises. 
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The  Standardization  of  Laboratory  Gas  Cocks' 


By  S.  W.  Parr 

UNiviiRsiTY  OH  Illinois,  Uroana,  III. 


EVERY  chemistry  department  is  doubtless  able  to  furnish 
a  horrible  example  of  the  kind  of  gas  cocks  that  should 
not  be  installed.  Fig.  1  may  serve  as  an  illustration. 
The  final  appeal  which  seemed  to  carry  weight  in  scrapping  these 
cocks  was  the  argument  of  a  serious  fire  risk  in  a  building  already 
well  suppUed  in  that  particular.  Actual  examples  were  not 
lacking  by  way  of  illustration. 


The  replacement  of  these  old  cocks  by  new  ones  of  acceptable 
pattern,  however,  was  found  to  be  not  a  simple  matter.  One 
of  the  largest  firms  specializing  in  this  sort  of  equipment  recently 
filled  an  order  in  this  laboratory  for  several  hundred,  of  which 
Fig.  2  is  an  illustration.  These  were  rejected  as  imsatisfactory, 
the  reason  being  that  rubber  tubing,  after  serving  for  a  time  on 
cocks  of  the  Fig.  1  pattern,  or  on  burners  of  equally  unfortunate 
dimensions  as  to  hose  connections,  woidd  form  no  attachment 


«^=-=l^ 


whatever  for  gas  cocks  like  those  of  Fig.  2,  and  the  fire  risk  would 
be  again  evident.  The  manufacturers  argued  that  better  tubing 
should  be  used;    but  the  annual  order  in  this  latwratory  is  for 

'  Received  September  20,  1922. 


an  amount  of  burner  tubing  exceeding  one  mile  in  length,  and 
an  increase  m  cost  for  this  item  of  200  per  cent  seemed  not  to  be 
appreciated  by  tlie  manufacturer  of  brass  goods. 

Again,  it  was  proposed  recently  to  equip  a  number  of  new  desks 
with  the  cock  shown  in  Fig.  3.  These  were  admitted  only  on 
the  promise  that  they  would  be  removed  when  a  satisfactory 
substitute  could  be  found.  They  are  chiefly  objectionable  for  (he 
reason  that  a  laboratory  fully  equipped  with  these  cocks,  nclud- 
ing  gas,  air,  and  vacuum,  is  suggestive  of  the  fretful  porcupine. 
If  the  extravagant  and  useless  waste  of  metal  in  the  hose  exten- 
sion were  put  into  an  enlargement  of  the  key  and  barrel,  it  would 
be  an  improvement.  Fig.  4  presents  a  working  sketch  of  a  cock 
which  one  of  the  large  factories  has  agreed  to  adopt  to  meet  our 
own  needs  at  least.  With  an  order  for  approximately  500 
cocks,  it  should  be  possible  to  obtain  the  exact  pattern  desired. 
The  sketch  is  self-explanatory.  The  diameter  of  the  smallest 
and    largest    corrugation    in    an    extension    length   of    l'/«  in. 


^r///g 


2  P/pe 
Threac/ 


Defa//  of  Corruffc7r/on 

Fio.  4 

affords  ample  range  for  all  reasonable  variations  of  condition  and 
size  of  rubber  tubing.  Attention  may  also  be  called  to  the  fact 
that  the  outer  edge  of  each  corrugation  has  a  slight  angle  and  not 
a  roimded  surface.  This  operates  with  a  sort  of  barb-like  effect 
which  permits  of  easy  slipping  on  of  the  tubing  and  positive 
resistance  to  its  removal.  At  the  same  time  these  angles  are  not 
so  sharp  as  to  produce  cutting  of  the  tubing. 
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Some  Recent  Developments  in  the  Manufacture  of 
Natural  Gas  Gasoline' 


By  F.  E.  Hosmer  and  F.  M.  Seibert 
Gulf  Pipe  Line  Company,  Houston,  Texas 


fT^HAT     gasoline    can  From  the  following   discussion  it  is  eoident  that  wide  choice  of  contains    no    gasoline    will 

I        be    extracted     from  methods  for  recoeering  gasoline  from  casinghead  gas  is  aoailable.  "lOt    -pick    Mp    any    vapors. 

natural        gas       and  Most  of  the  deoelopments  in  recent  years  haoe  been  along  the  line  This     condition    exists     in 

casinghead     gas    has    long  of  absorption.     A    comparison   of  the   costs   of   installation   and  wells     in     the    Gulf    Coast 

been    known,    but   its    pro-  operation  of  the  carious  methods,  and  a  consideration  of  the  yields  District, 

duction     has    only     within  of  marketable  product,  indicate  clearly  {in  the  opinion  of  the  writers)  Other  factors  Controlling 

the  past  few  years  become        ihat  absorption  methods  are  the  most  practical.    For  those  com-        the  amount  of  vapor  picked 
of  commercial  importance,        panics  which  have  sufficient  oil  production  and  which  run  the  oil        ^'P  by  gas  are  as  follows: 

owing  to  the  increase  in  the  ;<,  (hdr  own  refineries,  the  best  method  to  use  is  that  of  crude  oil  the     porosity    of     the    oil- 

number  of  internal  combus-        absorption.    The  plant  construction  is  eery  simple  and  the  shipping        bearing  strata,  the  depth  of 

tion  engines.  losses  are  considerably  reduced,  particularly  so  in  case  the  oil  is  the     well,    and    the     rapid 

In  1904  there  were  only        transported  in  pipe  lines  to  the  refiner.  expansion  of  the  gas  wliich 

two  small  plants  producing  causes   variations  in   tem- 

casinghead  gasoline.    Both  perature. 

of  these  plants  were  somewhat  crude,  and  their  production  Inasmuch  as  the  yield  of  gasoline  from  natural  gas  is  largely 

for  the  year  was  only  400  barrels.    At  that  time  there  was  dependent  upon  the  proportion  of  the  vapor  of  the  liquid 

very  little  demand  for  gasoline,  the  products  mostly  desired  paraffins  in  the  gas  mixture,  the  character  of  the  oil  in  a  sand 

being  kerosene,  lubricants,  and  fuel  oil.    In  1911  there  were  is  of  considerable  importance.    Crude  oU  is  a  mixture  of 

176  plants  in  operation,  and  the  production  was  7,425,000  gal.  several  series  of  closely  related  complex  hydrocarbons  and  of 

In  1920  there  were  650  plants,  with  a  production  of  483,000,000  various  other  organic  substances.    There  are  often  present 

gal.    These  figures  portray  the  rapid  growth  of  the  industry,  several  different  compounds  corresponding  to  a  particular 

molecular  weight,  the  boiling  points  of  which  lie  so  closely 

Chemistht  of  Natural  Gas  together  that  their  separation  by  fractional  distillation  is 

In  the  gasoline  industry,  natural  gas  is  popularly  classi-  impossible.    The  liquid  hydrocarbons  of  chief  concern  to  the 

fied  in  two  great  divisions-wet  gas  and  dry  gas.    The  S^^^^e  industry  are  the  pentanes   he'canes,  and  heptanes. 

•      f               „„ii    ;„  „„„«,rii„  ^lo^oifio^  oo  ^r-T  rroQ  Natural  gases  in  the  oil  fields  of  the  United  States  are  prin- 

eas  coming  from  gas  wells  is  generally  classmed  as  dry  gas,  •     „         -t.             r        ^i             iv,                           u  ;  „„ 

J  iL  1         •      f    ^  „;i  ™„ii„  :e  «»-,.„;«„  »«„  r,ocrvi;r,»  -.ro  cipally    mixtures    of    methane,    ethane,    propane,    butane, 

and  that  coming  from  oil  wells,  u  carrying  any  gasoline  va-  ^    ■'                              n»iu                 >    f    f      < 

.          -J     J         „t  „  „  pentane,  and    hexane.     Methane    is   always   present   in   a 

Dors.  13  considered  as  wet  gas.  ^,     ,        ■     ^,                        j-^-         t-'..         i                i-     -j 

Natural  gas  is  a  mixture  m  which  the  hydrocarbons  of  the  ^'/^*T\.'°,\h^^  6=^^°"^  condition     Ethane  becomes  a  liquid 

paraffin  series  predominate.    Small  proportions  of  nitrogen,  a*  9^°  F.  if  the  pressure  reaches  the  value  o    664  Ibs./sq. 

*^   ,        J-     J         A *„,  ,.„„„,  o^o  „=,„>ii„  T^roeont      Tn  ^'    Thcreforc,  if  a  gas  consisted  of  ethane  alone  and  was 

carbon  dioxide,  and  water  vapor  are  usually  present,    in  .•    .    >  .                        ■     ^.i.         ^u     c  cca  iu      •*         u 

some  cases  natural  gas  contains  as  high  as  35  per  cent  carbon  subjected  to  a  pressure  m  the  earth  of  664  lbs.    it  would 

dioxide.    There  is  a  record  of  one  natural  gas  which  contains  Probably  be  liquefied     In  the  case  of  a  gas  contaming  50 

98  per  cent  carbon  dioxide.    A  gas  in  which  there  is  a  large  f^'  T^^J^aa^  '"',1c  ,f ""  ''^^^  'T^^^^^^'.  a  Pressure  of  at 

quantity  of  nitrogen  may  also  contain  helium.    The  recov-  l<;f  *  2  X  664,  or  1328  lbs.  would  be  requu-ed  to  liquefy   he 

ery  of  this  very  light  gas  for  use  in  the  inflation  of  baUoons  is  ^tjiane  at  95°  F.    This  fact  is  explained  by  discussion  of  the 

being  attempted  by  the  War  and  Navy  Departments.  ^^^^1  of  partial  pressures. 

When  a  gas  bubbles  through  or  over  a  liquid,  it  takes  up  and  Fractionation  of  a  Typical  Wet  Gas 

carries  along  vapor  or  minute  particles  of  the  liquid.    The  Percent 

proportion  by  weight  of  the  vapor  taken  up  increases  as  the  Mhane".!'.'.'.'.'.'.' '.'.'.'.'.'.'.'.'.'.'.'.    sale 

temperature  rises  and  as  the  pressure  of  the  gas  decreases,  Buud^pmum ".'.    ^\}s\ 

but  is  practically  independent  of  the  nature  of  the  gas  as  Hexane .■.■.'.'.'.'.'.'.'.'.'."     a!?}'-^ 

long  as  no  chemical  reactions  occur.     When  a    natural    gas  Fractionation  op  a  Typical  dry  Gas 

comes  in  contact  with  petroleum  in  the  earth,  principally,  Percent 

those  fractions  of  the  petroleum  having  the  lower  boiling  ntb^n^^..'!y.'.'.'.'.V.'.'.'.'.V.'.'.    ^s'o 

points  are  taken  up,  inasmuch  as  their  vapor  pressures  are  nuJo  °cn i  4 

higher  than  those  of  the  other  fractions  at  the  prevailing 

temperature.    These  vapors  are  carried  with  the  gases  in  It  will  be  seen  that  9.5  per  cent  of  this  gas  is  liquefiable  in 

the  same  manner  that  water  vapor  is  carried  in  air.    Gases  plant  practice.    Based  on  1000  cu.  ft.  of  gas,  the  condens- 

in  oil-bearing  formations  thus  mix  with  oil  vapors,  and  the  able  portion  will  be  95  cu.  ft.     It  takes  about  32  cu.  ft. 

content  of  vapor  in  the  gas  in  these  formations  is  dependent  of  pure  vapor  of  this  character  to  make  1  gal.  of  gasoline. 

upon  the  pressure  and  temperature,  as  well  as  upon  the  in-  The  95  cu.  ft.  condensed  would  be  about  3  gal.  of  liquid  gaso- 

timacy  of  contact  between  gas  and  oil.    The  effect  of  pres-  line.    The  yield  of  such  gas  is  usually  expressed  as  about 

sure  ia  largely  exerted  through  its  influence  ujwn  the  rate  of  3  gal.  pter  1000  cu.  ft. 

diffusion  of  the  vapor.  Description  of  Methods 
Obviously,  gas  from  an  oil  well  yielding  a  crude  that 

The  two  most  important  methods  of  producing  gasoline 

.Presented  before  the  SccUon  of  Petroleum  Chemistry  at  the  63rd        .     ^  ,  ■^^^^  industry  are  the  compression  and  the 

Meetini  of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to       "'  "  ^  "<»i/u  >.    tj  J  r^ 

7_  ,922.  absorption  processes.    When  usmg  compression  at  pressures 
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less  than  100  lbs.  the  discharge  from  the  compressors  is  passed 
through  water-cooled  coils  into  an  accumulating  tank  where 
the  condensate  collects.  The  gas  then  passes  out  into  the 
fuel  lines,  and  gasoline  is  trapped  off  into  stock  tanks.  Where 
high  pressures  are  used,  two-stage  compressors  arc  employed. 
Low-pressure  cylinders  compress  tlio  gas  to  about  50  liis./sq. 
in.,  pass  it  through  water-cooled  coils  and  then  tiirougii  an 
accumulator  wliore  a  portion  of  the  \'apor  is  condensed  and 
trapped  off  to  stock  tanks.  The  gas  passes  out  from  the  top 
of  this  accumulator  and  into  the  suction  line  of  the  high- 
pressure  cylinders.  It  is  then  discharged  througli  high- 
pressure  waler-cooled  coils  where  additional  condensate  is 
obtained.  In  most  cases  the  gas  is  next  disciiarged  into  the 
fuel  sytem.  Compressing  the  gas  to  2.50  lbs.  pressure  and 
cooling  with  water-cooled  coils  does  not  entirely  strip  it  of 
its  gasoline;  therefore,  further  means  of  extraction  are  em- 
ployed. One  of  them  is  to  refrigerate  the  gas  by  means  of 
an  ammonia  plant.  Anotlier  way  is  to  cool  the  gas  by  means 
of  expansion  in  the  following  manner: 

The  gas,  after  leaving  the  water-cooled  coils  and  accumu- 
lating tanks,  passes  through  the  inner  pipe  of  a  set  of  double 
pipe  coils  and  into  an  accumulator.  This  takes  place  at 
250  lbs.  pressure.  The  gas  then  is  used  to  drive  an  expander, 
which,  in  effect,  amounts  to  using  gas  at  2.50  lbs.  pressure  to 
drive  a  prime  mover,  and  this  in  turn  compresses  the  exhaust 
gas  from  the  power  cyUnders  of  the  expander  after  it  has  been 
used  as  a  cooling  medium  to  compress  the  gas  for  distribu- 
tion through  the  residue  fuel  system.  By  using  high-pressure 
gas  in  this  manner,  heat  is  extracted  from  it  in  proportion  to 
the  work  done,  and  the  exhaust  gas  is  consequently  brought  to 
a  temperature  in  the  neighborhood  of  —75°  F.  This  ex- 
haust gas,  or  expanded  gas  passing  through  the  outer  pipe  of 
the  double  pipe  coils,  refrigerates  tlie  gas  passing  through 
the  inner  pipe.  This  causes  it  to  drop  out  additional  gaso- 
line as  it  passes  through  the  accumulator  tank  on  its  way  to 
be  used  to  drive  the  expander. 

The  temperature  of  the  gas  to  be  cooled  may  be  lowered  by 
this  means  to  the  neighborhood  of  0°  F. 

Instead  of  using  an  expander,  some  plants  use  an  ab- 
sorber on  the  gas  lea\'ing  the  plant,  in  order  to  strip  the  re- 
maining gasoline  from  the  residue  gas.  The  medium  used 
as  an  absorbent  is  put  through  either  steam  or  fire  stills 
after  it  has  scrubbed  the  gas,  and  the  gasoline  is  driven  off 
through  condenser  coils  and  blended  with  the  regular  plant 
product. 

In  order  to  understand  changes  that  take  place  in  a  mix- 
ture of  gases  as  it  passes  through  the  compressor,  knowledge 
of  the  principles  governing  the  pressures  exerted  by  gas 
mixtures  is  essential,  and  it  is  necessary  to  become  familiar 
with  the  general  thermal  relationships  encountered. 

One  physical  law  must  be  explained— namely,  that  of  partial 
pressures.  We  say  that  at  sea  level  atmospheric  pressure  is 
about  15  Ibs./sq.  in.  Three  pounds  of  this  pressure  are  due 
to  oxygen  in  the  air  and  12  lbs.  to  nitrogen.  When  a  vapor 
is  mixed  with  other  gases  or  other  vapors  and  pressure  ap- 
plied, only  a  part  of  the  total  pressure  is  exerted  on  the  first- 
named  vapor,  or,  more  correctly,  is  exerted  by  the  first-named 
vapor.  In  case  this  vapor  constitutes  10  per  cent  by  volume 
of  the  mixture  measured  at  total  pressure,  then  the  pressure 
on  this  vapor  alone,  or  exerted  by  this  vapor,  is  10  per  cent 
of  the  total  pressure.  A  total  pressure  of  150  lbs.  is  required 
in  order  that  a  pressure  of  15  lbs.  be  exerted  on  the  first-named 
vapor  and  that  condensation  be  made  possible  at  the  tempera- 
ture of  its  boiling  point.  If  we  take  noncondensable  gas  and 
add  gasoline  vapor  to  it  to  the  ex-tent  that  the  mixture  in- 
cludes 10  per  cent  vapor  and  90  per  cent  other  gas,  then,  in 
-order  to  place  15  lbs.  pressure  on  this  vapor,  it  would  be  nec- 
essary to  place  150  lbs.  pressure  on  the  entire  mixture;   or, 


if  the  percentage  were  increased  so  that  of  the  total  mixture 
20  per  cent  of  this  was  condensable  vapor,  it  would  be  nec- 
essary to  apply  only  75  lbs.  pressure  to  obtain  15  lbs.  pressure 
on  the  vapor.  It  must  be  understood  that  it  is  assumed 
that  these  vapors  in  question  will  be  the  first  to  condcnBC, 
and  that,  of  course,  under  these  conditions  condensation 
merely  begins. 

A  Low-PiiKssUHE  Method 

Under  suitable  conditions,  ga.soline  vapor  is  condensed  by 
removing  its  latent  heat  of  condensation.  In  turn,  gasoline 
will  be  evaporated  by  supplying  the  latent  heat  of  evapora- 
tion. If  by  any  means,  therefore,  we  cause  the  evaporation 
of  a  given  amount  of  gasoline,  it  must  absorb  heat  from  some 
source,  and  if  we  cause  the  evaporation  of  the  ga.soline  to  oc- 
cur in  heat-extracting  relationship  to  a  ga.soline  vapor  (radia- 
tion los.ses  being  disregarded),  the  latent  heat  of  condensation 
of  the  gasoline  would  be  absorbed  by  that  gasoline  being  evap- 
orated. Approximately  equal  weights  of  gasoline  and  gaso- 
line vapor  must  change  state,  the  two  processes  occurring; 
simultaneously. 

It  has  been  shown  that  an  increase  of  partial  pressure  will 
decrease  the  total  pressure  required  to  produce  liquefaction 
at  a  given  temperature.  By  evapwrating  gasoline  for  its 
cooling  effect  and  by  returning  this  gasoline  vapor  througli 
vacuum  pumps  and  compressor,  it  becomes  intimately  mixed 
with  the  gases  entering  from  the  field,  thereby  increasing  the 
gasoline  content  of  the  gas  to  be  handled  by  the  plant.    Such 


Expander  System 

'  This  diagram  shows  the  operation  of  the  expander  system.  A  is  a 
gathering  pump  from  which  gas,  by  means  of  line  1,  passes  through  cooling 
coils  I  by  means  of  line  2,  to  compressor  B.  From  this,  by  line  3  through 
coils  C  into  accumulator  Ci.  where  any  condensate  that  may  be  realized 
at  250  lbs.  pressure  is  dropped  out.  Coils  C  will,  of  course,  consist  of  high- 
and  low-pressure  coils,  as  at  this  pressure  two  stages  will  be  used.  From 
the  accumulator  tank  C  by  means  of  line  4  the  gas  enters  coils  D.  which 
are  made  up  of  smaller  pipe  on  the  inside  of  a  larger  pipe.  Passing  through 
coil  D  and  into  accumulator  tank  Di.  the  ordinary  procedure  is  for  the  gas 
to  leave  by  means  of  line  .5  and  go  direct  to  the  expander  G.  which  is  nothing 
more  or  less  than  a  means  of  using  gas  at  250  lbs.  pressure  as  a  means  of 
power  and  to  obtain  the  low  exhaust  temperatures  accompanying  its  ex- 
pansion. The  exhaust  gas  leaves  the  expander  cylinders  by  means  of  line 
7,  entering  the  other  pipe  of  the  double-pipe  coils  D.  and  after  passing 
through  this  coil  is  allowed  to  escape  into  the  fuel  system,  or,  if  the  pressure 
makes  it  necessary,  it  goes  into  the  compressor  cylinders,  driven  by  expander 
G,  which  are  directly  connected  to  the  expander.  Sometimes  the  gas.  after 
passing  through  the  double-pipe  coils  D.  and  out  of  the  accumulator  tank  5, 
will  be  very  cold  and  used  as  a  cooling  medium  before  entering  the  expander. 
This  means  that  its  temperature  wiU  be  higher  when  entering  the  expander 
and  will  be  probably  somewhat  higher  upon  leaving  the  expander  than  it  is 
in  the  case  of  the  first-named  arrangement.  By  this  arrangement  the  gas, 
after  leaving  accumulator  tank  Di  by  means  of  Une  5,  enters  the  double  pipe 
coUs  E,  going  into  accumulator  tank  Ei.  then  through  coils  D,  and  by  means 
of  line  7  is  led  to  the  expander  to  be  used  as  power,  and  the  exhaust  gas,  by 
means  of  line  8,  is  used  to  cool  gas  going  through  coils  E. 
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an  increase  in  gasoline  content  provides  that  a  greater  per- 
centage of  the  total  pressure  exerted  on  the  gas  is  applied  to 
the  condensable  part.  It  is  then  necessary  that  we  extract 
from  the  gasoline  vapors  present  in  casinghead  gas,  only 
enough  heat  to  reduce  the  kinetic  energy  to  a  value  corre- 
sponding to  that  of  the  liquid  state. 


Low-Prbssdks  Evaporation 

This  diaRram  shows  the  arrangement  used  when  the  low-pressure 
evapofation  system  described  in  this  paper  is  used.  A  represents  a  vacuum 
pump  which  gathers  gas  in  the  field.  B  is  a  single  stage  compressor.  Gas 
passes  from  A  through  inner -cooled  coils  by  means  of  line  1  and  by  means  of 
line  2  enters  compressor  B,  being  discharged  through  line  3.  is  passed  through 
coil  C,  into  accumulator  Ci,  where  any  gasoline  that  may  be  condensed  at 
this  pressure  and  temperature  is  collected.  By  means  of  line  4  the  gas 
enters  double-pipe  coil  D,  passing  downward  through  this  into  accumulator 
tank  Di,  where  the  remaining  condensate  is  dropped  out,  owing  to  low 
temperature.  This  gas  is  dry  and  cold,  and  may  he  either  discharged 
directly  into  the  fuel  lines  or  passed  back  through  the  top  sets  of  coils  to  be 
used  as  a  prccooling  agent  and  then  delivered  into  the  fuel  lines.  Gasoline 
from  the  accumulating  tanks  Ci  and  Di  is  automatically  trapped  by 
means  of  trap  T,  off  to  stock  tank.  The  amount  of  gasoline  necessary  for 
evaporation  purposes,  in  order  to  refrigerate  gas,  is  taken  from  accumulator 
tanks  Ci  and  Di  at  a  point  above  the  trap  outlet,  and  is  introduced  at 
point  marked  X  into  the  outer  pipe  of  the  double-pipe  coils,  or  inner  pipe, 
whichever  the  arrangement  may  be,  where  a  slight  vacuum  is  maintained, 
causing  this  gasoline  to  evaporate  and  absorb  heat  from  the  gas  to  be  cooled. 
This  evaporation  is  drawn  off  to  point  Y  and  drawn  back  to  the  vacuum 
pump  where  it  is  mixed  with  gas  coming  from  the  field. 


There  is  no  reason  why  we  should  arbitrarily  assume  that 
any  particular  pressure  is  necessary  to  condense  gasoline 
from  gas.  We  may  take,  for  example,  pentane,  a  constituent 
of  casinghead  gasoline.  As  a  pure  vapor,  it  would  be  nec- 
essary only  to  hold  pressure  on  it  which  would  equal  its  vapor 
tension  at  any  given  temperature.  For  instance,  pentane  lias 
the  following  vapor  pressures:  11.8  Ibs./sq.  in.  at  86°  ¥.; 
8.1  Ibs./sq.  in.  at  68°  F.;  5.4  Ibs.sq./in.  at50°F.;and3.51bs./ 
sq.  in.  at  32°  F.  Any  one  of  these  pressures  suffices  at  the 
corresponding  temperature. 

The  above-mentioned  principles  have  been  applied  in  several 
commercial  plants,  one  of  the  writers  having  installed  five 
of  them. 

It  has  been  found  in  some  instances  that  the  boiling  point 
of  the  liquid  evaporated  is  as  low  as  — 60°F.  The  lossdueto 
radiation  through  insulating  material  is  overcome  to  a  certain 
extent  by  prccooling  with  cold  dry  gas  expanded  to  field  pres- 
sure, and  it  Is  assumed  that  tlie  cooling  realized  by  this  cold 
dry  gas  is  suflicient  to  offset  the  loss  due  to  radiation  in  the 
evaporation  coils  proper.  The  amount  of  ga.soline  which 
it  is  necessary  to  evaporate  is  calculated,  therefore,  from 
the  amount  of  gasoline  recovered  in  the  double-pipe  coils. 
If  a  million  cubic  feet  of  gas  which  carries  one-half  gallon 
to  the  thousand  are  to  be  handled,  and  no  water-cooled  coils 
are  used,  it  is  then  necessary  to  evaporate  only  slightly  more 


than  500  gal.  (0.5  of  a  gal.  for  each  thousand  cubic  feet)  of 
gasoline.  The  evaporation  of  the  excess  over  500  gal. 
provides  for  cooling  the  gas.  This  amount  is  very  small, 
however,  owing  to  the  low  specific  heat  of  the  gas. 

The  benefit  of  the  principle  of  partial  pressures  and  the 
advantages  to  be  derixed  from  increasing  the  partial  pres- 
sure on  the  condensable  part  of  the  gas,  are  realized  by  the 
intimate  mixture  of  the  vaporized  gasoline  drawTi  from  the 
evapioration  coils  with  the  gas  coming  from  the  field.  This 
has  the  effect  of  increasing  the  amount  of  gasoline  produced 
by  the  low-pressure  coils,  makes  less  work  for  the  high-pres- 
sure cylinder  of  the  compressor,  at  the  same  time  effecting 
a  greater  amount  of  condensation  even  in  the  liigh-pressure 
coils.  Results  so  far  obtained  indicate  that  the  greater  part 
of  the  gasoline  evaporation  in  the  double-pipe  coils  is  recov- 
ered in  the  water-cooled  coils,  together  with  that  part  which 
would  be  recovered  in  the  water-cooled  coils  if  the  evapora- 
tion coUs  were  not  in  operation.  If  this  were  not  the  case 
the  process  would  not  be  practical,  since  the  gasoUne  recov- 
ered in  the  evaporation  coils  is  due  to  evaporation  of  other 
gasoline,  and  this  evaporated  gasoline,  if  not  recondensed 
before  it  reaches  the  evaporation  coils,  would  make  it  nec- 
essary to  evaporate  twee  as  much,  since  there  would  be 
twice  as  much  gasoline  to  recover.  Tliis  gasoline  would 
continually  accumulate  and  in  a  very  short  time  the  apparatus 
would  become  inoperative.  By  increasing  the  percentage  of 
condensable  vapor  in  the  gas,  a  greater  percentage  of  the  total 
pressure  is  exerted  on  the  condensable  part  and,  as  explained 
before,  because  of  this  pressure  more  gasoline  is  condensed. 
The  possibilitj'  of  low  temperature  causing  freezing  of  these 
coils  was  at  first  considered  serious,  but  all  inconvenience  due 
to  this  source  has  been  eliminated.  One  hundred  and  twenty- 
five  pounds  is  the  maximum  pressure  required  under  any  cir- 
cumstances in  plant  operation.  In  some  instances,  70  lbs. 
has  been  found  sufficient. 

The  question  may  be  raised  as  to  the  horse  power  required 
to  handle  the  additional  amount  of  gas  due  to  the  evapora- 
tion of  gasoline  in  the  evaporation  coUs.  As  stated  before, 
about  1  gal.  of  gasoline  is  evaporated  in  these  coUs  for  every 
gallon  condensed,  and  in  the  case  of  a  gas  carrying  1  gal.  i)er 
1000  cu.  ft.  for  a  miDion  feet  there  would  be  approximately 
1000  gal.  evaporated.  This  would  amount  to  only  32,000 
cu.  ft.  of  gas  for  the  entire  million  feet  handled. 

As  to  the  actual  horse-power  requirements  (based  on  the 
pressure  of  125  lbs.  which  is  used  as  a  maximum),  the  following 
figures  are  presented  in  order  to  show  the  least  possible  dif- 
ference we  could  expect  to  realize  between  the  power  neces- 
sary to  operate  this  process  compared  with  that  necessary  to 
operate  under  the  high-pressure  method. 

Fifty  horse  power  are  required  to  compress  375,000  cu.  ft. 
of  gas  per  day  of  24  hrs.  from  atmospheric  pressure  to  125 
Ibs./sq.  in.  210,000  cu.  ft.  may  be  compressed  to  250  lbs. 
pressure  with  the  same  amount  of  horse  power.  This  figure 
is  based  on  the  practice  of  in.stalling  a  165-h.  p.  engine  to 
drive  a  GCiO.OOO-cu.  ft.  compressor.  Howe^■er,  we  are  giving 
this  installation  the  benefit  of  an  extra  40,000,  assuming  that 
it  might  handle  700,000  cu.  ft.  ;vith  this  same  165-h.  p.  unit. 

During  a  recent  test  at  one  plant,  a  meter-proving  appara- 
tus was  installed  wliich  could  be  used  at  any  time  to  serve 
the  same  purpose  as  a  meter,  and  at  different  times  the  amount 
of  gasoline  being  evaporated  was  checked.  Since  a  gallon  of 
gasoline  will  yield  32  cu.  ft.  of  vapor,  it  was  found  that  when 
the  plant  was  handling  250,000  cu.  ft.  of  gas  per  day,  22,000 
cu.  ft.  of  gas  was  the  excess  handled.  These  results  would 
indicate  that  we  could  handle  with  50  h.  p.,  345,000  cu.  ft.  of  ^ 
gas  per  day  from  the  field.  This  test  was  made  under  ■ 
average  conditions — a  temperature  of  80°  F.  cooling  in  the 
water-cooled   coils,  and   a  very  rich  gas.    The  data  show 
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that  1 10,00()  m.  ft.  more  gas  can  be  handled  per  day  than 
with  a  50-h.j).  unit  at  250  lbs.  pressure. 

On  the  basis  of  one  million  cu.  ft.  for  a  vacuum  station  and 
gasoline  plant  under  the  same  roof,  the  capacity  would  be 
as  follows,  the  Ras  carrying  2V4  gal.  per  cu.  ft.  (vacuum  taken 
at  18  in.,  wiiich  is  the  pressure  generally  u.sed  in  designing 
s  vacuum  plant): 


Low-Priissurb  Mkthod 
1.000,000  cu.  ft.  from  18-in.  vacuum  to  atmospheric 

pressure 77       h.  p. 

88,000  cu.  ft.  from  18-in.  vacuum  to  atmospheric 
which  would  be  the  excess  due  to  evaporation  6.8  h.  p. 

1,000,000  cu,  ft.  from  atmospheric  to  125  lbs 127.4  h.  p. 

88,000  cu.  ft.  from  atmospheric  to  125  lbs 15.4  h.  p. 

Total  required  to  handle  from  IS-in.  vac- 
uum to  125  lbs.  pressure  and  extract  the  gaso- 
line   

High-Prhssure  Method 

1.000,000  cu.  ft.  from  18  in.  to  atmospheric 77       h.  p. 

1,000,000  cu.  ft.  from  atmosphere  to  250  lbs.  pres- 
sure        239      h.  p. 

Total  required  from  18  in.  to  250  lbs. 
pressure  and  extract  the  gasoline 


226.6  h.  p. 


AflsORPiioN  Method 


Thi.s  method  consists  in  bringing  the  gas  in  contact  with  an 
absorbing  medium  in  such  a  manner  as  to  enable  the  ab- 
sorbent to  pick  up  the  ga.soliiie  vajxjrs.  Plants  of  the  usual 
type  use  an  aljsorbing  tower  partially  filled  with  ub.sorbing 


In  addition,  an  expander  would  be  required  to  secure 
maximum  extraction  with  high-pressure  method. 

The  amount  of  excess  gas  necessary  to  be  handled  is  de- 
termined by  the  amount  of  gasoline  left  in  the  gas  upon  en- 
tering the  evaporation  coils,  and  no  consideration  is  given 
here  to  the  advantage  derived  from  the  removal  of  additional 
gasoline  in  the  low-pressure  side  of  a  compressor,  thereby 
causing  the  high-pressure  side  to  do  less  work.  It  is  quite 
probable  that  the  greater  part  of  the  excess  vapor  is  condensed 
in  the  low-pressure  coUs. 

It  was  found  at  one  of  the  gasoline  plants,  that  when  oper- 
ating at  125  lbs.  without  the  evaporation  coOs,  80°  B^.  gaso- 
line was  made  in  the  water-cooled  coils.  In  a  few  minutes 
after  placing  the  evaporation  coils  in  operation,  the  gravity  of 
the  gasoline  made  in  the  water-cooled  coils  was  90°  Bd.,indicat- 
ting  that  considerably  more  gasoline  is  recovered  in  both  the 
low-  and  high-pressure  cylinders  at  125  lbs.  pressure  in  the 
water-cooled  coils  with  evaporation  coils  in  operation,  than  is 
recovered  without  them.  This  is  due  to  the  increased  par- 
tial pressure  of  gasoline  vapor  corresponding  to  the  increased 
content  of  gasoline,  which  makes  possible  the  recovery  of  the 
additional  gasohne. 

It  must  be  understood  that  the  evaporation  coils  can  be 
installed  in  connection  with  high-pressure  as  well  as  with  low- 
pressure  installations,  and  constitute  a  less  expensive  installa- 
tion than  an  additional  expander,  besides  having  a  greater 
heat-extracting  capacity  than  the  expander. 

The  advantages  derived  from  the  process  herein  described 
are:  The  installation  cost  is  reduced  in  proportion  to  the 
horse-power  requirements;  with  125  lbs.  maximum  pressure 
the  horse-power  requirements  indicate  that  a  40  per  cent 
sa^^ng  is  to  be  realized  in  the  initial  expense,  and  a  propor- 
tional saving  in  operating  ex-pense.  In  some  instances 
where  a  lower  pressure  than  125  lbs.  is  adequate,  there  mil, 
of  course,  be  sa\'ings  running  up  to  as  high  as  60  per  cent. 
The  necessity  of  using  an  expander  is  eliminated,  high  pres- 
sure fittings  and  tanks  are  unnecessary,  and  an  opportunity 
is  offered  to  make  installations  of  this  process  where  the 
uncertainty  as  to  the  supply  of  gas  would  preclude  the  adoj)- 
tion  of  the  liigh-pressure  process.  In  most  cases  a  plant  of 
this  tj'^pe  is  assured  of  profits  in  a  comparatively  short  time 
on  acCoimt  of  the  relatively  low  cost  of  installation. 


Absorption  System 

This  sketch  shows  diagrammatically  the  principles  employed  in  absorp- 
tion system.  Gas  is  compressed  by  means  of  compressor  A,  passed  through 
a  set  of  water-cooled  coils  to  the  bottom  of  absorber  C.  out  of  the  top  of  this 
absorber  by  means  of  line  D,  to  be  disposed  of  as  dry  gas.  The  absorbent 
oil  is  pumped  by  means  of  pump  O,  through  a  set  of  water-cooled  coils, 
Q,  into  the  top  of  the  absorber,  and  is  sprayed  downward  to  point  L.  The 
oil  leaves  the  bottom  of  the  absorber,  being  trapped  off  automatically  by 
M,  into  weathering  tank  E.  From  this  weathering  tank  E  the  oil  is  passed 
through  a  heat  exchanger  where  it  comes  in  heat  extraction  relationship  to 
oil  leaving  the  stills.  From  this  heat  exchanger  it  goes  direct  to  a  still,  P, 
where  gasoline  vapors  arc  driven  off  through  a  set  of  water-cooled  coils 
condensing  these  vapors  and  accumulating  them  in  tank  G.  The  oil 
leaves  the  still,  passing  through  N  on  its  way  to  pump  O.  and  has  been 
cooled  somewhat  by  the  oil  leaving  the  weathering  tank  E  on  its  way  to  the 
still.  The  oil,  before  going  into  the  absorber,  is  further  cooled  by  means  of 
water-cooled  coils  Q.  Vapors  driven  off  in  still  P  may  not  all  condense 
in  coils  F;  therefore,  if  this  is  of  a  sufficient  amount,  a  compressor  is  in- 
stalled which  takes  the  vapors  from  accumulator  tank  G.  which  fail  to 
condense  in  coils  and  discharge  them  through  another  set  of  water-cooled 
coils,  1,  where  they  are  condensed  and  accumulated  in  tank  K.  If  there 
happens  to  be  any  noncondensable  vapors,  these  escape  from  the  tank  IC  into 
the  air  or  fuel  system  by  means  of  line  D.  Weathering  tank  E  may  be 
connected  so  that  any  vapors  allowed  to  escape  go  into  the  atmosphere 
by  means  of  line  X  or  Y,  being  passed  through  water-cooled  coils  F,  and 
in  turn  pass  through  condensing  unit  consisting  of  H,  1,  and  K. 


medium,  the  gas  being  passed  in  at  the  bottom  and  out  the 
top,  while  the  absorbing  medium  passes  in  at  the  top  and  out 
the  bottom.  In  addition,  the  absorbers  are  sometimes 
equipped  with  baffle  plates,  which  assist  in  the  further  dis- 
tribution of  the  gas  and  effect  intimacy  of  contact  between 
the  absorbing  medium  and  the  gas. 

Absorption  processes  may  be  di^^ded  into  two  classes — 
those  using  soUd  absorbing  materials  that  present  large 
surfaces  for  contact,  and  those  emplojnng  liquid  absorbents. 
Activated  charcoal  and  silica  gel  have  been  used  in  processes 
usually  designated  as  absorbents  of  the  first  type.  Crude  oil, 
mineral  seal  oil,  naphtha  or  low-grade  gasoline  may  be  used 
in  processes  of  the  second  class.  Everyone  is  familiar,  of 
course,  with  the  general  character  of  these  Uquid  absorbents. 

The  soUd  absorbents,  however,  need  further  discussion. 
During  the  war,  chemists  and  physicists  were  called  upon  to 
develop  an  efficient  gas  mask.  In  their  investigations 
charcoals  were  prepared  which  were  found  to  be  capable  of 
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absorbing  condensable  gases,  because  of  the  extensive  sur- 
faces within  the  body  of  the  charcoal. 

Investigations  along  these  same  lines  have  been  carried  out 
with  silica  gel.  This  gel  is  made  by  the  coagulation  of  sodium 
silicate  with  an  acid.  The  gel  is  washed  and  dried  and  is  then 
ready  for  use.  Certain  very  important  precautions  must  be 
taken  to  prepare  this  material  so  that  it  will  have  sufficient 
surface  to  insure  efficient  absorption.  In  the  use  of  either  of 
the.se  solids  as  an  absorbent,  two  batteries  of  absorbers  are 
required.  The  gas  is  passed  through  one  battery  until  the 
material  is  saturated,  when  tlie  gas  is  then  diverted  to  the  other 
batter}'.  The  saturated  material  is  e.vposed  to  the  action  of 
superheated  steam.  The  steam  drives  off  the  absorbed  vapors 
that  are  carried  with  it  to  water-cooled  coils,  where  both  are 
condensed.  The  gasoline  and  water  vapors  are,  of  course, 
automatically  disposed  of.  With  plants  using  superheated 
steam,  the  necessity  of  drjdng  out  the  material  after  distil- 
ling is  eliminated. 

It  is  claimed  that  these  solid  materials  can  be  used  as  ab- 
sorbents with  considerably  less  expense  than  the  ordinary 
method,  owing  to  the  fact  that  the  heat  losses  of  distillation 
are  less.  This  claim,  of  course,  reduces  to  a  saving  of  fuel, 
and  an  investigation  of  the  use  of  these  solid  materials  can 
be  limited  to  an  investigation  into  the  cost  of  fuel. 

As  the  more  popular  method  of  absorption  is  the  use  of 
liquid  absorbents,  more  detailed  information  is  available 
than  on  the  use  of  solids.  Tlie  system  is  similar  to  that  used 
for  extracting  benzene,  toluene,  and  other  vapors  from  gas 
made  by  destructive  distillation.  The  gas  under  high  or 
low  pressures  enters  the  absorbing  towers  placed  in  either 
vertical  or  horizontal  positions  and  passes  out  the  top.  The 
oil  used  as  an  absorbent  enters  at  the  top,  is  sprayed  down- 
ward, and  leaves  the  absorbers  at  a  point  close  to  the  bottom. 

The  absorbers  usually  consist  of  steel  shells  varying  in  di- 
ameter from  12  in.  to  4  ft.,  although  in  some  cases  still  larger 
diameters  are  used.  The  height  varies  from  15  to  45  ft. 
It  is  generally  advisable  to  fill  these  absorbers  partially  with 
baffiing  material  of  some  kind.  In  some  cases  there  may  be 
6  ft.  of  baffling  material  and  in  others  there  may  be  20  or  25  ft. 
Although  the  general  plan  has  been  to  allow  sufficient  open 
space  at  the  top  of  the  absorbers  for  the  separation  of  the  oil 
and  gas,  one  of  the  ^^Titers  has  recently  installed  ab.sorbers 
30  in.  in  diameter  and  35  ft.  high,  filled  to  within  G  ft.  of  the 
top.  A  small  separator  for  the  outgoing  gas,  which  removes 
any  oil  which  may  have  been  carried  over,  is  superimposed. 
The  baffling  material  varies — broken  bottles,  mineral-wool, 
broken  stone,  and  bricLs,  etc.,  have  been  used.  In  some 
cases  the  baffling  is  made  of  wooden  slats,  and  in  still  others 
flat  revolving  disks  with  small  holes  have  been  used  suc- 
cessfully. 

In  the  writers'  opinion,  the  best  baffles  are  steel  plates. 
These  may  be  about  'Aj  in.  thick  and  from  6  in.  to  12  in.  high, 
and,  of  course,  will  be  of  varying  lengtlis.  The  plates  are 
bolted  together  with  about  '/rin.  space  between.  The 
lengths  can  be  made  to  conform  to  the  inner  circumference 
of  the  shell.  If  sets  of  these  baffles  are  placed  one  on  the 
other,  each  set  is  at  right  angles  to  the  one  adjacent  to  it,  or 
they  may  be  placed  so  as  to  create  a  whirling  motion,  although 
such  a  motion  does  not  present  any  advantage.  The  object 
of  the  baffling  is  to  present  a  large  surface  for  the  oil  to 
trickle  over,  thereby  accomplishing  intimate  mingling  of  the 
gas  and  absorbent. 

By  using  this  steel  baffling,  arranged  as  described  above,  the 
area  of  the  cross  section  of  the  absorbers  is  reduced  by  only 
api)roximately  3  per  cent,  thereby  insuring  a  low  velocity  of 
the  gas  passed  through  the  absorbers,  without  sacrificing 
contact  surface. 

The  gas  passing  out  of  the  top  of  the  absorbers  goes  into  the 


fuel  system  or  into  the  air,  depending  upon  the  requirements. 
The  oil  after  leaving  the  absorbers  goes  to  stills,  passing 
through  heat  exchangers  in  such  a  manner  that  it  wQl  be 
heated  by  hot  oil  leaving  the  stills,  which  in  turn  is  cooled 
somewhat.  The  oil  leaving  the  stills  is  then  passed  tlu-ough 
water-cooled  coils  before  being  pumped  into  the  absorbers. 

The  apparatus  for  separating  gasoline  from  the  absorbent 
has  been  frequently  described  and  will  not  be  considered  here. 

The  most  important  part  of  the  absorption  process  is  the 
action  of  the  absorbers  themselves.  The  amount  of  liquid 
absorbent  necessary  to  be  circulated  depends  upon  the  effi- 
ciency of  the  absorbers;  this,  in  turn,  depends  upon  the 
temperatures,  pressures,  and  lengths  of  time  of  contact  be- 
tween oil  and  gas. 

Henry's  law  states  that  the  amount  of  vapor  that  will  be 
absorbed  by  a  liquid  is  proportional  to  the  partial  pressure  of 
the  vapor.  This  relationship  is  true,  but  the  length  of  time 
of  contact  is  of  considerable  importance  in  practice.  For 
instance,  the  writers  have  noted  in  a  plant  operated  at  a  cer- 
tain pressure,  and  with  gas  of  constant  gasoline  content,  and 
using  any  given  absorbent,  etc.,  that  if  the  length  of  time  of 
contact  alone  was  increased,  the  absorbent  would  dissolve 
increased  quantities  of  vapor.  This  further  absorption  must 
be  understood  as  not  being  of  the  same  efficiency  from  the 
standpoint  of  stripping  the  gas  of  its  content  of  vapor,  as 
will  be  realized  if  low  saturation  percentages  are  maintained. 
We  may  assume,  for  example,  that  in  an  absorber  in  which  the 
gas  and  oil  are  in  contact  for  15  sec.  all  the  gas  passing  through 
will  be  entirely  stripped  of  its  gasoline.  If  this  same  oil  is 
recirculated  in  the  absorbers,  however,  and  a  further  amount 
of  gas  brought  into  contact  with  it  for  an  additional  15  sec,  the 
oil  will  still  absorb  but  the  saturation  percentage  will  not  be 
doubled.  By  using  the  oil  the  second  time,  the  saturation 
percentage  will  be  approximately  SO  per  cent  of  that  realized 
during  the  first  period  of  absorption.  If  the  operation  is 
repeated,  using  this  saturated  oil  and  new  gas,  the  oil  will 
be  further  saturated,  but  will  be  increased  only  by  about 
50  per  cent  of  that  realized  during  the  first  period  of  contact. 
This  latter  ratio  will  prevail  appro.ximately,  decreasing 
slightly  until  about  30  per  cent  total  saturation  is  reached. 

It  has  been  customary  in  absorption  plants  to  use  saturation 
percentages  varying  from  less  than  1  per  cent  to  about  6 
per  cent,  depending  upon  pressures  and  temperatures.  There 
is  no  reason,  however,  why  this  percentage  could  not  be  higher 
in  practice.  This  would  be  accomplished  primarily  by  in- 
creasing the  length  of  time  of  contact,  either  by  increasing 
the  height  of  baffling  or  by  operating  absorbers  in  series.  In 
doing  this,  the  counterflow  principle  should  be  used.  The 
rich  oil  leaving  the  absorbers  meets  rich  gas  entering  and  the 
lean  gas  leaving  comes  in  contact  with  the  lean  oil  entering. 
The  effect  of  using  this  high  saturation  percentage  would  be  to- 
cut  down  the  still  capacity  required,  since  there  would  be  con- 
siderably less  oil  to  be  heated  and  the  quantity  of  heat  neces- 
sary to  furnish  the  latent  heat  of  evaporation  would  be  the 
same.  For  example,  if  a  plant  with  a  capacity  of  1,000,000 
cu.  ft.  per  day  wi  h  a  total  gasoline  content  of  1000  gal.  were 
running  at  a  saturation  of  4  per  cent,  25,000  gal.  of  oil  per 
day  would  have  to  be  circulated  through  the  absorbers,  and 
the  stills  would  have  to  supply  sufficient  heat  to  raise  the 
25,000  gal.  of  oil  to  the  required  temperature — in  addition  to 
latent  heat  of  evaporation  to  be  supplied  for  the  1000  gal.  of 
gasoline.  Now,  if  the  saturation  percentage  were  maintained 
at  20  per  cent,  it  would  be  necessary  to  circulate  only  7000 
gal.  of  oil  and  to  supply  heat  sufficient  to  raise  the  tempera- 
ture of  approximately  .5000  gal.  of  absorbent  to  the  tem- 
perature necessary  to  drive  off  the  gasoline  vapor,  plus  the 
latent  heat  of  evaporation  of  1000  gal.  of  gasoline.  Thia 
would  reduce  the  still  capacity  required,  as  well  as  that  of  the: 
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circulating  pumps,  by  approximately  75  per  cent.  The  same 
reduction  would  apply  to  the  fuel  requirements  for  the  stills. 
The  writers  have  built  commercial  plants  that  employ  these 
high  baffles  and  absorbers  in  series,  obtaining  the  high  satura- 
tion percentages  previously  described.  In  actual  plant  prac- 
tice, when  handling  in  the  neighborhood  of  2,000,000  cu.  ft. 
of  gas  per  day  at  pressures  between  20  and  30  Ibs./sq.  in. 
and  saturation  percentages  up  to  25  per  cent,  these  baffles  and 
absorbers  have  been  found  to  be  entirely  satisfactory.  It  is 
noticeable  that  the  increase  in  gravity  is  approximately 
one  degree  for  each  5  per  cent  additional  saturation.  This 
applies  also  to  crude  oil  when  used  as  an  absorbent.  We 
have  found  in  one  particular  case,  with  crude  oil  of  38°  B6. 
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Comparison  oi'  Mineral  Seal,  Cri'de  Oil,  and  Drip  Gasoline  as 
Absorbents 


Absorbents 

(1)  Mineral  Seal 

(2)  Crude  OU 

(3)  Drip  Gasolint 


Temperatu 
Start 


Gravity — °  Be.  at  60°  F. 
Start  Finish 

37.5  46.1 

41  7  48.8 

64.8  67.9 


gravity  and  an  initial  boUing  point  of  118°  F.,  that  the  crude 
oil,  after  being  used  as  an  absorbent,  had  a  gravity  of  4.3 
B6.,  and  an  initial  boUing  point  of  80°  F.  Tliis  change  in 
gravity  represents  an  increase  of  approximately  25  per  cent 
in  volume,  which  was  indeed  the  actual  increase  of  volume 
observed.  The  temperature  of  the  oil  entering  the  ab- 
sorbers was  slightly  less  than  80°  F.,  so  that  under  this  condi- 
tion the  temperature  of  the  oU  was  about  equal  to  the  initial 
boiling  point  of  the  rich  liquid,  and  the  temperature  of  the 
oU  leaving  the  absorbers  was  about  110°  F.  Since  the  oil 
leaving  the  absorbers  was  set  at  a  temperature  exceeding  the 
boiling  point  of  the  absorbent  at  that  place — i.  e.,  original 
absorbent  plus  absorbed  gasoline — its  abiUty  to  dissolve  fur- 
ther vapors  was  reduced.  Tliis  eiTect  was  offset  to  some  ex- 
tent by  increased  pressures.  The  boiling  points  referred  to 
above  were  determined  at  atmospheric  pressure,  and  natu- 
rally, if  the  pressure  were  held  at  20  or  30  lbs.  /sq.  in.,  the  initial 
boiling  points  would  be  somewhat  higher.  An  absorbent  will 
absorb  vapor  until  the  partial  pressures  of  the  dissolved  gas- 
oline constituents  equal  those  of  the  same  constituents  in 
the  wet  natural  gas  at  the  common  temperature. 

Crude  Oil  Absorption 

A  means  of  reducing  expense  incident  to  recovering  gas- 
oline is  the  use  of  crude  oil  as  an  absorbent  and  pumping 
the  rich  liquid  through  pipe  lines  to  a  refinerj'.  Some  com- 
panies are  at  present  blending  the  natural  gasoline  product 
with  their  crude  oil  runs. 

Crude  oil  absorption  is  the  same  in  princip^le,  of  course,  as 
that  obtained  by  the  use  of  any  other  medium,  the  strip- 
ping stills  in  this  case  being  eliminated,  or  rather  replaced,  by 
the  regular  crude  stills  of  the  refinery.  It  is  necessary,  in 
order  that  maximum  efficiency  be  realized  with  a  small  amount 


of  oil,  to  cool  the  oil  after  it  leaves  the  al).s()rljorH.  Thin  re- 
quirement is  due  to  the  great  amount  of  heat  generated  by 
the  process  of  absorption.  If  the  oil  from  the  absorbers 
were  put  into  tanks  at  these  high  temperatures,  a  consid- 
erable amount  of  the  absorbed  vapors  would  be  dri\en  off 
when  the  pressure  is  relieved. 

An  interesting  feature  in  connection  with  crude  oil  at>- 
sorption  is  the  tendency  for  the  oil  to  absorb  dry  gas  in 
small  amounts.  However  small  in  amount,  such  absorption 
is  undesirable.  A  method  for  overcoming  this  objection  is 
the  use  of  the  heat  generated  by  absorption  to  maintain  in 
the  oil  just  before  it  leaves  the  absorbers  tcmp<Tuture  that 
will  be  high  enough  to  offset  this  action  at  the  pressure.s  used. 
The  oil  coming  in  at  the  top  trickling  down  over  tiic  baffles 
increases  in  temperature  as  its  saturation  is  increa.sed,  and 
by  the  time  it  reaches  the  outlet  it  will  be  sufficiently  high 
in  tem))crature  to  prevent  any  trouble  from  this  source. 

It  is  interesting  to  note  the  comparative  absorption  values 
of  mineral  seal  oil  and  crude  oil.  The  accompanying  chart 
shows  this  comparison.  All  the  experiments  were  made  with 
the  same  apparatus,  using  the  gas  from  the  same  source,  and 
under  the  same  condition  as  to  weather,  etc. 


A  Chemical  Family 

Nine  universities  have  contributed  to  the  education  of  the 
chemical  family  of  Swan,  which  sent  a  100  percent  delegation — 
a  father  and  three  sons — to  the  Pittsburgh  meeting  of  the 
American  Chkmical  Society.  These  nine  universities  have 
already  conferred  upon  this  family  ten  degrees,  including  three 
Ph.D.'s,  and  the  youngest  son,  Thomas,  expects  soon  to 
qualify  for  his  doctor's  degree  at  Ohio  State  University. 

The  father,  John  N.  Swan,  is  now  head  of  the  Department  of 
Chemistry  at  the  University  of  Mississippi.  He  has  held  pro- 
fessorships at  three  colleges,  and  has  built  a  new  laboratory  at 
each. 


Stewart  D.  Swan  is  connected  with  the  Dentists'  Supply 
Company  of  Xew  York  City,  and  William  O.  Swan  is  at  present 
Acting  Assistant  Professor  of  Analytical  Chemistry  at  the  Uni- 
versity of  \'irginia. 

We  wonder  if  this  is  not  a  record  contribution  to  chemistry? 


One  of  the  important  recent  developments  in  the  feldspar 
industry  has  been  the  rapid  rise  of  New  Hampshire  as  a  feldspar- 
producing  state.  The  unusual  size  and  purity  of  the  deposit 
now  being  worked  near  Keene,  and  the  improved  methods  of 
mining  and  milling  used  have  been  responsible  for  this  situation. 
The  ore  bodv  stands  nearly  vertical  between  walls  of  mica  schist. 
Between  the  feldspar  body  and  the  schist  walls  on  each  side  oc- 
curs the  mica  for  which  the  deposit  was  opened.  The  width  of 
the  pegmatite  dike  varies  from  40  to  about  200  ft.  The  total 
depth  has  not  been  proved,  but  mica  workings  to  a  depth  of 
more  than  200  ft.  showed  no  apparent  change  in  the  nature  of  the 
deposit.  Mica  workings  have  also  been  extended  over  a  length 
of  750  to  1000  ft.  along  the  vein,  with  no  change  in  the  deposit 
indicated. 
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Refining  of  Gasoline  and  Kerosene  by  Hypochlorites' 

By  A.  E.  Dunstan  and  B.  T.  Brooks 

The  Anglo-Pbrsian  On.  Co.,  London,  England,  and  Tub  Mathibson  Alkali  Work3,  Inc.,  New  York,  N.  Y. 


Sulfur,  though  often  present  in  relalioely  oery  small  proportions, 
is  the  most  objectionable  Impurity  in  motor  fuel,  and  it  is  with  the 
remooal  of  sulfur  that  the  present  paper  deals,  although  it  should 
be  pointed  out  that  the  refining  method  here  described  does  a  great 
deal  more  than  merely  remove  sulfur.  This  method  is  not  an 
academic  process,  but  has  been  in  successful  large-scale  operation 
or  a  little  over  one  year  and  is  now  in  operation  in  several  refineries. 

The  advantages  of  the  hypochlorite  process  for  the  refining  of 
gasoline  and  kerosene,  which  are  pointed  out  in  this  discussion,  may 
be  summarized  as  follows: 

I — Lower  refining  cost. 


2 — Less  loss  on  refining,  adding  materially  to  the  total  money 
saved. 

3 — No  acid  sludge  is  formed  and  no  acid  to  be  recovered. 

4 — The  operation  can  be  carried  out  in  ordinary  steel  apparatus; 
one  year's  experience  has  shown  that  the  corrosion  of  apparatus, 
piping,  etc.,  is  much  less  than  when  acid  is  employed.  Lead- 
lined  apparatus  is  not  required. 

5 — The  sum  total  of  operation  is  easier  to  carry  out  than  the 
acid-refining  process  with  the  acid  recovery-,  etc.,  incident  to  the 
latter. 

6 — //  15  applicable  to  the  light  distillates  from  all  types  of  crude 
petroleums. 


IT  WAS  inevitable  that  with  the  tremendous  growth  of 
the  petroleum  industry  and  particularly  the  production  of 
gasoline  for  motor  cars,  considerable  attention  would  be 
given  to  better  methods  of  refining.  Considerable  impetus 
has  been  given  to  this  general  problem  by  the  automobile  in- 
dustry and,  during  the  war,  by  the  necessity  of  finding 
superior  motor  fuels  and  lubricants  for  aeroplanes.  Petro- 
leum refiners,  or  at  least  their  sales  departments,  have  also 
come  to  realize  that  superior  goods  are  appreciated  by  the 
consumer. 

The  question  of  good  motor  fuel  is  certainly  one  of  universal 
interest.  This  country,  owning  85  per  cent  of  all  the  auto- 
mobiles in  the  world,  produced  5,145,000,000  gal.  of  gasoline 
in  1920.  At  certain  seasons  the  demand  has  been  so  great  and 
the  lapse  of  time  from  the  production  of  gasoline  at  the  re- 
finery to  its  consumption  has  been  so  brief  that  refiners  have 
often  sacrificed  everything  to  "through  put."  Shipments  of 
gasoline  from  America  to  England,  Australia,  South  Africa, 
and  otlier  points,  have  sometimes  had  to  be  returned  to  be 
re-refined,  or  have  led  to  money  settlements  of  no  small 
magnitude.  The  export  of  gasoline  to  foreign  countries 
requires  that  such  gasoline  be  better  refined  than  is  the 
custom  for  domestic  consumption.  The  utilization  of  high 
sulfur  crude  oils  for  gasoline  production,  the  rapid  increase 
in  the  pr(xluction  of  "cracked"  gasoline,  the  relatively  in- 
significant production  of  very  higli-grade  crudes,  such  as 
light  Pennsylvania  oil,  the  known  merit  of  benzene  in  motor 
gasoline,  and  the  very  large  losses  resulting  in  the  refining  of 
crude  benzene,  have  also  been  factors  in  the  search  for  better 
refining  methods. 

Although  the  proper  refining  of  ga.soline  involves  more  than 
the  removal  of  sulfur  compounds,  the  removal  of  such  com- 
pounds can,  nevertheless,  be  taken  as  a  fair  index  of  the  de- 
gree of  refining.  The  nature  of  the  sulfur  compounds  present 
in  a  crude  petroleum,  or  its  distillates,  makes  a  great  deal  of 
difference,  for  example,  with  respect  to  odor  (mercaptans) 
and  corrosive  properties,  but  coniparatively  little  is  known  as 
to  their  exact  nature.  Figures  for  the  percentage  of  sulfur 
in  unrefined  gasoline  distillates  are  not  generally  available, 
but  average  about  one-tenth  of  the  amount  present  in  the 
original  crude  petroleum.  The  percentage  of  sulfur  in  a  num- 
ber of  crude  oils  is  given  in  the  following  table: 

'  Prtscnted  before  the  Section  of  Petroleum  Chemistry  at  the  64th 
MeetitiK  of  the  American  Chemical  Society,  at  Pittsburgh,  Pa  ,  September 
4  to  8,  1022. 


Crude 

Per  cent  Sulpur 

Persia 

1.0 

California 

0..i.'j  to3.S5 

Illinois 

0.40  (average) 

Louisiana  (Jennings) 

0.40  to  0.57 

Indiana 

0.72  to  1.26 

Ohio  (Lima) 

0.65 

Texas,  Beaumont 

0.94  to  2.40 

Texas,  San  Antonio 

1.52  to  2.02 

Texas,  Reeves  County 

1.00 

Texas,  Medina  County 

2.09 

Texas,  Travis  County 

1.26 

Mexico 

1.9     to4.8 

Engler  and  Hofer  give  the  following  sulfur  contents  of 
crude  petroleum: 


Sul.FUR 

Sulpur 

Crude 

Per  cent 

Crude 

Per  cent 

Tcgernsee 

0.044 

Pechelbroun 

0.650 

Olheim 

0.580 

Wietze 

0.58 

Galicia 

0.21 

Roumania 

0.170 

Montechine 

0.045 

Bi-bilibat 

0.220 

Balachany 

0.147 

Palembang 

0.212 

Java 

0.473 

Sumatra 

0.066 

Rocm  Koot 

1.166 

Pennsylvania 

0.049 

Burmah 

0.121 

Persian  crude  oil  contains  about  1 .02  per  cent  and  Burmah 
(Yenan  Yung  and  Singu)  about  0.1  per  cent  sulfur. 

Free  hydrogen  sulfide  has  been  identified  in  the  crude  pe- 
troleum from  Canada,  Ohio,  Texas,  Galicia,  and  Persia.' 
The  natural  gas  accompanying  sulfurous  crudes  sometimes 
contains  upwards  of  10  per  cent  of  hydrogen  sulfide.  The 
hydrogen  sulfide  which  frequently  appears  during  distil- 
lation is  probably  partly  expelled  from  solution  and  partly 
results  from  the  decomposition  of  sulfur  compounds  in  the  oil. 

Free  Stdfvr — Elemental  sulfur  has  been  recognized  by 
Riciiardson  and  Wallace'  in  Texas  petroleum,  which,  after 
being  freed  (at  ordinary  temperatures)  from  hydrogen  sul- 
fide and  filtered  through  kaolin,  deposited  crystals  of  this 
element. 

The  natural  gas  accompanying  petroleums  rich  in  sulfur 
is  usually  rich  in  hydrogen  sulfide,  and  tlie  slow  evolution  of 
dissolved  hj'drogen  sulfide  from  certain  crudes  has  appar- 
ently been  the  cause  of  no  small  number  of  fatalities. 
Kracmer  and  Spilkcr*  state  that  the  presence  of  sulfur  in  petro- 
leum is  due  to  activity  of  certain  Ixicteria,  contemporaneous 
with  the  algae  which  these  authors  regard  as  the  source  of 
petroleum.    It  is  well  knowTi  that  sulfur  reacts  readily  with 

'  Mabery,  Proc.  Am.  Acad.  Arts  Set.,  31  (1894),  1743;  Thiele,  Chem.' 
Ztg  ,iS  (1901),  433. 

•  /.  Soc.  Chem.  Ind.,  «7  (1902),  316. 
<  B(r.,  U  (1902),  1212. 
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hydrocarbons  to  give  hydrogen  sulfide,  and  Friedmann'  has 
shown  that  thiophenes  are  also  formed.  It  is  not  difficult 
to  conceive  that  such  reactions  have  occurred  in  nature  and 
would  afford  an  explanation  of  tiie  presence  of  sulfur  deriva- 
tives in  petroleum.  However,  a  strong  explanation  against 
this  explanation  is  the  fact  that  thiophenes  are  rarely  found 
in  petroleum  and  then  only  in  traces.  Free  sulfur  is  fre- 
quently observed  in  the  neighborhood  of  petroleum  wells, 
and  it  is  not  unlikely  that  this  occurrence  is  due  to  reduction 
of  sulfur  compounds — e.  g.,  mineral  sulfates — by  the  oil  or 
its  antecedents.  The  observations  of  Stcinkopf'  that  acety- 
lene when  passed  over  heated  pjTites  yields  tliiophene  and 
that  butadiene  in  a  similar  way  generates  methyl  thiophene 
are  of  interest,  though  there  is  no  satisfactory  evidence  of  the 
occurrence  of  an  appreciable  quantity  of  acetylene,  butadiene 
or  thiophenes  in  crude  petroleum.  Speaking  broadly,  the 
thio  compounds  present  in  petroleum  are  distributed  between 
all  the  fractions  of  the  oil,  but  usually  the  larger  proportion 
is  found  in  the  heavier  distillates  and  particularly  in  the 
residues.  Thus  Parkin'  describes  an  American  crude  con- 
taining 0.727  per  cent  sulfur: 


Fraction 

Per  cent  Sulfur 

Specific  Gravity 

to  90°  C. 

0.02 

110-150°  C. 

0,10 

0.7282 

152-220°  C. 

0.38 

0.7669 

220-257°  C. 

0.41 

0.7940 

257-300°  C. 

0.37 

0.8138 

Another  oil  from  Petrolea,  Canada,  containing  0.98  to  1.06 
per  cent  sulfur  gave  the  following  results: 

Fraction  Per  cent  Sulfur  Fraction  Per  cent  Sulfur 

115-1.50°  C.  0.28  2.i0-300°  C.  0.51 

1.50-200°  C.  0.42  300-350°  C.  0.86 

200-230°  C.  0.50  Residue  0.70 

Elimination  of  Sulfur  from  Petroleum  Distillates 
It  has  long  been  established  that  sulfur  compounds  occur- 
ring in  petroleum  products  are  objectionable,  and  are  largely 
responsible  for  the  properties  which  refining  seeks  to  re- 
move. WhOe  this  statement  applies  to  nearly  all'  petroleum 
products,  it  is  particularly  true  of  gasoline  and  kerosene. 
The  offensive  odors  possessed  by  most  unrefined  gasolines  are 
due  chiefly  to  very  small  proportions  of  mercaptans,  and  per- 
haps to  a  lesser  extent  to  nitrogen  bases  and  simple  naphthenic 
acids.  Unrefined  gasolines  are  also  usually  corrosive  to  metal, 
copper  being  usually  employed  for  the  test,  and  this  also  is 
attributed  to  sulfur  derivatives  or  perhaps  to  dissolved 
elementary  sulfur.  Gasolines  and  kerosene  of  offensive 
odor  also  usually  show  a  positive  "Doctor"  test  (with  alka- 
line litharge  solution).  In  addition  to  the  effects  of  sulfur 
just  mentioned,  the  use  of  high  sulfur  gasolines,  particularly 
benzene  blends  which  are  apt  to  ha\e  a  high  percentage 
of  sulfur,  results  in  the  formation  of  acids  on  combus- 
tion in  a  motor,  and  this  causes  serious  corrosion.  The  dis- 
coloration and  development  of  acidity  in  gasoline  that  is 
stored  for  some  time  is  also  frequently  attributed  to  sulfur 
compounds,  although  these  effects  are  certainly  more  pro- 
nounced in  the  case  of  cracked  oils  which  have  been  refined 
by  sulfuric  acid,  as  pointed  out  below.  Sulfur  is  probably 
not  such  a  serious  impurity  in  kerosene  as  in  gasoline,  al- 
though it  is  known  to  cause  filming  of  lamp  chimneys  and 
charring  and  uneven  burning  of  the  wick.  It  is  also  proba- 
bly responsible  for  discoloration  during  storage. 

The  best  known  and  one  of  the  most  successful  processes  for 
desulfurizing  oils  is  the  Frasch  process,  developed  to  sweeten 
the  so-called  "skunk"   oils  of  northern  Ohio,  Indiana,  and 

'  Ber.,  49  (1916),  1344,  1551. 

'Ann.,  403  (1914),  11. 

'  J.  Inst.  PelroUum  Tech.,  3  (1917),  229. 

8  The  presence  of  sulfur  appears  to  be  an  advantage  in  the  case  of  resid- 
uum, which  is  to  be  blown  by  air  for  conversion  to  asphalt;  sulfur  accelerates 
the  process,  producing  a  harder  product  in  a  given  time. 


Ontario.  The  produc^tion  of  this  crude  haw  now  sunk  to  very 
insignificant  proiwirtions,  and  other  oils  which  are  now  of 
the  greatest  industrial  iin|M>rtancc  for  example,  the  high 
sulfur  Mexican  oils— cannot  be  successfully  dcsulfuri«e<i  by 
the  Frasch  nietliod.  Frasch  also  took  out  a  jmtent'  for  de- 
chlorinuliny  oil  which  had  been  treated  with  bleaching  jxiwder. 
The  Frasch  method  of  dechlorinating  coiLsisted  in  heating  the 
oil  witli  alkaline  litharge  or  Doctor  solution,  but  so  far  as  the 
authors  are  informed  this  process  was  never  operated  on  an 
extensive  scale.  Colin  and  Amend'"  patented  a  method  of 
refining  petroleum  distillates  whicii  consisted  in  treating  the 
oil  with  hypochlorites  in  the  presence  of  catalytic  agents, 
such  as  manganese,  nickel,  or  cobalt  salts,  which  evolve 
oxygen  from  the  hypochlorite.  riowe\-er,  the  only  desulfur- 
izing process  other  than  that  of  Frascli  which  has  been  em- 
ployed on  a  large  scale  is  the  alkaline  litharge  method;  but, 
like  the  Frasch  method,  this  process  eliminates  only  certain 
classes  of  sulfur  derivatives  and  is  of  little  or  no  value  on 
distillates  from  certain  crudes.  It  is  frequently  noted  that 
gasolines  may  be  negative  to  the  alkaline  litharge  test  and 
yet  show  very  marked  corrosion  of  copper  and  rapid  discolora- 
tion on  standing. 

The  method  of  refining  by  dilute  hypocliloric  solutions  de- 
scribed below  seems  to  be  universally  applicable  to  desul- 
furizing all  the  gasoline  and  kerosene  distillates  from  all  types 
of  crudes.  For  example,  it  can  be  successfully  applied  to 
the  desulfurizing  and  refining  of  naphtha  from  Mexican 
crudes,  which  are  not  amenable  at  all  to  the  Frasch  method. 
It  should  be  pointed  out  also  that  under  the  conditions  as 
defined  below  no  chlorine  is  introduced  into  the  oil.  Refining 
by  hypochlorite  can  be  carried  out  according  to  either  of  two 
principles:  (1)  complete  desulfurization,  or  (2)  refining  so 
as  to  pass  the  usual  tests  and  be  satisfactory  as  regards  odor, 
color,  and  keeping  qualities.  The  latter  method  requires  the 
employment  of  much  less  reagent  and  is  accordingly  cheaper. 
Although  the  copper  corrosion  and  Doctor  tests  may  be  neg- 
ative and  the  oil  may  be  quite  satisfactory  in  other  respects, 
not  all  the  sulfur  present  is  actually  removed;  the  cor- 
rosive and  offensive  sulfur  compounds  present  are  converted 
to  very  stable  compounds  which  are  odorless  and  noncor- 
rosive.  The  amount  of  hypochlorite  required  to  refine  the 
gasoline  distillate  from  the  average  American  crude  petroleum 
is  remarkably  small. 

The  savings  effected  by  the  hypochlorite  method  varj- 
widely  with  different  oils  and  according  to  the  degree  to  which 
the  refining  is  carried  out.  Thus,  a  good  quality  of  crude 
gasoline  distillate  may  be  refined  to  pass  the  corrosion  and 
Doctor  tests  with  only  2  or  3  lbs.  of  chlorine  in  the  form  of 
hj-pochlorite  per  1000  gal.,  but  complete  desulfurization  of  a 
gasoline,  such  as  that  from  Persian  crude,  requires  abouf  1  lb. 
of  chlorine  per  50  gal. 

Refining  of  Cracked  Distillates 
It  is  probable  that  labil  sulfur  compounds  in  oils  that  have 
been  treated  by  sulfuric  acid  are  responsible  for  discoloration 
when  such  oils  are  permitted  to  stand;  this  is  particularly  true 
of  gasoline  which  has  been  made  by  thermal  crackmg  methods 
and  which  has  been  refined  by  sulfuric  acid.  When  small 
proportions  of  sulfuric  acid  are  employed  for  treating  such 
cracked  gasoline,  it  is  possible  to  bring  about  a  substantial 
increase  in  the  sulfur  content,  the  sulfur  thus  introduced 
being  in  the  form  of  alkyl  esters  of  sulfuric  acid,  formed  ac- 
cording to  the  equation— using    amylene  as  an  example — 


2CsHio  +  HiSO,- 


CiHuOv 

ysch 

CsHuQ/ 


•  U.  S.[Patelit  523,811  (1894). 
10  U.  S.  Patent  723,368  (1903). 
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Such  esters  are  not  readily  removed  from  the  oil  by  washing 
with  alkali;  and  it  is  common  experience  that  such  oils,  treated 
in  this  way,  jneld  free  sulfur  dioxide  when  redistilled,  even 
when  the  alkali  wasli  has  been  as  effective  as  possible."  On 
the  other  hand,  if  large  proportions  of  sulfuric  acid  are  em- 
ployed for  treating,  large  losses  result,  varying  from  about 
3  per  cent  up  to  20  per  cent,  the  latter  figure  being  about  the 
average  loss  on  treating  Scotch  shale  oil  distillates  with  sul- 
furic acid.  Very  large  losses  are  also  experienced  in  refining 
crude  benzene  losses  by  solution  and  poljinerization  frequently 
amounting  to  20  per  cent.  However,  it  is  now  very  generallj' 
recognized  that  simple  olefins  are  not  objectionable  as  constit- 
uents of  motor  fuel.  It  has  accordingly  become  the  almost 
universal  practice  to  refine  such  cracked  naphthas  with  a 
small  proportion  of  acid  and  then  redistil  to  free  the  gasoline 
of  the  sulfuric  esters  and  polymers  formed  by  the  acid. 

The  total  loss  on  refining  cracked  gasoline,  however,  is  al- 
ways greater  than  the  observed  loss  of  volume,  since  a  large 
proportion  of  the  unsaturated  hydrocarbons  are  poljTnerized 
to  higher  boiling  hydrocarbons.  (When  such  cracked  dis- 
tillates are  not  redistilled  they  quickly  become  discolored  on 
standing,  even  for  a  comparatively  short  time,  and  frequently 
develop  a  browTi  sediment  and  a  strongly  acid  reaction.)  This 
procedure  obscures  the  actual  total  loss  of  gasoline.  Since 
polymerization  is  the  principal  result  with  unsaturated  hy- 
drocarbons above  hexylene  in  the  olefin  series,'-  the  poljon- 
erization  loss  on  treating  cracked  gasoline  is  always  greater 
than  the  observed  solution  loss.  Thus,  a  cracked  gasoline 
giving  a  solution  loss  of  3  per  cent  will  have  a  polymerization 
loss  of  al  least  an  equal  amount,  or  a  total  gasoline  loss  of  at 
least  6  per  cent.  This  point  is  worth  emphasizing,  because  it 
is  by  no  means  universally  recognized  to  be  a  fact.  A  number 
of  cracked  gasolines  made  by  distilling  Oklahoma  fuel  oil  under 
100  to  150  lbs.  pressure  showed  polj-merization  losses  of  15  to 
30  per  cent  and  the  dry  point  was  not  reached  at  260°  C. 
(500°  F.).  Although  these  particular  gasolines  contained  a 
higher  percentage  of  unsaturated  hydrocarbons  than  com- 
mercial cracked  distillates  made  to-day,  and  were  treated 
with  more  acid,  they  do  demonstrate  that  such  losses  are  verj' 
real  and  may  be  comparatively  large.  This  is  still  further 
demonstrated  by  the  action  of  ordinary  concentrated  sul- 
furic acid,  66°  B6.,  on  a  mixture  of  amylenes  and  hexylenes  at 
—  5°  C,  in  which  case  the  loss  by  .solution  in  the  acid  was  only 
11  percent,  but  75  per  cent  of  the  mixture  was  converted  into 
high  boiling  polymers.  Small  proportions  of  acid  may  bring 
about  a  very  extensive  polymerization.  Thus,  a  pure 
olefin,  CuHm,  of  known  purity,  showed  a  loss  to  85  per  cent 
sulfuric  acid  of  only  4.4  per  cent  and  was  almost  entirely 
polymerized;  ordinary  96  per  cent  acid  gave  a  loss  of  about 
10  per  cent,  and  tiie  remainder  was  completely  polymerized. 
The  highest  solution  losses  occur  in  the  lighter  fractions  con- 
taining amylenes  and  hexylenes.  In  view  of  the  facts  just 
mentioned,  it  is  certain  that  a  careful  investigation  of  the 
polymerization  losses  in  the  present  American  practice,  of 
refining  cracked  gasoline  by  sulfuric  acid  and  redistilling,  are 
very  real  and  probably  amount  to  3  to  6  per  cent  of  the 
gasoline  treated.  The  refining  of  such  cracked  gasolines  by 
filtering  through  fuller's  earth  or  similar  material  also  is  known 
to  effect  some  polymerization,  and  therefore  loss,  but  treat- 
ment in  this  manner  has  not  been  very  successful  or  widely 
adopted.  The  only  published  data  bearing  on  this  are  those 
of  Gurwitsch"  who  noted  that  amylene  was  rapidly  polymer- 
ized by  fuller's  earth.  The  refining  of  such  cracked  gasoline, 
including  the  removal  of  sulfur  compounds,  by  hypochlorite 
solutions  is  by  far  the  most  economical  method  of  refining 
such  products. 

"  Brooks  and  Humphrey,  J.  Am.  Cktm.  Soc.  40  (1918),  822. 
'•  J.  Chem.  Soc.  (.London),  1»16,  933. 


That  the  hypochlorite  method  of  refining  petroleum  dis- 
tillates had  not  been  worked  out  many  years  ago  is  probably 
due  to  the  fact  that  the  first  attempts  resulted  in  introducing 
chlorine  into  the  oil.  The  natural  conservatism  surrounding 
a  long-established  process  (sulfuric  acid  and  soda  refining), 
together  with  the  fact  that  only  in  recent  years  has  liquid  chlo- 
rine become  a  really  cheap,  bulk  staple  of  the  chemical  in- 
dustries, have  also  been  factors  in  retarding  the  development 
and  adoption  of  the  new  method.  Special  methods  for  the 
cheap  and  safe  transportation  of  liquid  chlorine  have  also 
been  de\eloped — i. e.,  specially  designed  tank  cars — and  con- 
sequently liquid  chlorine  has  rapidly  been  replacing  bleaching 
powder  among  consumers  of  large  quantities  of  bleach. 

The  active  agent  in  the  new  process  is  probably  hj'pochlor- 
ous  acid.  As  originally  carried  out,  the  hypochlorite  solution 
was  generated  by  the  partial  electrolysis  of  salt  in  specially 
designed  hj'pochlorite  cells.  This  is  unsatisfactory  on  ac- 
count of  the  low  utilization  of  salt,  cost  of  current,  rapid 
deterioration  of  the  cells,  and  other  difficulties  wliich  have 
been  the  common  experience  with  such  cell  installations,  and 
the  hypochlorite  solution  is  better  made  up  from  liquid 
chlorine,  which  greatly  simplifies  the  operation  and  necessary 
supervision. 

The  sulfur  derivatives  in  petroleum  distillates  are  rapidly 
oxidized  by  dilute  hypochlorite  solutions,  2  hrs.  being  the 
time  allowed  in  the  case  of  the  Persian  distillates.  A 
concentration  of  12  to  15  g.  of  available  chlorine  per  liter  is 
employed  and  agitation  is  accomplished  by  circulating  the 
aqueous  solution  through  centrifugal  pumps  discharging 
below  the  surface  of  the  oil.  The  agitators  are  iron  and  are 
not  lead  lined,  experience  having  shown  that  corrosion  of  the 
iron  agitators  does  not  proceed  beyond  a  slight  filming  of  the 
metal.  Part  of  the  sulfur  is  removed  in  the  form  of  oxidation 
products  soluble  in  water.  The  best  procedure,  when  it  is 
desired  to  eliminate  the  sulfur,  is  to  refine  the  crude  naphtha 
distillate  containing  both  the  gasoline  and  kerosene,  then 
steam-distil  the  gasoline  and  pass  the  kerosene  residue 
through  a  filter  containing  dehydrated  bauxite  or  similar 
adsorbing  material  to  remove  the  slight  color.  The  oxidized 
sulfur  compounds  are  much  more  readily  removed  by  the 
bauxite  than  in  their  original  condition.  The  combined  losses 
amount  to  about  0.5  per  cent  in  the  case  of  Persian  oil,  and 
the  refining  losses  on  the  same  oils  as  formerly  treated  by 
sulfuric  acid  were  3  per  cent.  The  spent  hypochlorite  solu- 
tion is  practically  a  1  per  cent  solution  of  calcium  or  sodium 
chloride,  and  can  be  disposed  of  without  causing  stream  pol- 
lution or  other  nuisance.  This  procedure  thus  avoids  the 
recovei-y  of  acid,  burning  the  acid  tars,  or  other  troublesome 
methods  of  caring  for  the  acid  wastes  involved  in  the  old 
sulfuric  acid  process. 

fSp.gr.     0.750 
Once  run  naphtha  <  Sulfur      0.15  per  cent 

I  Color        P.  W. 
Agitate  with  a  hypochlorite  solution  12  g.  available  chlorine  per  liter 
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When  gasoline  only  is  to  be  treated,  the  filterinj;  operation 
may,  of  course,  be  dispensed  with.  The  foregoing  is  an  outline 
of  the  process  as  carried  out  on  the  distillate  from  Persian  oil. 
The  purification  is  so  effective  tiiat  with  gasoline  from 
Persian  oil,  containing  originally  the  percentage  of  sulfur  in- 
dicated above,  the  regular  commercial  output  passed  the  fol- 
lowing tests: 
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1—100  cc.  gasoline  +  1  cc.  KMnO«  (O.I  A^soln.)  +  2cc.  lOpcr 
cent  sulfuric  acid,  and  vigorously  shaken  retains  the  perman- 
ganate color  for  10  niin.,  usually  much  longer. 

2— When  a  sample  of  the  gasoline  is  treated  with  so<lium  and 
alcohol  and,  after  the  reaction  is  over,  slightly  acidiOed  and  tested 
with  lead  acetate,  no  film  of  lead  sulfide  can  be  detected. 

3 — The  copper  dish  test  is  entirely  negative. 

4 — The  Doctor  test  is  negative. 


The  Composition  of  Erythrosin' 

By  M.  Gomberg  and  D.  L.  Tabem 

Univbrsity  of  Michigan,  Ann  Arbor,  Michigan 


ALTHOUGH  tetraiodofluorescein  was  discovered  in 
1875,  the  commercial  purification  of  its  sodium 
salt  was  not  well  understood  even  in  1909,  as  is 
evidenced  by  the  statement  of  E.  G.  Kolmstamm'  before 
the  Seventh  International  Congress  of  Applied  Chemistry 
in  that  year:  "Of  twelve  samples  of  erythrosin  examined, 
ten  were  not  erythrosin  at  all,  and  of  the  other  two,  one  was 
low  in  iodine,  and  one  contained  arsenic."  To-day,  with  the 
dyestuff  standing  as  one  of  the  seven  permitted  food  colors 
and  receiving  important  consideration  as  a  sensitizer  of 
photographic  plates,  the  subject  of  its  preparation  has 
attained  considerable  importance.  When  intended  for  use 
as  a  food  color,  it  is  obviously  necessary  to  place  the  re- 
quirements in  regard  to  purity  as  near  the  theoretical  as 
technical  practice  will  allow.  The  faDure,  however,  of 
carefully  made  and  apparently  pure  technical  erj'throsin 
to  conform  to  the  standards  set  by  the  United  States  Bureau 
of  Chemistry'  has  made  it  seem  doubtful  if  the  formula 
CjciH606l4Na2,  as  given  in  Schultz's  Farbslofftaheln  for  1914, 
page  200,  and  as  adopted  by  the  Bureau  of  Chemistry,  is 
correct. 

In  this  communication  are  submitted  the  results  of  a  study 
concerning:  (a)  the  preparation  and  purification  of  tetra- 
iodofluorescein, (6)  the  conversion  of  this  into  the  sodium 
salt — i.  e.,  erythrosin,  (c)  the  composition  of  pure  erjihrosin, 
and  (d)  the  composition  of  the  technical  product. 

Preparation  of  Tetraiodofltjorescein 

Fluorescein  was  prepared  in  the  usual  manner  from  phthalic 
anh5'dride,  resorcinol,  and  zinc  chloride,  and  was  carefully 
purified.  Its  purity  was  further  confirmed  by  converting 
a  portion  into  the  diacetate,  and  this  was  found  to  melt  at 
199°  to  200°  C 

Three  methods  are  described  in  the  literature  for  the  prepa- 
ration of  tetraiodofluorescein:  (1)  the  electrolysis  of  an 
alkaline  solution  of  fluorescein  containing  a  little  excess  of 
iodine;^  (2)  the  treatment  of  a  comparatively  cool  alkaline 
solution  of  fluorescein  and  sodium  iodide  with  ammonium 
or  potassium  persulfate;^  and  (3)  direct  halogenation  in 
hot  dilute  acetic  acid  with  an  excess  of  iodine.'  For  labora- 
tory preparation  this  last  method  seemed  to  offer  the  best 
possibilities. 

'  Received  May  8,  1922. 

>  Proc.  7th  Internal.  Cong.  Appl.  Chcm..  1909,  Sec.  46,  p.  122. 

>  "Coal-Tar    Colors   Used  in  Food  Products,"  U.  S.  Depl.  Agr.,  Bull. 
147,  206. 

<  Baeyer,  Ann..  183  (1876),  2,  13. 

•  Chem.  Zentr.,  1900,  II,  1176.     Societe  chimique  des  Usines  du  Rhone, 
Anct.  Gilliard,  P.  Monnet,  et  Cartier,  D.  R.  P.  108,S3S. 

•  Winther,  "Patente  der  Organischen   Chemie,"  2   (1S77-1905),   169. 
»  Muhlhauser,  Dingltrs  polytech.  J..  S63  (1886).  99:  883  (1892),  258. 


Twenty-four  grams  of  fluorescein  were  dissolved  in  a  hot 
mixture  of  24  cc.  of  30  per  cent  sodium  hydroxide  and  240  cc. 
water.  One  hundred  grams  of  iodine  and  240  cc.  of  water  were 
treated  with  just  sufficient  30  per  cent  sodium  hydroxide 
solution  (105  cc.)  to  cause  decoloriiation,  and  the  two  solu- 
tions were  mixed  and  heated  nearly  to  boiling.  One  hundred 
grams  of  glacial  acetic  acid  were  allowed  to  flow  in  drop  by 
drop,  with  good  stirring,  the  temperature  being  maintained  at 
nearly  the  boiling  point.  The  liquid  was  then  partially  neu- 
tralized with  55  cc.  of  the  sodium  hydroxide  solution,  and, 
after  short  standing,  made  strongly  acid  with  200  cc.  of  1 : 1 
hydrochloric  acid.  After  boiling  for  a  minute,  the  mixture 
was  diluted  with  hot  water  to  3  liters,  and  the  whole  allowed 
to  stand  for  several  hours.  The  yield  of  crude,  amorphous 
product  was  95  per  cent. 

It  was  found  that  the  method  of  Muhlhauser — namely, 
repeated  digestion  with  dilute  hydrochloric  acid — did  not 
remove  all  the  adhermg  iodine.  Treatment  of  an  alkaline 
solution  of  the  dye  with  sodium  sulfite  apparently  removed 
some  of  the  halogen  even  from  the  molecule  itself.  Ple- 
peated  digestion  with  sodium  iodide  gave  a  product  very 
light  in  color,  but  which  still  retained  some  iodine,  as  could 
be  demonstrated  by  heating  the  acid  at  135°  C,  whereupon 
vapors  of  iodine  were  given  off.  Treatment  with  5  per  cent 
sodium  thiosulfate  solution  was  not  efficient,  and  there  al- 
ways resulted  a  slight  precipitate  of  sulfur.  The  following 
procedure  was  finally  adopted  for  securing  a  product  which, 
while  amorphous,  was  free  from  occluded  and  adsorbed 
iodine:  four  washings  of  the  crude  substance  with  water 
containing  a  little  sulfuric  acid  in  order  to  repress  the  solu- 
bility of  the  iodo  compound,  two  extractions  with  warm 
alcohol,  then  solution  in  dilute  sodium  hydroxide  (50  g. 
dye  in  3  1.  of  water),  and  precipitation,  hot,  with  dilute 
sulfuric  acid;  then  again  washing  with  water,  and  finally 
with  alcohol.  The  final  product  was  very  light  in  color  and 
did  not  give  off  iodine  vapors  when  heated  for  one  hour  at 
150°  C. 

The  product  thus  purified,  while  entirely  free  from  occluded 
iodine,  contained  about  6  per  cent  of  diiodofluorescein,  as 
was  e\'idenced  by  its  iodine  content — 59.74  instead  of  60.75 
per  cent.  It  is  almost  impossible  to  separate  completely 
the  tetraiodo  from  the  diiodo  compound  by  recrystallization 
of  the  mixture  of  the  acids,  because  the  two  are  nearly  alike 
in  respect  to  solubility,  or  rather  insolubility,  in  the  usual 
solvents.  Nor  can  one  depend  upon  the  melting  point  as 
a  criterion  of  purity,  for  this  is  very  indefinite.  In  order  to 
obtain  perfectly  pure  tetraiodofluorescein,  we  have  there- 
fore converted  our  product  into  the  diacetate,  purified  the 
latter  by  recrystallization  until  the  melting  point  was  con- 
stant and  iodine  analysis  indicated  a  compwund  of  unques- 


1116 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  14,  No.  12 


tioned    purity.    Thi.s    diacetate   upon   sapoDification    gave 
us  the  pure  tetraiodofluorescein. 

Tetr-viodofluorescein  Di.\cetate — 25  g.  of  tetraiodo- 
fluorescein, 100  cc.  of  acetic  anhydride,  and  5  g.  of  fused 
sodium  acetate  were  heated  in  an  oil  bath  under  a  reflux 
condenser  for  2  lirs.  at  150°  C,  and  the  solution  was  then 
poured  while  still  hot  into  ice  water.  The  solidified  mass, 
washed  with  water  and  dilute  sodium  hydroxide,  and  dried, 
was  recr>'stallized  from  boiling  bromobenzene.  It  then 
became  soluble  in  cold  acetone,  from  which,  however,  it 
almost  immediately  reprecipitated  as  a  beautifully  crj'stalline 
white  powder,  nearly  insoluble  in  all  solvents  of  low  boiling 
point.  By  three  crystaUizations  from  bromobenzene,  al- 
ternated with  the  above-mentioned  solution  and  precipi- 
tation from  acetone,  a  pure  white  product  was  obtained 
which  melted  at  293°  to  294°  C.    Yield,  14  g. 

Calculated  for  diacetate  CJ4H11O7I1:    I,  55.20  per  cent. 
Found;    1.55.27;    .i5.46;    55.08;    54.90.     Av.  55.18  per  cent. 

Saponification  of  the  Diacetate — Of  several  methods 
tried,  the  following  was  found  most  suitable:  10  g.  of  eryth- 
rosin  diacetate  were  suspended  in  a  mixture  of  600  cc.  of 
acetone,  45  cc.  of  water,  and  90  cc.  of  ammonium  hydro.xido 
solution  at  room  temi^rature  for  8  to  10  hrs.,  complete  solu- 
tion having  been  effected  in  about  one-third  of  this  time. 
The  filterecl  solution  was  diluted  with  one-fourth  its  volume 
of  water  and,  after  partial  neutralization  with  dilute  acid, 
heated  to  40°  to  50°  C.  Upon  complete  acidification,  pure 
acid  precipitated  crystalline.  In  this  condition  the  air-dried 
material  retains  only  0.5  per  cent  of  solvent.  Yield,  95 
per  cent.  The  acid  purified  through  the  diacetate  could 
readily  be  obtained  in  crystalline  form  even  from  its  warm 
aqueous  ammoniacal  solution  by  dilute  acetic  acid,  complete 
separation  being  insured  by  finally  adding  a  little  sulfuric 
acid.  The  same  material  precipitated  in  the  cold  was  amor- 
phous, but  when  sufficiently  washed  was  equally  pure. 


-Per 


Calculated  for  Ci<HiO>I<:    I.  60.75 

Found:   Lot  1  I.  60,44     60.51     60.67     Av.  60.54 

Lot  2  1,  60.62 

Lot  3    Hot  pptn.  I,  60.43     60.27     60.73     Av.  60.54 

Cold  pptn.  I,  60.65     60.56     60.65     60.81     Av.  60.67 

Tetraiodofluorescein  thus  prepared  is  insoluble  in  all  the 
usual  solvents  which  boil  below  100°  C,  with  the  exception 
of  alcohol  and  moist  acetone,  and  only  slightly  soluble  in 
these.  Ethylene  chlorobromide  and  dibromide  dissolve 
a  little  on  heating,  as  does  bromobenzene,  but  the  precipi- 
tates obtained  on  cooling  are  not  fully  crystalline.  The  solu- 
bility in  ethyl  salicylate  is  low.  Nitrobenzene  dissolves  1 
g.  per  15  cc.  at  160°  C,  but  at  best  only  half  of  this  is  pre- 
cipitated on  long  standing,  and  the  product  is  somewhat 
low  in  iodine  content.  m-Cresol  pro\'ed  an  unusually  good 
solvent  at  its  boiling  jwint,  but  here  again  the  yields  were 
never  lietter  than  .50  per  cent  and  the  product  analyzed  only 
59 .  37  per  cent  iodine. 

Method  of  Iodine  Analysis — For  the  determination 
of  the  percentage  of  iodine,  the  Pringsheim  method,  fusion 
with  sodium  peroxide,  proved  entirely  unsuitable.  The 
chromic  acid  oxidation  according  to  Baubigny  and  Cha- 
vaunnC  was  applicable  and  has  been  used  to  some  extent, 
but  the  result,s  were  inferior  in  constancy  to  those  obtained 
by  the  method  of  Seeker  and  Mathewson,»  as  is  shown 
on  the  same  sample  in  both  cases,  in  the  foUowng  table: 


Bnubignjr  and  Chuvaunn 
Seeker  and  Mathcwson 


* Per  cent  Iodine 

.10.09;  47.89.  48.29;  48.1 
4890;  48.99;  48.94 


Some  slight  modification  of  the  second  method,  however, 
was  found  advisable,  especially  in  the  case  of  acid  dried 

■  Chem.  Ztitlr.,  IMM,  II,  69;  1904,  I,  609;  1908,  I,  2111. 
•  CAfm.  ATtoj,  IM  (1811).  161. 


for  a  long  time.  0.2  to  0.3  g.  of  tetraiodofluorescein  was 
dissolved  in  20  cc.  of  water  and  10  cc.  of  10  per  cent  sodium 
hydroxide  by  heating  gently  for  a  few  minutes.  (With  the 
sodium  salt,  only  2  cc.  of  sodium  hydroxide  are  necessary.) 
While  still  hot,  40  to  60  cc.  of  a  saturated  solution  of  halo- 
gen-free potassium  jiermanganate  were  added,  followed  by 
12  to  15  cc.  of  concentrated  nitric  acid.  The  subsequent 
treatment  was  identical  with  that  given  by  Seeker  and  Math- 
ewson.  It  was  found  that  this  method  of  halogen  estimation 
could  be  applied  to  the  diacetate  also,  if  the  sample  were  dis- 
solved in  30  cc.  of  70  per  cent  alcohol  and  15  cc.  of  10  per 
cent  hydroxide,  and  heated  on  the  water  bath  until  all 
alcohol  was  removed  and  saponification  was  complete  before 
the  addition  of  permanganate  and  nitric  acid. 

Preparation  op  Erythrosin 

For  the  preparation  of  the  disodium  salt  of  tetraiodo- 
fluorescein. a  suspension  of  the  acid  in  water  could  be  ex- 
actly neutralized  by  the  addition  of  the  requisite  amount  of 
standard  0.02  iV  alkali  and  the  solution  evaporated  to  dry- 
ness. It  was  found,  however,  that  products  obtained  in  this 
manner  were  diflScult  to  get  dry  and  were  invariably  low  in 
iodine.  Sodium  carbonate  gave  us  better  results,  and  accord- 
ingly the  following  method  was  adopted:  3  g.  of  tetraiodofluo- 
rescein and  an  equal  weight  of  dry  sodium  carbonate  were 
suspended  in  150  cc.  of  absolute  alcohol  and,  after  standing 
some  hours,  the  whole  heated  to  boUing  for  a  few  minutes. 
The  undissolved  carbonate  was  filtered  off  and  the  liquid 
concentrated  under  reduced  pressure  until  the  separation 
of  the  salt  commenced.  The  small  amount  of  precipitate 
was  removed  by  filtration  and  the  evaporation  of  the  solution 
continued  further.  When  the  volume  had  reached  ap- 
proximately 30  cc,  an  equal  amount  of  absolute  ether  was 
slowly  added  and  crystallization  allowed  to  proceed  over 
night.  The  red  crystals  were  separated  rapidly  by  filtration, 
washed  with  alcohol  and  ether,  and  dried  in  a  vacuum  desic- 
cator over  fresh  sulfuric  acid.  Erythrosin  prepared  as  de- 
scribed contains  solvent  of  crystallization  which,  however, 
is  not  all  alcohol,  but  in  part  water.  The  water  has  partially 
resulted  from  the  neutralization  of  the  erythrosin  acid  by 
the  sodium  carbonate,  and  in  spite  of  the  fact  that  the  amount 
of  water  is  exceedingly  small  as  compared  with  the  large 
amount  of  alcohol,  nevertheless  er3rthrosin  takes  up  that 
water,  so  great  is  the  avidity  of  the  sodium  salt  to  form  a 
hydrate.  Completely  hj'drated  erythrosin  is  obtained  when 
the  pure  sodium  salt,  freed  from  alcohol  by  drying  at  130°  C, 
is  dissolved  in  water,  the  solution  evaporated  to  dryness 
under  reduced  pressure,  and  the  drj'  residue  further  dried 
in  a  vacuum  desiccator. 

Pure  Erythrosin 

In  the  following  table  are  given  the  results  of  analyses 
of  several  samples.  The  relative  proportions  of  alcohol 
and  water  in  erythrosin  were  obtained  as  follows:  A  weighed 
sample  of  the  salt  (3  to  4  g.)  was  put  in  a  large  boat,  placed 
in  a  glass  tube  and  heated  at  the  desired  temperature,  a 
stream  of  air  carrying  the  vapors  into  a  combustion  tube. 
From  the  quantities  of  carbon  dioxide  and  water  produced, 
the  relative  amounts  of  the  two  solvents  in  the  sample  of 
erythrosin  can  be  calculated.  All  samples,  whether  from 
alcohol  or  from  water,  were  dried,  prior  to  analysis,  over 
sulfuric  acid  in  a  vacuum  desiccator  for  2"2  to  3  hrs.,  which 
period  should  be  amply  sufficient  to  free  crystalline  material 
from  any  adhering  volatile  solvent. 

These  results  indicate  clearly  that  erythrosin  combines 
with  both  alcohol  and  water.  The  actual  number  of  mols 
of  each  of  the  two  solvents  per  mol  of  dye  could  only  be 
determined  approximately,  since  in  the  initial  stages  of  dry- 
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ing  in  the  desiccator,  some  of  the  solvent  is  undoubtedly 
lost.  Approximately,  from  water  the  salt  contains:  1 
mol  erythrosin  +  4  mols  HoO;  from  alcohol,  1  mol  erythrosin 
+  2  mols  C2H6O;  from  alcohol  containing  but  a  very  little 
water,  some  of  each  solvent  is  taken  up.  But  whatever 
the  composition  of  the  liydrated  salt,  it  is  obvious  that  in 
drying  the  last  portion  of  the  water  is  retained  with  extreme 
tenacity.  The  question  arises — what  assurance  does  one 
have,  outside  of  the  analysis  of  the  dried  salt,  that  all  the 
water  has  been  driven  out  e\'en  when  the  salt  is  heated  for 
hours  at  160°  to  170°  C?  May  not  a  state  of  equilibrium 
be  established  at  that  temperature,  wherein  liberation  of 
water  from  the  salt  proceeds  at  a  very  slow  rate?  Much 
higher  temperatures  for  drying  are  inadvisable,  for  decompo- 
sition of  erythrosin  is  likely  to  set  in,  evolution  of  iodine 
becoming  quite  noticeable  at  200°  C.  We  have  analyzed 
Sample  3  after  it  had  received  the  treatment  described — 
namely,  4  hrs.  at  170°,  and  Sample  4,  which  had  been  dried 
5  hrs.  at  130°  C.  and  16  hrs.  at  160°  C.  The  results  in 
per  cent  iodine  are: 

Samples      57.10     56.84     57.01     Av.  56.98 
Sample  4      57.20     56.80  Av.  57.00 

Calculated  for  CioHeliOsNas:    57.70;    CoHeltOiNai  -(-  HiO:    56.56 

That  the  long  heating  in  the  process  of  drying  the  two 
samples  at  the  temperature  recorded  did  not  induce  de- 
composition of  erj-throsin  with  possible  loss  of  iodine,  is 
evident  from  the  fact  that  the  acid  regenerated  from  the  salt 
was  found  to  contain  the  right  amount  of  iodine — viz., 
60.51  against  60.75  per  cent  calculated.  The  conclusion, 
therefore,  seems  to  be  that  the  low  iodine  content^ap- 
proximately  57.00  instead  of  57.70  per  cent — of  our  erj'th- 
rosin,  which  had  been  prepared  from  very  pure  acid  and 
had  been  thoroughly  dried,  must  be  due  to  the  retention  of 
water  by  the  salt  to  the  extent  of  about  1 . 2  per  cent  (cal- 
culated for  1  mol  H;0,  2 .00  per  cent). 

With  regard  to  the  manner  in  which  the  water  is  held, 
little  may  be  said  with  certainty.  In  a  series  of  papers 
from  tliis  laboratory,  it  has  been  shown  that  diphenyl  fuch- 
sone  and  many  analogous  compounds  possess  the  tendency 
to  combine  with  water  and  give  rise  to  quinonoid  tautomers 
of  the  carbinols  of  varying  degrees  of  stability. 


Technical  EnrrunosiN 

A  .sample  of  cominercial  erythrosin  acid  of  rcliHble  manu- 
facture WHS  subjected  to  the  saiiK,-  analysis  as  our  sample 
which  had  been  completely  purified  through  the  diacetate. 
The  acid,  upon  digestion  with  alcohol,  was  found  to  be 
practically  free  from  adsorbed  iodine.  Dried  in  a  vacuum 
desiccator  and  for  a  few  minutes  at  130°  C,  it  contained 
60.61  per  cent  of  iodine  against  tlie  theoretical  00.75. 
The  acid  was  converted  into  erythrosin,  in  absolute  alcohol 
with  sodium  carbonate,  just  as  described  for  our  own  sample, 
and  the  resulting  salt  was  dried  in  a  vacuum  over  sulfuric 
acid  at  room  temperature. 

(1)  One  portion  of  this  erythrosin,  which  had  been  dried 
at  room  temperature  for  12hr8.,  was  heated  at  120°  to  130°  C, 
and  it  lost  in  alcohol  and  water,  during  the  first  hour  and 
a  half,  6.27  per  cent,  and  during  the  next  4  hrs.,  0.3  per  cent. 

(2)  A  second  portion  was  recrystallized  from  water,  and 
the  sample,  after  13  hrs.  in  a  vacuum  desiccator,  lost  at 
130° C,  during  the  first  hour,  5.65  percent,  and  in  the  next  3 
hrs.,  0.36  per  cent;  after  that  in  16  hrs.  at  160°C.,  0.09 
per  cent. 

(3)  A  third  portion,  from  alcohol,  lost  in  11  lirs.  at  135° 
C,  7 .  36  per  cent  as  alcohol  and  1 .  36  per  cent  as  water. 

(4)  A  fourth  portion,  also  from  alcohol,  lost  in  4  hrs.  at 
170° C,  7.57  per  cent  as  alcohol  and  1 .2  per  cent  as  water. 
Now,  just  as  in  the  case  of  our  own  erythrosin,  this  technical 
product,  in  spite  of  the  drastic  treatment,  did  not  apparently 
lose  aU  its  water.  Here  again  the  salt  contained  less  iodine 
than  it  should  if  it  were  completely  dehydrated.  Sample 
4  gave  57.27,  57.14,  56.92  per  cent;  average,  57.09  per 
cent  iodine. 

Conclusion 

The  conclusion  seems  justified  that  the  true  composition 
of  er}i:hrosin  is  C»oH6l405Na2  +  HjO,  and  that  it  is  almost 
impossible  to  dehydrate  it  completely  without  risk  of  de- 
composition of  the  salt.  In  \'iew  of  this,  we  suggest  that  the 
specifications  of  purity  be  based  upon  the  following  prin- 
ciples: (1)  Erythrosin  should  be  dried  to  approximately 
constant  weight  at  120°  to  125°  C,  weighings  being  made  at 
the  end  of  the  second  hour  and  every  hour  thereafter;  it 
should,  then,  on  solution  in  verj'  dilute  ammonia  and  careful 
precipitation,  hot,  with  acetic  acid  followed  by  a  httle  sul- 
furic acid,  give  93 . 5  =t  0 . 5  per  cent  of  its  weight  of  dry  eryth- 
rosin acid,  after  adding  a  correction  of  0.4  per  cent  for 
each  100  cc.  of  water  used  with  a  1-g.  sample.  This  solu- 
bility correction  was  found  necessary  in  experiments  upon 
pure  erji;hrosin  acid.  (2)  The  precipitated  erji,hrosin  acid 
should  give  up  no  iodine  to  alcohol,  and  should,  when  dry, 
contain  about  60 .  75  per  cent  of  iodine.  . 


(CHi)* 


=  O  -1-  H2O  : 


:(C6H.),  =  C  =  <'        >.: : 

\=/  \.    OH  : 


Erythrosin,  on  the  basis  of  its  constitution  and  in  analogy 
with  the  other  and  simpler  fuchsones,  may  act  in  a  similar 
manner.    The  constitution  of  the  salt,  then,  is  as  foUows: 


>y 


=0     \= 


\ 


\/.9.; « 
/\:  OH 


Fire  Hazards  in  Oil  Refineries 

Fires  in  oil  refineries  may  be  caused  by  lightning  or  other  mis- 
hap, or  by  carelessness  in  allowing  the  oil  or  vapors  to  become  ig- 
nited, states  the  Bureau  of  Mines  in  Serial  2400  jiist  issued. 
Probably  the  most  frequent  cause,  however,  is  the  failure  of  re- 
fining equipment.  StiUs  are  designed  to  be  safe,  and  usually 
are  safe.  Nevertheless,  defects  sometimes  occur,  as  in  all  metal 
structures,  and  unless  promptly  discovered  and  remedied  may  re- 
sult in  serious  fires  and  explosions.  The  dangers  of  refining 
crude  oil  are  well  recognized,  and  all  modem  refineries  have  de- 
veloped highly  efficient  systems  of  inspection  and  fire  prevention. 

Further  tests  have  been  conducted  at  Pittsburgh,  Pa.,  by 
the  Bureau  of  Mines  to  obtain  data  as  to  the  comparati\'e 
sensitiveness  of  gasoline  vapors  and  methane  with  respect  to 
their  ignition  from  electric  flashes.  This  work  has  a  bearing 
on  the  degree  of  protection  that  will  be  necessary  for  electric 
motors  used  in  and  around  buildings  where  gasoline  vapor  may 
be  present. 
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The  Manufacture  of  Hydrogen  by  the  Partial  Liquefaction 
of  Water  Gas  and  Coke-Oven  Gas' 


By  Georges  Claude 

SocifiTfi  DB  Grands,  Paroissb,  hbar  Montkrbau,  Francs 


FOR  A  NUMBER  of  years  already  I  have  been  engaged  in 
the  manufacture  of  hydrogen  by  the  partial  and  direct 
liquefaction  of  water  gas  and  its  analogues.  For  this 
purpose  water  gas,  compressed  to  a  suitable  degree,  is  in 
the  first  instance  deprived  of  its  carbon  dioxide  and  is  dried. 
The  gas  is  then  sent  into  a  heat  exchanger,  E  (Fig.  1),  in 
which  it  is  cooled  by  circulating  in  the  opposite  direction  to 
the  hydrogen  and  carbon  monoxide  which  have  already  been 
separated.  The  gas  then  enters,  by  the  collector  C,  the 
bottom  of  a  sheaf  of  vertical  tubes,  F,  the  lower  portion  of 
which  plunges  mto  a  bath  of  carbon  monoxide  boiling  under 
atmospheric  pressure.  By 
the  combined  influences  of 
the  pressure  and  of  the  tem- 
perature of  the  liquid  bath, 
a  large  portion  of  the  carbon 
monoxide  of  the  ascending 
gases  is  liquefied;  it  flows 
back  into  the  collector  C. 
Owing  to  the  pressure  tliis 
liquid  is  forced  out  through 
the  tube  T  and  the  cock  R, 
into  the  vaporizer  V,  where 
it  replaces  the  liquid  which 
is  being  evaporated.  The 
remaining  gas,  containing 
hydrogen  and  a  little  of  the 
residual  CO,  continues  to 
rise  in  tlie  sheaf  of  tubes  F. 
There  the  gases  encounter  a 
temperature  which  is  more 
and  more  being  lowered,  by 
means  wiiich  I  shall  presently 
explain.  Under  that  influence 
^°-  ^  the  rest  of  the  carbon  mon- 

oxide is  liquefied.  Theoretically,  tiierefore,  it  is  a  sensibly 
pure  hydrogen  which  escapes  from  tlie  top  of  the  tubes,  and 
it  is  this  cold  and  compressed  hydrogen  which  is  expanded 
in  the  nozzle  D,  and  further  cooled  by  this  expansion  to  be 
sent  back  around  the  sheaf  F,  in  order  there  to  produce  the 
very  low  temperatures  of  which  I  have  just  spoken. 

In  working  this  process  two  sources  of  inconvenience  were 
experienced  which  I  have  only  recently  been  able  to  over- 
come. In  the  first  instance,  when  the  hydrogen  is  arriving 
at  extremely  low  temperature  in  the  nozzle,  as  indicated,  the 
frigorific  efliciency  of  the  expansion  will  be  very  low.  There 
is  in  that  case  a  "loss"  of  liquid,  unless  we  go  up  to  pressures 
regrettably  high  from  the  point  of  view  of  energy  expenditure 
and  this  all  the  more  so  because  none  of  the  customary 
lubricants  can  be  employed  at  these  temperatures.  Hence 
there  is  abnormal  friction  in  the  nozzle  which  will  again 
lower  the  frigorific. efficiency.  In  the  second  instance,  the 
calorific  mass  of  the  gases  leaving  the  tubes,  and  afterwards 

•  A  contribution  to  a  general  discussion  on  "The  Gcneriition  and 
Utilization  of  Cold,"  held  by  the  Faraday  .Society  and  the  British  Cold 
Storage  and  Ice  Association.  October  16,  1022.  Reprinted  by  permission 
of  Faraday  Society. 

■Translated  by  H.  Borns. 


the  nozzle  D,  and  circulating  about  the  rising  gases,  will' 
be  smaller  than  that  of  the  latter  by  the  whole  mass  of  the- 
carbon  monoxide  which  had  been  liquefied  by  their  action. 
As  a  consequence  the  ascending  gas  cannot,  even  assuming 
a  perfect  heat  exchange  to  take  place,  leave  the  sheaf  of 
tubes  at  the  temperature  at  which  the  expanded  gases  entered 
the  tubes.  The  final  temperature  of  the  expansion  of  hydro- 
gen will,  therefore,  not  be  very  low,  and  in  addition  this 
temperature  will  be  badly  utilized  for  the  purification  of 
the  ascending  gases. 

These  various  troubles  have  been  overcome  in  the  following 
manner: 

1 — Part  of  the  com- 
pressed gas  which  is 
entering  the  system  is 
withdrawn  from  the 
heat  exchanger  E,  at 
a  point,  M  (Fig.  2), 
before  it  arrives  in  the 
cold  portion;  it  is  thus 
relatively  little  cooled. 
It  is  sent  through  the 
tube  /  into  an  auxil- 
iar>'  system  of  tubes, 
G,  around  which  the 
hydrogen,  leaving  the 
bundle  and  passing  on 
to  the  nozzle,  is  being 
circulated  by  means 
of  the  pipes  L  and  K. 
This  relatively  warm 
gas  will  then  reheat 
the  hydrogen  before 
its  expansion  and  will 
hence  increase  the  effi- 
ciency of  the  expan- 
sion process. 

2 — If  we  relied  ex- 
clusively upon  this  p,o  2 
means,  the  final  tem- 
perature of  the  expansion  would  remain  bad  owing  to  the  want  of 
lubrication  and  to  the  eventual  freezing  out  of  the  residual 
CO  (  —  206°  C).  We  must  manage  to  lubricate  the  machinery 
by  a  substance  which  will  remain  liquid  when  the  temperature 
sinks  below  -206°  C.  That  body  cannot  be  petrol  ether,  or 
some  similar  substance,  since  they  would  all  be  solidified  at  this 
temiierature.  I  have,  therefore,  made  use  of  nitrogen  which 
only  solidifies  at  —211°  C,  and  which  can,  moreover,  be  added 
to  the  hydrogen  before  its  expansion  without  causing  any  com- 
plication, at  least  in  cases  when  we  are  aiming  at  the  synthesis 
of  ammonia.  A  current  of  compressed  and  dried  nitrogen  is 
cooled  down  to  about  its  condensation  point  in  the  heat  ex- 
changer K  by  means  of  the  tube  system  XY ;  it  is  then  added  to 
the  hydrogen  at  Z,  before  the  hydrogen  enters  into  the  nozzle. 
In  this  way  then  we  secure  acceptable  conditions  for  the  lubrica- 
tion. As  a  first  consequence,  the  temperature  of  the  escaping  gas 
is  easily  lowered  down  to  —208°  and  —210°  C,  as  soon  as 
we  lubricate  by  means  of  nitrogen.  As  a  second  consequence,  this 
addition  of  nitrogen  to  the  gases  leaving  the  tubular  system 
increases,  to  any  extent  that  we  desire,  the  calorific  mass  of  the 
expanded  gas.  The  latter  gas  may  therefore  equal  or  surpass 
in  mass  that  of  the  gas  ascending  in  the  sheaf  l\  including  the 
carbon  monoxide  which  has  been  condensed  in  this  part  of  the 
tubes.  As  a  result  the  temperature  of  expansion  is  considerably 
improved,  and  it  is  moreover  much  better  utilized.  We  can, 
indeed,  easily  eliminate  by  these  means  the  carbon  monoxide 
within  1  per  cent,  and  the  hydrogen  finally  isolated  can  without 
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any  difiiculty  be  used  in  my  hypercomprcssion  process  for  the 
synthesis  of  aminonia. 

'  Tliis  process  has  been  developed  and  put  into  practice 
in  the  works  of  the  Grande  Paroisse,  near  Montereau,  where 
an  apparatus  for  the  production  of  500  cu.  in.  of  hydrogen 
per  hour  is  in  operation,  feeding;  a  unit  for  5  tons  of  ammonia 
per  day.  The  carbon  monoxide  containinp;  all  the  nitrogen 
of  the  water  pas,  it  should  be  noted,  is  disoliargefl  at  a  i)or- 
centage  which  may  easily  be  raised  to  85.  The  hydrogen 
efficiency  is  therefore  excellent.  The  carbon  monoxide  may 
be  utilized  either  for  the  manufacture  of  various  chemical 
products  or  for  driving  the  internal  combustion  motors  of 
the  installation. 

The  process  which  I  have  outlined  requires  the  compres- 
sion of  the  gases  to  degrees  varying  with  the  size  of  the 
apparatus  from  15  to  30  atmospheres.  The  first  figure 
applies  to  apparatus  of  a  capacity  of  2000  cu.  m.  of  hydrogen 
per  hour.  This  process  necessitates  the  command  of  a 
relatively  high  motive  power,  and  one  might  draw  attention 
to  the  advantages  offered  by  processes  based  upon  the 
catalysis  of  CO  into  COj,  such  as  are,  for  instance,  employed 
in  the  Ilaber  process.  I  have,  therefore,  studied  and  tried 
this  process  only  with  a  ^•iew  of  its  ulterior  application  to  a 
particularly  interesting  case — that  of  the  coke-oven  furnaces, 
in  whicli  the  presence  of  a  considerable  portion  of  methane 
renders  catalytic  processes  inoperative.  The  complexity 
of  the  gas  mixtures  we  have  to  deal  with  in  this  case  and  the 
diversity  of  the  freezing  points  of  the  constituents  might 
make  us  fear  that  we  should  have  to  meet  serious  difficulties 
in  the  working  of  this  process.  As  a  matter  of  fact,  however, 
an  apparatus  has  already  been  constructed  for  this  purpose 
and  has,  after  very  short  trials,  been  put  successfully  to  ser- 
vice in  the  B^thune  mines.  The  essential  cause  of  the 
success  is  the  very  high  reciprocal  solubility  of  the  diverse 
condensable  constituents.  Tliis  first  apparatus  has  a  pro- 
ductive capacity  of  350  cu.  m.  of  hydrogen  per  hour,  and  it  is 
operating  with  a  compression  of  about  25  atmospheres.  An 
installation  for  the  utilization  of  the  hydrogen  produced 
by  means  of  tliis  apparatus  in  the  manufacture  of  ammonia 
by  the  application  of  hyper-compression  has  already  been 
erected  and  is  actually  being  put  in  working  order.  I  hope 
that  this  installation  wiU  be  the  point  of  departure  for  a 
much  more  important  installation  in  which  I  intend  to  make 
use  of  apparatus  for  the  production  of  2000  cu.  m.  of  hydro- 
gen per  hour. 

One  of  the  essential  reasons  that  make  me  count  upon  a 
development  of  this  process  in  the  coke-oven  industry 
lies  in  the  multiple  indirect  advantages  which  the  process 
promises. 

On  the  one  hand,  since  the  gases  to  be  treated  must  al- 
ready be  compressed  for  the  extraction  of  the  hydrogen,  we 
are  naturally  led  to  effect  the  stripping  of  the  gas  of  its 
benzene  likewise  under  compression.  All  the  benzene,  which 
at  present  escapes  when  the  process  is  carried  out  at  atmos- 
pheric pressures,  will  then  easUj'  be  retained;  that  will  consti- 
tute a  gain  which  in  certain  cases  may  come  up  to  1  kilogram  of 
benzene  per  ton  of  coke.  This  improved  recoverj'  will, 
moreover,  be  attained  by  means  of  an  infinitely  reduced 
amount  of  solvent  and  of  heat  energy,  and  at  much  diminished 
losses  of  solvent.  The  recovery  will  be  effected  in  absorp- 
tion and  distillation  apparatus  of  comparatively  very  small 
dimensions.  On  the  other  hand,  the  ethylene,  this  precious 
gas  the  percentage  of  which  in  furnace  gases  is  too  low  for 
its  successful  extraction  at  atmospheric  pressure,  may  easily 
be  collected  to  a  large  extent  in  the  course  of  the  operations. 
For  it  will  be  condensed  almost  alone  in  the  preliminary 
cold-exchanger  of  the  apparatus,  and  it  can  be  extracted 
as  a  40  or  50  per  cent  mixture  which  will  very  readily  be 


utilizablc,  either  for  tlic  manufacture  of  alcohol  or  for  uae 
in  autogenous  welding  or  similar  apparatus.  To  give  an 
idea  of  the  possible  importance  of  this  by-product,  I  may 
state  that,  supposing  the  furnace  gaa  is  treated  to  contain 
1.5  per  cent  of  ethylene  and  that  it  can  idl  be  extracted— that 
would  correspond  to  our  obtaining  200  liters  of  alcohol  per 
ton  of  ammonia  in  addition  to  other  products. 

Finally,  1  should  remark  that,  from  the  calorific  standptjint, 
hydrogen  must  be  regarded  as  the  very  worst  of  all  combus- 
tible gases.  One  cubic  meter  of  hydrogen  represent*  only 
about  2600  calories  (lower  calorific  power)  against  the  3000 
calories  of  carbon  monoxide  and  the  10,000  of  methane. 
When  we,  therefore,  extract  the  hydrogen  from  coke-oven 
gases,  we,  in  fact,  enrich  the  gases  in  a  true  sense,  and  it  is  a 
considerable  enrichment  which  they  undergo,  since  they 
become  fit  for  uses  for  which  they  would  otherwise  be  un- 
suitable. When  the  gas  is  to  be  distributed,  it  will  be  free 
of  everj-  trace  of  the  condensable  impurities  that  cause  so 
much  mischief  in  our  actual  gas  distribution  systems;  when 
it  is  to  be  utilized  as  industrial  gas,  it  will  enable  us  to  obtain 
extremely  high  temperatures  and  to  combine,  under  specially 
interesting  conditions,  the  production  of  nitric  oxide  by  the 
Hausser  process  with  the  synthesis  of  ammonia. 

These  are  the  principal  advantages  of  the  process  which 
I  have  the  honor  to  describe  before  you.  I  should  like  to 
emphasize  that  one  of  the  characteristic  essential  features  of 
the  process  is  the  extreme  smallness  of  the  necessary  appara- 
tus. An  apparatus  for  1000  cu.  m.  of  hydrogen  per  hour 
requires  a  sheaf  of  liquefaction  tubes  40  cm.  in  diameter 
and  3  m.  in  height. 


Lectures  at  Naval  Academy 

The  lectures  by  members  of  the  American  Chemical  Society 
before  the  Naval  Academy  at  Annapolis,  Md.,  have  again  been 
arranged  for  1922-1923.  The  officers  of  the  Na\'y  have  expressed 
most  cordial  appreciation  of  the  efforts  which  the  American 
Chemical  Society  has  been  making  to  see  that  they  are  sup- 
plied annually  with  instructive  chemical  information  from  some 
of  its  prominent  members.  The  lectures  given  for  the  present 
year  are  as  follows: 

October  21  at  11  a.m. — "The  Role  Played  by  CelluJose  in  the  Late  War," 
by  Prof.  Harold  Hibbert,  Yale  University,  New  Haven,  Conn. 

November  18  at  11  a.m. — "The  Economic  Independence  of  the  United 
States,"  by  Dr.  Edwin  E.  Slosson,  Head  of  Science  Service,  1115  Con- 
necticut Ave..  Washington,  D.  C. 

December  9  at  11  a.m. — "Nitrogen  Fixation  and  Its  Relation  to  the  Pro- 
duction of  Food  and  Explosives,"  by  Prof.  A  H.  White.  University 
of  Michigan.  Ann  Arbor,  Mich. 

January  13  at  11  a.m.— "Chemistry  as  a  Key  to  International  Relations," 
by  Mr.  H.  E.  Howe,  Editor  of  The  Journal  of  Indusirial  and  Engineerini 
Chemistry.  810  Eighteenth  St..  Washington,  D.  C. 

January  27  at  11  a.m. — "Use  of  Chemical  Agents  in  Warfare,"  by  Major 
E.  J.  Atkisson,  Edgew^od  Arsenal,  Edgewood,  Md. 

February  17  at  11  am — "Helium,  Its  History,  Properties,  and  Use  in 
Aeronautics,"  by  Dr.  R.  B.  Moore,  Chief  Chemist,  Bureau  of  Mines, 
Washington,  D.  C. 

March  17  at  10.30  a.m. — "The  Chemical  Control  of  Gaseous  Detonation 
with  Particular  Reference  to  the  Internal  Combustion  Engine,"  by 
Mr.  Thomas  Midgley,  Jr.,  General  Motors  Research  Corporation, 
Dayton,  Ohio. 


Platinum  Theft 

During  the  past  summer  platinum  thieves  twice  \Tsited 
the  State  University  of  Iowa.  On  the  first  occasion  two  plati- 
num crucibles  with  their  covers  were  stolen  from  the  physical 
laboratorj-,  and  on  the  second  a  desk  in  the  anal>-tical  labora- 
tory was  broken  open  and  several  crucibles  and  their  covers 
taken.  A  further  unsuccessful  attempt  was  made  between 
November  4  and  6,  1922,  when  a  desk  was  forced  open  and  an 
effort  made  to  open  the  safe  in  the  storeroom.  The  university 
has  not  yet  succeeded  in  tracking  down  the  thieves. 
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The  Measurement  of  the  Plasticity  of  Clay  Slips'' 


By  Robert  E.  Wilson  and  F  P.  HaU 

Applied  Chemistry,  Massachusetts  Institute  of  Technouocy.  Cambkidgb,  Mass. 


The  paper  emphasizes  the  great  need  o/  a  quanlitalioe  measure 
of  the  physical  properties  commonly  included  in  the  term  "plasticity" 
of  clays  and  clay  slips.  Various  indirect  methods  preciously 
suggested  are  likely  to  lead  to  erroneous  conclusions,  while  measure- 
ment of  the  flow  or  apparent  viscosity  of  clay  slips  made  up  with  a 
constant  amount  of  water  is  shown  to  give  misleading  results. 

The  work  described  in  this  paper  is  preliminary  in  nature,  and 
has  been  confined  to  a  study  of  the  properties  of  clay-water  mixtures 
in  the  casting  rather  than  in  the  molding  range.  In  the  light  of 
these  results,  it  is  recommended  that,  instead  of  the  vague  term 
"plasticity,"  the  properties  of  a  given  clay,  at  least  for  casting  pur- 
poses, he  expressed  in  terms  of  (a)  the  water  content  required  to  give 
proper  worthing  consistency,  and  (i)  the  resistance  of  the  resulting 
slip  to  small  deforming  forces — such  as  gravity.  Specifically,  use  is 
made  of  a  modified  Bingham  plastomeler.  and  the  figures  reported 
are:  (a)  the  amount  of  water  required  to  give  a  slip  of  a  specified 
mobility,  and  (i)  the  yield  value  of  the  slip  thus  obtained. 

The  method  Is  shown  to  be  capable  of  giving  quantitative  figures 


for  the  yield  values  at  constant  mobility  which  correspond  well  with 
the  customary  qualitative  Ideas  as  to  the  plasticity  of  clays.  The 
amount  of  water  required  to  give  constant  mobility  tarles  to  a  sur- 
prising extent,  and  does  not  seem  to  bear  any  definite  relationship 
to  the  usual  classifications  of  more  and  less  plastic  clays.  It  prob- 
ably does  parallel  fairly  well  the  shrinkage  or  drying. 

Small  amounts  of  acid  or  alkali  are  shown  to  have  a  negligible 
effect  on  the  mobility  of  a  clay  slip  but  a  very  large  effect  on  the  yield 
value,  the  variations  being  greater  than  the  difference  between  a 
nonplastic  kool'"  ond  a  highly  plastic  ball  clay.  This  brings  out 
the  necessity,  and  indeed  the  potential  value,  of  carefully  controlling 
the  hydrogen-Ion  content  of  the  water  used  In  making  the  slips. 

Some  preliminary  data  are  given  on  the  effect  of  additions  of 
flint  and  similar  nonplastic  materials  to  clay  slips. 

It  is  recommended  that  an  attempt  be  made  to  agree  upon  standard 
dimensions  for  the  capillary  and  the  desirable  mobility  for  various 
purposes,  and  that  the  plastomeler  then  be  used  as  a  standard 
method  of  lest  in  the  ceramic  industry. 


FROM  a  practical  standpoint,  "plasticity"  is  one  of 
the  most  important  properties,  or  rather  combination 
of  properties,  possessed  by  any  clay.  DifTerent  clays 
are  known  to  vary  greatly  in  plasticity.  Furthermore,  in 
practical  clay  working  substances  are  frequently  added  for 
the  express  purpose  of  increasing  or  decreasing  the  plasticity 
of  the  final  mix. 

In  spite  of  these  facts,  however,  no  unit  of  plasticity  has 
ever  been  defined,  and  there  is  no  generally  accepted  method 
of  measuring  or  comparing  the  plasticity  of  difToront  claj's. 
To  be  sure,  many  indirect  methods  have  been  suggested  for 
its  quantitative  mea.surement — for  example,  the  amount  of 
adsorption  of  malachite  green,  the  adsorption  of  alkali  from 
various  salt  solutions,  the  strcngtli  of  clay  bodies  after  drjdng, 
the  amount  of  water  required  to  bring  the  clay  to  proper 
consistency,  etc.,  etc.  These  factors  are  undoubtedly  in 
some  way  related  to  plasticity,  being  common  results  of 
similar  causes,  the  main  factors  probably  being  the  fineness 
of  subdivision  of  the  ultimate  particles  and  their  affinity  for 
water.  It  is  nevertheless  true  that  in  many  cases  clays — 
e.  g.,  fuller's  earth — possess  high  adsorptive  power  for  dyes, 
etc.,  and  yet  low  plasticity.  Such  indirect  methods  of 
measuring  plasticity  have  therefore  nof  met  with  any  general 
acceptance,  and  experienced  clay  workers  stUl  place  ultimate 
reliance  on  empirical  tests,  although  even  such  individuals  do 
not  consistently  agree  with  one  another.' 

It  is  obvious  that  the  ultimate  solution  of  the  problem 
must  involve  a  measurement  of  the  physical  properties  of  a 
clay  sliji  with  a  water  content  apiiroximatcly  correct  for 
practical  use.  Some  efforts  have  been  made  in  this  direction 
by  determining  the  flow  of  a  clay  slip  through  an  orifice  or 
by  the  u.se  of  paddle  wheel  viscometers,  but  these  have  not 

'  Received  October  5.  1922.  Presented  before  the  Division  of  Physical 
and  Inorganic  Chemistry  at  the  New  York  Meeting  of  the  American 
Chemical  Society,  September  6  to  10,  1921. 

'  Publinhed  as  Contribution  No.  6.3  from  the  Research  Laboratory  of 
Applied  Chemistry,  Massachusetts  Institute  of  Technology. 

•  This  has  been  strikingly  confirmed  by  a  paper  by  Bole  which  appeared 
after  this  paper  had  been  written — see  J.  .Im.  Crr.  Soe.,  8  (1022),  469. 


given  satisfaction,  partly  because  of  the  difficulty  in  determin- 
ing just  how  much  water  should  be  added  before  making  the 
test,  and  partly  because  it  is  not  possible  to  measure  the 
true  viscosity  of  clay  slips,  as  is  evidenced  by  the  subsequent 
discussion. 

The  most  promising  possibility  for  making  the  desired 
me.asurement  is  the  use  of  a  device  such  as  the  plastoraeter, 
recently  developed  by  Prof.  E.  C.  Bingham,  and  well  de- 
scribed in  Scientific  Paper  278  of  the  Bureau  of  Standards. 
Professor  Bingham  has  shown  that  when  a  plastic  substance 
flows  through  a  capillary  of  constant  dimensions,  the  amount 
of  flow  is  not  directly  proportional  to  the  pressure  used,  as 
in  the  case  of  \'iscous  liquids,  but  departs  therefrom  by 
giving  abnormally  low  rates  of  flow  for  low  pressures  and  then 
increasing  more  rapidly  at  higher  pressures.  The  two  dif- 
ferent types  of  flow  curve  are  illustrated  very  clearly  in  Fig.  1, 
which  presents  re- 
sults for  a  very  vis- 
cous oil  and  for  a 
clay  shp,  in  the  cap- 
illary used  in  the 
work  described  in 
this  paper. 

It  is  Professor 
Bingham's  belief 
that  the  rounding 
off  in  the  curve  in 
the  lower  portion 
may  be  due  to  slip- 
page or  seepage, 
and  that  the  laws  of 
plastic  flow  may  for 
all  practical  pur- 
poses be  represented 
by  a  straight  line 
intersecting  the  ab- 
scissa axis  at  some 
point  to  the  right 
of  the  origin.    The 
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Fig.  2 — Modipiro  Bingham    Plastometgr 


distance  to  the  point  of  intersection,  in  proper  units,  is  de- 
fined as  the  yield  value,  and  the  slope  of  the  line  is  a  measure 
of  the  mobility  of  the  suspension.  It  is  not  the  purpose  of 
this  paper  to  discuss  the  rather  involved  points  with  regard 
to  the  cause  and  equation  for  the  lower  curved  portion  of  this 
line,  or  the  questions  that  have  arisen  as  to  the  degree  of 
dependence  of  the  results  on  the  size  of  the  capillary  used. 
Both  these  factors,  while  of  considerable  theoretical  interest, 
may  for  practical  purposes  be  eliminated  by  agreement  upon 
a  standard  capillary  and  by  working  with  proper  pressures, 
just  as  has  been  done  in  practical  viscometry  by  using  the 
Saybolt  instrument. 

Thus,  the  reason  for  the  difficulties  and  apparent  contra- 
dictions encountered  in  measuring  the  'Sdscosity"  of  clay 
slips  becomes  apparent.  The  calculation  of  viscosity  from 
a  single  flow-pressure  observation  tacitly  assumes  that  flow 
is  directly  proportional  to  pressure.  For  example,  in  the 
two  curves  in  Fig.  1  a  measurement  at  verj'  high  pressure 
would  indicate  that  the  clay  sMp  had  a  lower  viscosity  than 
the  oil,  while  measurements  at  pressures  of  100  or  200g.  /sq.  cm. 
would  indicate  that  the  clay  was  more  than  ten  times  as 
viscous  as  the  oil.  By  determining  the  complete  curves  and 
separating  the  apparent  ^^scosity  into  its  two  components, 
mobility  and  yield  value,  the  whole  matter  becomes  clear. 
An  attempt  along  somewhat  similar  lines  was  made  bj^ 
Bleininger  and  Ross,^  who  measured  the  flow  through  an 
orifice  of  various  clay  mixes  under  variable  pressure,  but  they 
drew  no  conclusions  as  to  the  significance  of  the  results,  or 
possible  Ways  of  measuring  or  expressing  the  two  separate 
factors  involved. 

Appab.^tus  ."Lnd  Manipulation' 

The  apparatus  used  was  a  modified  Bingham  plastometer, 
shown  diagrammaticaUy  in  Fig.  2.    It  consists  chiefly  of  a 

*  Trans.  Am.  Cer.  Soc,  16  (1914),  392. 


pressure  stabiHzer  for  maintaining  constant  pressure  of  .several 
different  magnitudes,  a  container  for  holding  the  material  to 
be  tested,  into  the  lower  end  of  which  is  fastened  a  capillary, 
and  a  manometer  for  measuring  the  pressure.  A  general 
description  of  the  apparatus  is  given  by  Bingham  in  Proceed- 
ings of  the  American  Society  for  Testing  Mcderials,  19  (1919), 
Part  II.  The  flowmeter  as  described  by  Bingham  and  Green 
was  not  used  in  these  measurements,  but  the  weight  of  the 
discharge  and  the  density  of  the  claj'  slip  were  used  to  deter- 
mine the  volume.  The  instrument  is  Umited  to  materials 
having  a  very  slow  "settling  time."  Furthermore,  for  very 
stiff  pastes  the  pressure  range  must  be  great  enough  to  p)ermit 
the  linear  portion  of  the  curve  to  be  determined. 

A  number  of  preliminary  trials  were  made  to  determine 
what  size  of  capillary  seemed  most  suitable  for  use  on  slips  in 
the  casting  range.  The  smaller  capillaries,  such  as  used  by 
Professor  Bingham,  were  not  found  satisfactory  in  working 
with  clay  slips,  especially  when  coarser  particles  were  ad- 
mixed. When  the  most  suitable  capillary  was  finally  selected, 
its  dimensions  were  carefully  determined — the  diameter  by 
fiUing  it  level  with  mercury  and  .weighing.  It  was  found  to 
have  the  following  dimensions:  length,  5.020  cm.;  diameter, 
1.3624  mm. 

The  capillary  was  later  measured  at  the  Bureau  of  Stand- 
ards with  a  high-power  micrometer  microscope,  which  gave  a 
figure  of  5.021  cm.  for  the  length  and  1.3636  mm.  for  the 
average  diameter.'  This  capillary  was  used  in  all  the  testa 
discussed  in  this  paper  except  where  otherwise  noted. 

Source  jwd  Treatment  of  Ciat  Samples 

The  clays  used  in  these  e.xperiments  were  selected  as 
representative  of  the  clays  used  in  the  ceramic  industry 


*  Calculated  from  majo 
80  (1912),  683. 


□d  minor  axes  of  tube,  cf.  Z.  physik.  Chem., 
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to-day.'  The  Georgia  kaolin  is  a  white-burning  clay,  free 
from  grit,  and  with  a  soapy  feel  due  to  the  presence  of  many 
muscovite  scales  of  microscopic  size.  The  North  Carolina 
clay  is  a  kaolin  of  residual  origin  which  is  used  extensivelj' 
for  the  manufacture  of  white  ware.    The  Tennessee  ball 
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clay  is  a  very  plastic  clay  of  sedimentary  character  and 
possesses  very  good  bonding-power.  The  English  ball  clay 
is  similar  to  the  Tennessee  ball  clay.  The  English  china 
clay  is  a  very  lean,  white-burning  kaolin.  Several  fire  clajrs 
were  tested,  but  their  history  was  not  known.  All  except 
the  ball  clays  were  subjected  to  a  washing  process  before  they 
were  used.  This  is  the  same  treatment  that  they  receive 
before  being  put  on  the  market. 

The  clays  were  prepared  for  use  by  grinding  until  the  entire 
mass  passed  the  65-mesh  sieve.  No  attempt  was  made  to 
separate  the  clay  into  different  fractions.  It  is  known  that 
very  fine  grinding  affects  the  plasticity,  so  it  was  thought 
best  to  use  a  large  capillary  in  the  plastometer  and  avoid 
grinding  the  clay  so  fine  that  its  character  would  be  changed. 

All  the  slips  were  made  by  adding  weighed  amounts  of 
distilled  water  to  a  sample  of  the  ground  clay  as  received, 
but  the  ratio  of  water  to  clay  was  calculated  to  a  bone-dry 
basis  by  making  determinations  of  total  water  content  up  to 
900°  C.  on  separate  small  samples  of  each  clay.  The  losses 
on  ignition  thus  determined  were  as  follows: 

Loss  on  Ignition 
CtAY  Per  cent 

English  china 14.20 

Georgia  kaolin 11.80 

Tennessee  ball 10.26 

Engliiih  ball 13.00 

North  Carolina 12.00 


Selection  of  Proper  Method  of  Comparing 
Plasticities 

Fig.  3  shows  the  results  obtained  with  a  Tennessee  ball 
clay  slip  in  which  the  proportion  of  water  was  varied.  It 
is  evident  that  as  the  amount  of  water  is  increased  there  is 
a  continual  tendency  to  increase  the  mobihty  and  decrease 
the  yield  point  of  the  suspension,  and  that  any  yield  point  or 
any  mobility  can  be  obtained  with  this  or  any  other  sample 
of  clay.  The  property  which  is  a  fundamental  characteristic 
of  the  clay  itself,  and  which  cannot  be  affected  by  changing 
the  water  content,  is  the  functional  relationship  between 
these  two. 

While  the  term  "plasticity"  is  often  loosely  used  to  include 
a  variety  of  properties,  such  as  lack  of  excessive  shrinkage  or 
cracking  on  drying,  a  "soapy"  feeling  in  the  slip,  as  well  as 
a  peculiar  combination  of  working  properties,  there  is  no 
question  but  that  the  most  important  physical  property  in 
specifying  the  use  of  a  "plastic"  clay  is  that  it  shall  maintain 
a  reasonably  high  yield  value  after  enough  water  has  been 
added  to  bring  its  mobility  to  a  point  suitable  for  working. 
A  clay  that  is  much  less  plastic  can  be  made  to  have  the  same 
yield  value  by  using  a  very  small  amount  of  water,  but  it 
would  then  be  too  stiff  to  work;  while  if  its  water  content 
were  increased  to  secure  the  necessary  mobility,  the  yield 
value  would  also  drop  off,  resulting  in  inability  to  hold  its- 
shape  after  casting. 

This  brings  to  the  fore  the  question  of  the  proper  basis  for 
measuring  and  comparing  the  plasticity  of  two  different  clays. 
One  suggestion  is  the  addition  of  a  definite  amount  of  water 
to  the  clay,  followed  by  a  determination  of  the  flow  curve. 
Fig.  4  shows  the  results  obtained  on  three  different  clays  with 
a  constant  ratio  of  water  to  clay  of  1.253.'  It  is  impossible, 
however,  from  an  inspection  of  such  results,  to  decide  which 
is  the  most  plastic  clay,  because  the  question  immediately 
arises — if  less  water  had  been  added  to  the  Tennessee  ball 
clay,  thus  moving  the  line  to  the  right,  how  would  its  slope 
compare  with  that  of  the  other  two? 

It  is  therefore  apparent  that  constant  water  content  tests, 
though  quite  frequently  employed  in  comparing  clays,  do 
not  afford  a  suitable  basis  for  comparison.  Instead,  the 
amount'  of  water  required  to  give  suitable  working  proper- 
ties to  the  clay  is  in  itself  an  important  property  of  the  clay, 
which  should  certainly  be  determined,  but  which  is  distinct 

'  All  the  figures  in  this  paper  are  plotted  in  terms  of  the  actual  flow 
(cc./sec.)  and  pressure  (g./sq.  cm.)  used  with  the  specified  capillary.  It 
would  be  desirable  to  express  these  in  terms  independent  of  the  particular 
capillary  employed,  but  in  view  of  the  previously  mentioned  uncertainty  as 
to  the  precise  validity  of  Bingham's  simple  equations,  this  has  not  been 
done.  However,  for  purposes  of  comparing  results  between  capillaries 
that  do  not  vary  widely  in  dimensions,  use  can  well  be  made  of  the  formula; 
(sec  Bingham,  "Fluidity  and  Plasticity,"  McGraw-Hill,  1921,  p.  233.) 
1 . 273  T 


R»(F-/) 

^  cs  mobility 
/  =  friction  or  yield  value 
V  =  volume  of  flow  in  cc./sec. 

[^  =  shearing    force    applied    at     the     wall    of    the     capillary 
dyncs/sq.  cm. 
980.6  RP 


where 


•  They  were  obtained  from  B.  F.  Drakenfcld  Co.  of  New  York  City 
as  representative  samples  of  commercial  clays. 


2L 

R  »  radius  of  the  capillary  in  cm. 

P  =  applied  pressure  in  g./sq.  cm. 

L  =  length  of  the  capillary  in  cm. 
The  calculated  yield  values  for  the  capillary  used  in  the  foregoing  work  in 
terms  of  shearing  force  in  dryness  per  sq.  cm.  may  therefore  be  obtained  by 
multiplying  the  graphically  determined  yield  values  given  in  this  paper  by 

980.6X0.08815 

"  6.65 

2  X  5.021 

and  the  mobilities  by  substituting  in  the  above  equat 

'  In  the  molding  range  this  quantity 
ceramists  as  the  "water  of  plasticity." 


sometimes  designated  by  the 
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from  plasticity.    It  is  probably  related  to  the  amount  of 
shrinkage  on  drying. 

The  question  next  arises  as  to  how  to  determine  when 
enough  water  has  been  added  to  give  the  resulting  slip-work- 
ing properties  suitable  for  a  given  purpose.  Several  clays 
of  quite  different  plasticities  were  made  up  to  possess  as 
nearly  as  possible  similar  working  properties,  and  from  this 
test — which  should  be  further  confirmed  by  investigators 
more  closely  famiUar  with  ceramic  practice — it  appears  that 
clays  of  constant  mobility  possess  substantially  identical 
working  properties.  The  correct  mobihty  value  naturally 
varies  with  the  purpose  for  which  the  clay  slip  is  used,  that 
selected  for  these  tests  being  considered  approximately 
correct  for  casting  purposes  before  "freeing  out"  with  alkali. 

Clays  should  therefore  be  compared  on  the  basis  of  (a) 
the  amount  of  water  required  to  give  a  specified  mobility, 
and  (6)  the  magnitude  of  the  yield  value  when  this  amount 
of  water  has  been  added,  this  value  presumably  being  higher 
the  more  "plastic"  the  clay.  The  testing  of  clays  by  this 
method  unfortunately  necessitates  working  by  trial  and  error, 
and  determining  two  points  on  the  flow  curve  for  each  change 
in  the  amount  of  water  added,  but  once  the  worker  is  fairly 
familiar  with  it  he  can  approximate  the  proper  mobility  quite 
closely  by  estimation. 

It  is,  of  course,  conceivable  that  by  stud3dng  a  large  number 
of  clays  to  which  different  amounts  of  water  had  been  added, 
a  definite  functional  relationship  between  mobility  and 
yield  value  would  be  found  to  hold  for  a  given  type  of  clay, 
regardless  of  the  water  content,  in  which  case  only  one  meas- 
urement would  have  to  be  made.  For  example,  it  has  been 
found  as  a  rough  approximation  that  for  two  samples  of  clay 
over  a  twofold  range  of  mobilities  the  yield  value  X  mobility'  ' 
=  a  constant,  but  tests  on  a  third  kind  of  clay  did  not  bear 
this  out. 

.    While  the  foregoing  method  of  defining  and  measuring  the 
more  important  physical  properties  included  under  the  vague 


term  "plasticity"  has  thus  far  been  applied  only  to  the  cast- 
ing range,  there  seems  to  be  no  fundamental  reason  why  it 
should  not  be  extended  to  the  molding  range,  although  the 
high  pressures  required  and  the  maintenance  of  steady  flow 
may  present  rather  serious  experimental  difficulties. 

It  should  be  noted  that  this  method  of  analyzing  "plas- 
ticity" into  its  more  important  components  crystallizes 
the  whole  problem  and  avoids  such  inconsistencies  as  the 
statement  of  some  ceramists  that  clay  passes  through  a  narrow 
region  of  "maximum  plasticity"  in  the  molding  range  as  the 
water  content  is  increased.  It  is  certainly  highly  improbable 
that  any  physical  property  really  passes  through  a  maximum 
with  increasing  water  content,  and  the  popular  conception  is 
again  beUeved  to  be  due  to  the  attempt  to  include  too  many 
properties  in  a  single  term.  In  other  words,  the  region  of 
"maximum  plasticity"  is  in  reaUty  simply  the  region  of  the 
most  desirable  working  properties  (for  molding)  between  the 
point  where  the  clay  is  too  stiff  on  account  of  insufficient  water 
and  too  sticky  or  fluid  from  too  much  water.' 

On  account  of  the  loose  use  of  the  term  "plasticity,"  which 
can  probably  never  be  eradicated,  the  writers  are  inclined 
to  recommend  that,  instead  of  considering  the  yield  value  at 
constant  mobility  as  a  direct  measure  of  "plasticity,"  the  term 
be  dropped  entirely  when  referring  to  the  physical  properties 
of  the  sUps.  If  water  content  and  yield  value  at  constant 
mobihty  should  not  be  found  to  compiise  all  the  important 
properties  now  included  under  "plasticity,"  an  additional 
quantitative  measurement  and  term  could  be  added,  but 
the  separate  properties  of  the  clay  should  be  accurately 
measured  and  uniquely  defined  rather  than  using  a  vague 
general  term  which  means  essentially  "good  working  proper- 

•  A  very  recent  paper  on  "The  Plasticity  of  Clays,"  by  J.  W.  Mellor 
(Communication  from  tlie  Clay  and  Pottery  Laboratory,  Stoke-on-Trent, 
No.  53),  has  thrown  interesting  light  on  this  question  from  a  somewhat 
different  point  of  view. 
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ties"  for  certain  purposes.  The  situation  is  analogous  to  the 
change  from  saying  that  an  oil  possesses  "good  lubricating 
characteristics"  to  specifying  precisely  its  flash  point,  cold 
test,  viscosity  at  different  temperatures,  etc. 


of  water  to  clay  required  to  give  the  desired  mobility  is  many 
times  as  high  as  for  any  of  the  standard  clays.  It  is  probable 
that  the  common  statements  with  regard  to  its  plasticity  are 
again  based  on  a  confusion  of  ideas  resulting  from  the  ten- 
dency to  make  plasticity  cover  too  wide  a  range  of  properties. 
It  is,  of  course,  possible  that  when  added  in  small  amounts 
the  remarkable  properties  of  the  Bentonite  might  make  a 
lean  slip  much  more  plastic,  by  coating  the  larger  particles 
or  filling  in  the  voids  to  give  a  closer  packing  effect  such  as 
that  sought  in  concrete. 

Effect  on  Yield  Value  and  Mobility  of 
Vaeiations  in  Acidity  and  Alic\linity 

Having  pointed  out  the  two  essential  physical  properties 
involved  in  plasticity,  it  is  interesting  to  study  the  various 
methods  used  to  modify  the  working  properties  of  clays, 
and  to  determine  just  how  they  influence  the  fundamental 
variables  of  yield  value  and  mobility. 

For  example,  it  has  long  been  recognized  that  the  acidity 
or  the  alkalinity  of  the  water  makes  a  marked  difference  in 
the  working  properties  of  the  clays.  Experiments  were 
therefore  carried  out  with  Tennessee  ball  clay  slips,  of  constant 
water  content  but  of  widely  varjing  hydro\-yl  or  hydrogen- 
ion  concentration,  obtained  by  adding  sodium  hydroxide  or 
hydrochloric  acid  to  the  water.  The  hydrogen-ion  contents 
are  calculated  from  the  amounts  added  to  the  water  and  not 
measured  in  the  clay  slips  themselves. 

The  results  shown  in  Fig.  6  bring  out  the  surprising  fact 
that  very  wide  variations  in  the  hydrogen-ion  concentration 
have  a  negligible  effect  on  the  mobility,  but  gradually  vary 
the  yield  value  from  50  in  aUcaUne  solutions  up  to  370  in  acid 
solutions.  The  function  of  alkaUes  in  "freeing  out"  the  clay, 
and  of  acids  in  "setting  up"  the  clay,  thus  becomes  quite 
apparent.  It  is  also  worthy  of  note  that  the  yield  value  of 
at  least  this  sample  of  clay  can  be  varied  by  moderate  addi- 
tions of  acids  or  alkali  to  cover  a  wider  range  than  the  whole 


Comparison  of  Yield  Values  and  Water 
Contents  at  Constant  Mobiuty 

For  the  reasons  previously  discussed,  the  water  content  of 
six  samples  of  clay  was  adjusted  to  give  a  constant  mobility 
suitable  for  casting,  and  the  yield  points  and  water  contents 
at  these  mobilities  were  compared.  The  results  are  shown 
graphically  in  Fig.  5. 

Neglecting  for  the  moment  the  sample  of  Bentonite,  it 
will  be  noted  that  the  order  in  which  the  clays  arrange  them- 
selves with  increasing  yield  value  is  as  follows:  EngUsh 
china  clay.  North  CaroUna  kaolin,  Georgia  kaoUn,  Tennessee 
ball  clay,  and  English  ball  clay.  This  corresponds  very  well 
with  the  customarj'  belief  as  to  the  relative  plasticity  of  these 
clays,  and  thereby  confirms  the  essential  validity  of  the  test. 
It  will  be  noted  that  the  ratio  of  wat«r  to  clay  required  to 
give  these  mobilities  is  quite  variable,  being  as  low  as  1.02 
for  the  Tennessee  ball  clay  and  as  high  as  1.67  for  the  North 
Carolina  kaolin.  Of  the  samples  tested,  the  kaolins  on  the 
average  required  more  water  than  the  ball  clays.  The 
futiUty  of  comparing  different  clays  at  constant  water  content 
is  obvious. 

One  vciy  interesting  sample  is  the  Bentonite,  a  peculiar 
soapy  clay  of  which  there  are  large  deposits  in  Wyoming.'" 
Although  the  Bentonite  is  customarily  spoken  of  as  being 
extremely  plastic,  it  will  be  noted  that  on  the  selected  basis 
of  comparison  its  yield  point  is  rather  low,  but  that  the  ratio 

>•  The  tests  on  the  Bentonite  were  made  later  by  Mr.  C.  E.  Ronneberg 
of  this  laboratory  with  a  capillary  dilTering  slightly  in  dimensions,  but 
the  results  were  corrected  to  make  them  comparable. 
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series  of  coinnif-rcial  clays  when  mixed  with  ehstillcfi  waUrr. 
The  neccs-sity,  and  indeed  the  potential  value,  of  controlling 
the  hydrogen-ion  concentration  of  clay  slips  therefore  he- 
comes  ol)vious. 

Fig.  7  .shows  graphically  liow  the  obHcrvcd  yield  value  and 
niobihty  vary  with  the  H-ion  concentration— the  sliarpeMt 
change  in  the  yield  value  is  obviously  between  a  calculated 
pH  of  8  and  10. 

Effects  of  Additions  of  Nonplastic  Materials 

Fig.  8  shows  the  effect  of  adding  varying  amounts  of  finely 
ground  sand  (Potters  flint)  to  the  clay  sHp,  keeping  constant, 
however,  t!ie  ratio  of  water  to  total  dry  sohds.  The  flint 
obviously  do(\s  not  hold  nearly  as  much  water  as  the  clay,  and 
the  effect  of  replacing  elay  with  flint  is  therefore  wimilar  \A^ 
that  of  adding  water  to  the  slip,  increasing  the  mobility  and 
decreasing  the  yield  values.  It  seems,  however,  in  comparing 
the  results  with  the  addition  of  water  alone,  that  the  effect 
of  the  flint  on  yield  value  is  less  than  that  on  the  mobility. 
Additional  tests  should  be  made  on  mixtures  of  ajastant 
mobility  and  constant  ratio  of  water  to  clay,  but  of  variable 
amount  of  flint.  \ 

The  foregoing  study  is  obviously  preliminary  in  nature, 
but  it  is  being  continued  by  the  junior  author  at  the  Bureau 
of  Standards,  a  thorough  investigation  of  the  whole  problem 
being  under  way. 
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Moving  Picture  Films 


In  line  with  the  effort  of  This  Journal  to  supply  its  readers 
with  information  in  regard  to  available  moving  picture  films  of 
industrial  and  educational   value,  the  following   Ust   has  been 
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compiled.     Data  in  regard  to  the  source  of  these  films  may  be 
obtained  from  the  editorial  office. 
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Purifying  Sodium  Hydrosulfite  :  A  Modification  of 
Jellinek's  Method" 

By  Walter  G.  Christiansen  and  Arthur  J.  Norton 
Department  op   PnARjiACOLOCY,   Harvard   Medical  School,   Boston,    Mass. 


AS  THE  toxicity  and 
sulfur  content  of 
arsphenamine  pre- 
pared by  reduction  of  3- 
n  i  t  r  o  -  4  -  hy  droxji^henyl-ar- 
sonic  acid  with  commercial 
sodium  hydrosulfite  can  be 
made  to  vary  between  wide 
limits,  depending  upon  the 
conditions  under  which  the 

nitro  group  is  reduced,'  and  as  commercial  hydrosulfite 
usually  is  of  80  to  87  per  cent  purity,  it  became  important  to 
determine  whether  the  hydrosulfite  itself  or  the  impurities 
present  in  commercial  samples  cause  the  variations  which 
are  obtainable.  For  this  purpose,  it  was  necessary  to  secure 
hydrosulfite  in  a  pure  form.  Jellinek''  developed  a  method 
of  purifying  commercial  hydrosulfite  which  gave,  in  a  50 
per  cent  yield,  material  analyzing  99.4  per  cent  Na2S20<; 
this  is  the  average  of  a  number  of  experiments.  While  using 
Jellinek's  method  it  has  been  found  possible  to  modify  his 
apparatus  and  procedure  in  many  ways  so  that  a  simpler 
and  more  rapid  process  has  been  evolved  by  which  pure 
sodium  hydrosulfite  may  be  obtained.  After  the  apparatus 
has  been  assembled,  it  is  possible  to  obtain  in  4'/2  hrs.  a 
42  pel  cent  yield  of  hydrosulfite  98.3  per  cent  pure  from 
commercial  material  of  approximately  85  per  cent  purity. 
In  outline,  the  procedure  is  to  saturate  an  aqueous  solution 
■of  hydrosulfite  with  sodium  chloride,  thereby  precipitating 
Na2Sj04.2H20,  which  must  be  dehydrated  and  dried  in 
order  to  be  stable;  all  the  manipulating  must  be  done  in 
vacuo  or  in  an  atmosphere  of  carbon  dioxide. 

Apparatus 

Carbon  dioxide  is  obtained  by  running  hydrochloric  acid 
(1:2)  from  an  elevated  bottle  through  an  intermediate  bottle, 
■which  serves  as  a  reservoir  for  CO2  dex'eloped  in  excess  of 
the  amount  leaving  the  generator,  onto  marble  contained  in 
a  liter  suction  flask;  this  flask,  M,  carries  a  siphon  to  re- 
move spent  acid.  The  gas  is  washed  twice  with  10  per  cent 
aqueous  sodium  bicarbonate  and  once  with  water.  At  this 
point,  a  shunt  containing  a  calcium  chloride  tube  is  inserted 
so  that  dry  carbon  dioxide  can  be  used  after  the  hydrosul- 
fite has  been  dried.  A  T-tube  with  one  arm  dipping  into  a 
tube  of  mercury  serves  as  a  safety  valve. 

A  is  a  600-cc.  bottle,  the  bottom  of  which  has  been  replaced 
by  a  piece  of  canvas  with  hardened  filter  paper  on  each  side; 
the  bottle  is  firmly  cemented  into  a  Biichner  funnel  with 
litharge  and  glycerol.  The  rubber  stopper  in  A  has  3  holes — 
one  for  a  tube  to  admit  carbon  dioxide,  another  for  a  tube 
containing  a  stopcock,  1,  and  leading  to  the  bottom  of  bottle 
B  (7.50  cc),  and  the  third  for  a  '/rin-  glass  tube  closed  by  a 
rubber  stopper;  all  three  tubes  extend  only  slightly  below 
the  stopper. 

'  Received  June  18.   1922. 

'  This  is  the  eighth  of  a  series  of  studies  on  the  properties  contributing 
to  the  toxicity  of  arsphenamine  being  made  under  a  grant  from  the  United 
States  Interdepartmental  Social  Hygiene  Doard  to  the  Harvard  Medical 
School.     The  work  is  under  the  general  direction  of  Dr.  Reid  Hunt. 

•  Christiansen,  J.  Am.  Ckem.  Soc,  4S  (1921),  2202;   44  (1922),  847. 

•  Z.  aiior(.  Chem.,  TO  (1911),  93. 


In  the  following  paper  an  apparatus  that  has  given  satisfactory 
results  in  purifying  sodium  hydrosulfite  is  described,  and  some 
changes  are  made  in  Jellinek  s  procedure.  One  of  the  features 
of  the  apparatus,  a  combined  filtering  and  stirring  device,  might 
be  useful  in  processes  other  than  this.  Stable  98.3  per  cent  pure 
hydrosulfite  is  obtained  in  42  per  cent  yields. 

The  ferricyanide  method  has  been  found  to  he  superior  to  either 
the  copper  or  silver  method  for  the  analysis  of  hydrosulfite. 


B  is  closed  with  a  rubber 
stopper  through  which  4 
glass  tubes  are  inserted. 
One  tube,  containing  a 
stopcock,  2,  connects  with 
the  bottom  of  the  Biichner 
funnel  and  extends  just  be- 
low the  stopper.  Another 
tube,  also  containing  a  stop- 
cock, 3,  and  dipping  just 
below  the  stopper,  is  connected  to  a  water  pump  which  has 
a  mercury  manometer  attached  to  it.  Of  the  two  remain- 
ing tubes,  both  of  which  pass  to  the  bottom  of  B,  one  is  the 
tube  mentioned  above  connecting  with  A;  the  other  ('A-in. 
inside  diameter)  is  joined  by  a  short  rubber  tube  and  pinch 
clamp,  4,  to  a  glass  tube  extending  just  below  the  stopper 
of  bottle  C  (1  liter). 

C,  resting  on  several  steam  bath  rings  in  a  2-liter  beaker, 
has  a  5-hole  rubber  stopper;  one  hole  is  in  the  center  and  the 
others  are  near  the  edge.  Through  one  of  the  outer  holes 
passes  the  tube  connecting  with  B.  Two  of  the  holes  are 
fitted  with  right-angle  tubes  extending  just  below  the  stopper; 
one  is  to  admit  carbon  dioxide,  the  other,  containing  a  3-way 
cock,  5,  leads  to  a  2-liter  suction  flask  and  thence  to  the 
water  pump.  The  remaining  outer  hole  has  a  short  '/rin. 
tube  closed  by  a  solid  rubber  stopper.  The  carbon  dioxide 
tubes  of  bottles  A  and  C  are  connected  to  a  3-way  cock,  6. 
Through  the  center  hole  of  C  there  is  a  short  heavy-walled 
piece  of  hard  rubber  tube  which  extends  a  little  below  the 
stopper  and  about  '/a  in.  above  it;  this  rubber  tube  serves 
as  a  sleeve  for  a  combined  filtering  and  stirring  device. 

The  filtering  and  stirring  device  is  constructed  by  sealing 
a  glass  funnel  to  a  long  piece  of  glass  tube  to  which  2  short 
closed  tubes  have  been  sealed  on  opposite  sides  about  2  in. 
above  the  conical  part  of  the  funnel.  To  the  ends  of  these 
tubes  are  attached  vertical  glass  rods,  the  lower  ends  of  which 
are  flattened  and  bent  so  as  to  act  as  scoops.  These  scoops 
are  level  with  the  lower  end  of  tlie  funnel  and  slightly  away 
from  it.  The  funnel  is  closed  with  a  Hirsch  plate  over  which 
a  piece  of  canvas  is  tightly  sewed.  A  small  hole  is  blown  in 
the  upper  part  of  the  long  glass  tube  and  then  the  upper 
end  of  this  tube  is  sealed  off.  This  device  is  passed  through 
the  hard  rubber  sleeve,  and  a  snugly  fitting  glass  T-tube, 
d,  is  slipped  onto  the  upper  end  of  the  glass  tube  and  firmly 
fixed  by  wiring  on  rubber  tubes  so  that  the  side  arm  is  oppo- 
site the  hole  in  the  long  glass  tube.  The  side  arm  is,  or  may 
be,  connected  to  the  remaining  arm  of  cock  5.  The  closed 
end  of  the  filter-stirrer  is  joined  by  a  rubber  stopper  to  a 
pulley  which  connects  with  a  motor.  Over  the  top  of  the 
hard  rubber  sleeve  is  a  tightly  fitting  rubber  tube  which 
fits  the  filter-stirrer  loosely  Jjut  which  can  be  made  tight  by 
wiring.  When  stirring  is  in  progress  tliis  rubber  tube  is 
allowed  to  be  loose  around  the  filter-stirrer  and  the  side  arm 
is  disconnected  at  e  from  the  3-way  cock  and  closed  by 
a  glass  plug.  At  all  other  times  the  rubber  tube  is  wired 
tiglitly  and  the  side  arm  is  connected  to  the  3-way  cock. 
Procedure 
All  solutions,  except  the  one  of  caustic  soda  and  absolute 
alcohol  which  are  used  in  the  dehydration  and  drying,  are 
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saturated  with  washed  carbon  dioxide,  and  all  pieces  of  rubber 
are  boiled  with  alkali  and  then  with  water  before  use.  After 
the  apparatus  is  assembled  and  made  perfectly  tight,  it  is 
evacuated  and  filled  several  times  with  carbon  dioxide;  165  g. 
of  finely  ground  C.  P.  sodium  chloride  are  introduced  into  C 
through  7,  and  C  is  again  evacuated  and  filled  with  carbon 
dioxide.  To  600  cc.  of  freshly  distilled  water,  cooled  in  an 
Erlenmeyer  flask  in  presence  of  carbon  dioxide,  150  g.  com- 
mercial hydrosulfite  are  added,  with  mechanical  stirring  to 
prevent  caking.  Several  grams  of  Superfiltchar,^  which  has 
been  kept  in  vacuo  over  caustic  soda  and  pjTogallol  for  sev- 
eral days,  are  added  to  adsorb  any  fine  material  which  might 
pass  through  the  filter.  With  all  the  stopcocks  closed  and 
with  carbon  dioxide  passing  into  A,  the  solution  is  quietly 
poured  into  A,  and,  after  opening  2  and  3,  is  filtered  into 
B.  A  perfectly  clear,  sparkling,  yellow  filtrate  is  obtained; 
the  apparatus  has  been  so  made  that  in  event  of  turbidity 
the  filtrate  can  be  blown  back  into  A  through  1  by  passing 
carbon  dioxide  through  C  into  B;  but  to  date  this  has 
never  been  necessary.  With  only  1  and  4  open  and  the  stirrer 
in  motion,  the  solution  is  forced  by  carbon  dioxide  from  B 
onto  the  salt  which  precipitates  Na2S204.2H20;  the  agitation 
is  continued  for  30  min. 

In  the  washing,  dehydrating,  and  drying  of  the  precipi- 
tate, Jellinek's  method'  is  adhered  to  with  a  few  changes 
in  technic.  As  a  result  of  the  construction  of  C  it  is  possible 
to  efficiently  agitate  during  the  salting  out,  washing,  and  de- 
hydration of  the  hydrosulfite  and  to  remove  the  liquor  by 
filtration  without  disturbing  the  apparatus.  The  material 
is  heated  during  dehydration  and  drying  by  filling  the  beaker 
with  warm  water  and  passing  in  steam  to  obtain  anj'  desired 
temperature.  The  first  washing  is  made  with  salt  solution 
just  under  satiuation  so  that  any  undissolved  salt  will  be  re- 
moved. The  wash  solutions  are  introduced  through  7, 
using  a  wash  bottle  the  tip  of  which  has  holes  on  the  sides 
instead  of  the  end  so  that  the  solution  can  be  blown  against 
the  walls  of  C,  thereby  washing  the  solid  down.  Formation 
of  a  coarse  product — JeUinek*  indicated  the  importance  of 

*  A  high  grade  of  decolorizing  carbon. 

•  Z.  anorg.  Chem..  70  (1911),  113. 


this  property  in  increasing  the  stabnity  of  the  material — 
is  favored  during  the  dehydration  by  %ngorous  agitation, 
rapid  heating  to  60°  C,  and  maintenance  of  this  temperature. 

It  has  been  found  advantageous  to  filter  to  a  slightly 
smaller  bulk  before  dehydrating  than  Jellinek  indicated,  so 
that  the  walls  of  C  can  be  rinsed  with  a  little  salt  solution 
at  the  beginning  and  near  the  end  of  the  dehydration.  After 
the  product  has  been  dried,  C  is  filled  with  dry  carbon  dioxide 
because  hydrosulfite  rapidly  undergoes  decomposition  in  the 
presence  of  moisture.  In  nine  consecutive  experiments  42 
per  cent  yields  of  coarse  white  stable  sodium  hydrosulfite 
averaging  98.3  per  cent  (97.7  to  98.9)  pure  have  been  ob- 
tained. 

In  some  preliminary  experiments  the  white,  hydrated 
soUd  underwent  extensive  decomposition  and  turned  black 
during  the  dehydration.  This  was  found  to  be  caused  by 
small  amounts  of  iron  in  the  supposedly  C.  P.  caustic  soda 
added  just  before  the  material  was  heated,  the  black  color 
resulting  from  ferrous  sulfide.  Subsequently,  the  alkali 
was  made  from  sodium  and  distilled  water.  Similar  de- 
compositions took  place  to  a  very  sUght  extent  when  some 
salt  containing  traces  of  iron  was  used.  At  another  time  an 
attempt  was  made  to  use  small  amounts  of  litharge-glycerol 
cement  in  modifying  C.  Although  only  a  minute  amount 
of  lead  was  exposed  to  the  vapors  in  C,  enough  of  it  was  re- 
moved to  cause  slight  darkening  of  the  hquor  during  dehydra- 
tion. E\-idently  great  care  must  be  e.\ercised  to  exclude 
hea\'y  metals. 

An.vlysis 

A  satisfactorj'  method  of  analysis  for  the  purified  product 
was  not  easily  secured;  the  copper  method'  gave  low  re- 
sults, and  the  silver  method'  gave  high  results.  By  adding 
the  solid  hydrosulfite  from  a  weighing  bottle  with  a  small 
spatula  to  a  stirred  solution  of  a  known  amount,  about 
1  g.  of  C.  P.  potassium  ferricyanide  in  50  cc.  water  containing 
a  little  nonacidified  ferrous  anunonium  sulfate  solution 
till  the  blue  color  disappears,  satisfactorj'  analyses  checking 


'  Helnig,  An 
•  Smith,  J.  . 


.  Dyesluff  Rep. 
m.  Chem.  Soc 


,  7  (1920),  12. 
,  43  (1921),  1307. 
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to  2  parts  per  1000  were  obtained.'    The  reaction  takes  place 
according  to  the  following  equation: 

2K4Fe(CN),  +  NasS,0,  +  2HjO  =  2K,NaFe(CN),  +  2H,S0, 

As  this  method  of  analysis  gives  results  that  are  a  few- 
tenths  of  a  per  cent  low,  the  products  obtained  in  this  work 
are  nearly  99  per  cent  pure.  A  number  of  purified  samples 
gave  positive  tests  for  small  amounts  of  chloride.  A  sample 
was  oxidized  in  alkaline  solution  with  C.  P.  sodium  peroxide, 
and  sulfate  equivalent  to  36 .  69  per  cent  sulfur  in  the  hydro- 
sulfite  was  found  as  against  a  calculated  value  of  36 .  78. 

In  determining  the  stabQity  of  the  product  a  fresh  sample 
analyzing  98.9  per  cent  pure  was  shaken  at  frequent  in- 


*  After  wc  bad  been  using  tbis  metbod  for  some  time,  \vc 
G.  Brubns,  J.  Chem.  Soc.  (London),  118A  (1920),  II,  395,  had 
lar  one. 


found  that 
ised  a  simi- 


tervals  in  a  bottle  with  an  excess  of  air  for  3  hrs.  and  was 
then  exposed  in  a  thin  layer  to  the  air  for  16  hrs.  The 
temperature  was  82°  to  87°  F.  and  the  humidity  was  fairly 
high  at  the  time  of  this  experiment.  Even  under  these  con- 
ditions the  purity  dropped  only  slightly  (1.3  per  cent). 
Another  sample  of  the  same  lot  was  ground  in  a  mortar  and 
then  subjected  to  the  foregoing  treatment;  in  this  case  the 
purity  dropped  19  per  cent.  These  figures  bring  out  the  re- 
lation between  the  coarseness  and  the  stability  of  the  material 
very  effectively. 
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Effect  of  Hydrogen-Ion  Concentration  upon  the  Analysis 
of  Vegetable  Tanning  Materials' 


By  John  Arthur  Wilson  and  Erwin  J.  Kern 

Laboratuhies  of  a.  F.  Oallun  &  Sons  Company,  Milwaukee,  Wis. 


American  Leather  Chem- 
ists Association  Method 
A  SERIES  of  solutions 
of  solid  quebracho 
extract  was  prepared 
according  to  the  official 
method  of  the  American 
Leather  Chemists  Asso- 
ciation,* except  for  the  ad- 
dition of  hydrochloric  acid 
or  sodium  hydroxide  to 
produce  approximately  the 
desired  pH  value  before 
making  each  solution  up 
to  the  required  volume. 
The  pH  values  were  finally 

determined  at  20°  C.  by  means  of  the  hydrogen  elec- 
trode, and  the  solutions  were  analyzed  according  to  the 
official  method.  The  results,  which  are  shown  in  Table  I 
and  Fig.  1,  were  calculated  on  the  basis  of  the  original  ex- 
tract, no  allowance  being  made  for  the  added  acid  or  alkali, 
80  that  the  percentages  recorded  for  nontannin  are  higher  than 
they  should  be,  but  this  was  done  so  as  to  record  the  more 
significant  values  for  tannin  and  insolubles  on  the  basis  of 
the  original  extract. 

In  order  to  show  the  effect  of  valency,  we  ran  a  second 
series  of  determinations,  like  the  first  except  for  the  fact 
that  sulfuric  acid  and  lime  were  used  to  alter  the  pH  values. 
The  results  of  these  are  shown  in  Table  II  and  Fig.  2. 

The  solution  receiving  no  addition  of  acid  or  alkali  had 
a  pH  value  of  4.60.  As  the  pll  value  was  lowered  from  this 
by  the  addition  of  either  sulfuric  or  hydrochloric  acid,  there 
was  an  increase  in  the  percentage  of  insoluble  matter  found 
and  a  corresixinding  decrease  in  percentage  of  tannin  found. 
Sulfuric  acid  proved  slightly  more  effective  than  hydrochloric 


At  a  meeting  of  the  Society  of  Leather  Trades'  Chemists  in  London , 
September  8,  1921,  an  international  commission  was  appointed, 
under  the  chairmanship  of  II.  R.  Procter,  to  consider  suggested 
reoisions  of  the  official  method  of  tannin  analysis.  Among  the  things 
which  the  commission  was  called  upon  to  investigate  Was  the  effect 
of  change  of  pH  value,  the  importance  of  which  had  previously  been 
pointed  out  by  Procter.'-  Later  Thompson,  Seshachalam,  and 
Hassan'  made  a  preliminary  study  of  the  effect  of  adding  acetic  and 
hydrochloric  acids  to  extracts  of  quebracho,  mimosa,  mangrove, 
gambler,  myrobalans,  chestnut  and  oak,  wood,  and  found  that  the 
addition  of  small  amounts  of  acid  affected  nearly  all  the  determi- 
nations made.  The  present  investigation  represents  an  attempt  to  deal 
with  the  subject  somewhat  more  systematically,  and  was  confined  to  a 
study   of  the  behavior  of  quebracho  extract  at  different  pH  values. 


in   increasing   the    percen- 
tage  of   insoluble   matter. 
With  increasing  pH  value, 
there  was  first  a  decrease  in 
the    amount    of  insoluble 
matter,  and  the  unfiltered 
solution  gradually  became 
more    nearly    transparent. 
In  the  case  of  NaOH  tliis 
continued  without  a  break, 
but     wth      Ca(OH)j     an 
abrupt  change  occurred  at 
the  neutral  point,  and  with 
further  rise  of    pH  value 
the  tannin  was  precipitated 
in  increasing   amounts. 
The  curve  for  insoluble  matter  in  Fig.  2  furnishes  an  inter- 
esting proof  of  the  accurac.v  of  Procter's  limewater  meth- 
od* for  determining  the  percentage  of  acid  in  tan  liquors. 
Since  tanning  extracts  often  undergo  fermentation  during 
shipment,  or  upon  storing,  with  a  corresponding  increase  in 
hydrogen-ion  concentration,  it  is  not  surprising  that  analysts 
sampling  a  shipment  at  different  times  fail  to  obtain  con- 
cordant results  by  the  A.  L.  C.  A.  method.    Since  the  chief 
aim  of  tliis  method  is  the  ability  of  different  analysts  to  get 
concordant  results,   the  method   would  serve  its  purpose 


'  Presented  before  the  Division  of  Leather  Chemistry  at  the 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  Septc 
4  to  8,  1022. 

•  J.  Soc.  Ualher  Tradts'  Chtm.,  6  (1921),  219. 

>nid.,  5  (1921),  389. 

•/.  Am.  Ltather  Chtm.  .\ssoc.,  1(  (1921),  113. 
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Insoluble 

Nontannin 

Tannin 

Value 

Per  cent 

Per  cent 

Per  cent 

1.86 

14.72 

6.70 

61.63 

2.59 

12.76 

6.63 

63.24 

S.fiO 

10.71 

6.58 

65.09 

3.8.5 

10.06 

6.62 

65.70 

4.fi0 

8.80 

6.62 

66.95 

f    .'i.fiO 

6.67 

6.92 

69.96 

.I.SS 

4.15 

7.  .55 

71.06 

1     R.'ifi 

3.65 

8.00 

71.63 

1    7.29 

3.52 

8.21 

72.15 

1    7.34 

3.60 

8.13 

72.07 

1    7.97 

2.. 55 

8.78 

72.65 

1    8.07 

2.70 

8.58 

72.60 

8.89 

1.68 

17.70 

67.80 

9.41 

0.98 

32.42 

58.63 

111.35 

0.35 

70.55 

30.36 
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more  efficiently  by  requiring  tlmt  the  analysis  be  made  on 
a  solution  of  definite  pH  value. 

Rate   of  Filtration 

Thompson  and  his  coworkers  found  that  the  rate  of  filtra- 
tion of  tan  liciuors  was  increased  by  the  addition  of  acid. 
While  fUtering,  for  the  determination  of  insoluble  matter, 
the  various  solutions  mentioned  in  this  paper,  we  kept  a 
record  of  the  time  required  to  collect  100  cc.  of  filtrate,  after 
the  paper  had  been  tainiod  for  exactly  1  hr.  In  order  to  show 
the  change  as  accurately  as  possible,  we  selected  filter  paper 
of  uniform  thickness  and  repeated  each  measurement  several 


•*". 

Fig.  1  Fig.  2  Fig.  3 

Fig.   1 — Showing   How  the  Addition  op  Hydrochloric  Acid  or  Sodium 

Hydroxide  Apphcts  the  Analysis  op  Qdebracho  Extract 
Fig.  2 — Showing   How  the  Addition  op  Solpdbic    Acid  or    Calcium 

Hydroxide  Apfects  the  Analysis  of  Quebracho  Extract 
Fig.  3 — Showing  How  the  Rate  of  Filtration  op  a  Solution  op  Que- 
bracho Extract  Is  Altered  by  the  Addition  op  Acids  and  Alkalies 

times.  The  resulting  values  are  plotted  in  Fig.  3.  It  will 
be  of  general  interest  to  note  that  the  untreated  liquor  was 
one  of  the  most  difficult  to  filter. 

The  differences  in  rate  of  filtration  may  be  ascribed  largely 
to  differences  in  the  degree  of  dispersion  of  some  of  the  solid 
matter,  which  we  followed  by  means  of  the  TyndaU  cone. 
A  very  fine  or  verj'  coarse  dispersion  filtered  much  more 
quickly  than  one  of  intermediate  degree.  The  effect  was 
very  marked  in  the  solutions  to  which  lime  was  added.  With 
the  first  appearance  of  turbidity,  after  a  pH  value  of  7  was 
passed,  there  was  a  tremendous  increase  in  time  required 
to  filter  100  cc,  but  as  the  precipitate  grew  coarser  the  liquor 
filtered  much  more  quickly. 

Wilson-Kern  Method 

In  earlier  papers'  the  authors  have  shown  that  the  A.  L.  C.  A. 
method  gives  values  for  tannin  that  are  much  too  high,  be- 
cause of  the  inclusion  of  a  variable  fraction  of  nontannin 
that  can  easily  be  separated  from  the  hide  powder  by  wash- 
ing. They  proposed  a  new  method  for  determining  the  true 
tanning  value  of  tanning  materials  that  is  receiving  some 
attention  from  the  present  international  commission.  In 
studying  the  effect  of  change  of  pH  value  upon  this  method, 
■we  prepared  a  series  of  liquors  from  the  sample  of  solid  que- 
bracho extract  as  described  in  the  paper,  "The  Determina- 
tion of  Tannin,"'  except  for  the  addition  of  HCl  or  NaOH 
to  give  the  desired  pH  values.  The  results  of  a  series  of 
•determinations  are  given  in  Table  III,  and  the  values  for 
tannin  are  plotted  in  Fig.  1  for  comparison  with  those  ob- 
tained by  the  A.  L.  C.  A.  method. 

A  practically  constant  value  for  tannin  is  obtained  over 
the  wide  range  of  pH  values  3.6  to  7.3.  Where  the  falling 
off  in  percentage  of  tannin  occurs  at  pH  values  higher  than 

•  This  Journal,  12  (1920),  465,  1149;  13  (1921),  772. 
'  Ibid..  13  (1921),  772. 
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Nontannin 
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17    10 

7.97 

«1    Al 

H,SO, 
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13  23 
11    AS 

7  28 
B  95 

A2  «9 
54   .'iO 

9.«3 

0  60 

60  32 

4.eo 

8.80 

6.62 

60.95 

J5.77 

6.63 

70.15 

e.63 

3  42 

6.13 

73.02 

3  08 

A. 80 

72.95 

2.70 

7.03 

72  90 

7.H8 

1 1 .  tl.'i 

9.58 

62.15 

7.90 

11.93 

8.4.'i 

63.10 

34.50 

13  92 

4U.2M 

52.75 

17.17 

25  Al 

10.  ss 

63.84 

19.98 

19.65 

7,  the  results  should  not  be  considered  as  found  by  this 
method,  because  in  each  case  the  residual  solution  gave  a 
test  for  tannin,  by  the  gelatin-sjilt  test,  whereas  the  method 
specifies  that  the  determination  is  to  be  discarded  whenever 
such  a  test  is  obtained.  Apparently  the  hide-tannin  com- 
pound is  unstable,  or  possibly  does  not  form  at  all,  at  pH 
values  higher  than  8.  The  fact  that  some  combination  seemed 
to  take  place  at  higher  pll  values  may  be  apparent  only, 
because  the  powders,  wet  with  litiuor,  were  washed  with 
distilled  water  haWng  a  pH  value  of  about  5.8.  The  sta- 
bility of  the  hide-tannin  compound  at  different  pH  values  is 
being  studied  as  a  separate  work. 

The  falling  off  in  percentage  of  tannin  found  at  pH  values 
below  3  may  be  the  result  of  the  great  swelling  of  the  hide 
powder  in  liquors  of  low  pH  value.  A  complete  investi- 
gation of  this  point  has  not  yet  been  made. 
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J  2.59 
2.95 

I  3.60 
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f  4.60 
5.03 
6.52 
7.31 
8.04 

1    8.18 

I  8.91 
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[ll.lO 


Final 
2.57 
4.20 
4.62 
5.05 
5.35 
5.57 
5.70 
6.50 
7.00 


Gelatin- 
Salt  Test 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 


35.50 
37.73 
44.35 
44.96 
44.83 
44.87 
44.68 
44.65 
31.87 
29.30 
15.55 
10.88 
7.93 


'  Hide  powder  could  not  be  washed. 

'  Hydrogen  electrode  became  poisoned  very  quickly. 


The  pH  values  of  the  liquors  were  determined  both  before 
and  after  the  6-hr.  shaking  with  hide  powder.  The  curve 
representing  tannin  is  plotted  against  the  initial  pH  value 
of  the  solutions  because  not  all  the  final  pH  values  could  be 
determined.  When  alkaU  is  added  to  a  tan  liquor  so  as  to 
produce  a  pH  value  of  about  9,  there  is  no  difficulty  in  measur- 
ing the  pH  value  immediately  after  the  addition,  but  after 
a  few  hours  the  determination  can  no  longer  be  made  be- 
cause the  liquor  then  poisons  the  hydrogen  electrode.  This 
change  in  tan  liquors  occurring  at  a  pH  value  of  about  9 
has  been  noted  before.* 

Conclusion 

The  percentage  of  tannin  in  quebracho  extract  indicated 
by  the  A.  L.  C.  A.  method  increases  with  pH  value  to  a  maxi- 
mum at  8,  and  then  decreases  rapidly  toward  zero.  On 
the  other  hand,  pH  value  appears  to  have  no  effect  upon  the 
determination  of  tannin  by  the  Wilson-Kern  method  over 
the  range  3.6  to  7.3,  but  the  rate  of  tanning  of  hide  powder 
decreases  rapidly  with  increasing  pH  value  above  7. 

The  rate  of  filtration  of  tan  liquors  is  markedly  affected 
by  change  of  pH  value,  which  may  be  attributed  to  chang- 
ing degrees  of  dispersion  of  some  of  the  soUd  matter. 

The  addition  of  lime  to  tan  liquors  causes  a  precipitation 
of  tannin,  but  only  at  pH  values  above  7.2. 

•  Tms  JOUR.NAL,  IS  (1921).  1025. 
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The  Drainage  Error  in  Measurements  of  Viscosity  by  the 
Capillary  Tube  Method' 


By  Eugene  C.  Bingham  and  Henry  L.  Young 


College,  Easton.  Pa 


IF  THE  viscometer  alreadj'  described^  is  used  for  very 
viscous  materials,  there  are  certain  corrections  to  be 
considered  which  are  ordinarily  not  necessary,  presiuning 
that  a  reasonable  precision  is  desired  of,  say,  0.2  per  cent. 
A  drainage  correction  arises  from  the  fact  that  the  volume 
of  flow  is  assumed  to  be  the  volume  of  a  certain  double  cone- 
shaped  bulb  whicli  has  been  calibrated  by  means  of  some 
known  liquid.  If  the  unknown  liquid  does  not  drain  as 
well  as  the  calibrated  liquid,  the  volume  of  flow  will  be  too 
small,  and  vice  versa. 

The  drainage  error  may,  of  course,  be  decreased  to  any 
e.xtent  that  is  desired  by  simply  increasing  the  time  of  flow, 
but  it  is  wasteful  to  have  the  time  of  flow  for  a  single  determi- 
nation consume  several  hours  if  an  equally  good  determina- 
tion can  be  made  in  a  few  minutes  by  using  a  more  suitable 
apparatus  or  previously  determined  correction  terms.  Hap- 
pily, both  of  these  alternatives  are  open  to  us.  By  using 
the  plastometer,  no  drainage  correction  is  necessary,  and 
with  the  viscometer  simple  corrections  may  be  made. 
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In  our  experiment,  we  have  used  double  cone-shaperl 
bulbs  having  the  following  volumes  determined  by  means  of 
mercury— 2.50,  3.68,  8.80,  11.46,  and  24.42  ml.  Liquids  of 
known  viscosity  were  driven  under  known  head  through  a 
capillary  attached  to  the  lower  end  of  the  bulb.  The  volume 
of  the  bulb  being  known  and  the  volume  of  efHux  found 
by  direct  weighing,  the  drainage  error  was  determined  by 
difference.  As  an  example  we  give  the  values  obtained  for 
the  24.42  ml.  bulb  in  Table  I  and  Fig.  1.  In  the  figure  the 
drainage  error  is  plotted  against  the  rate  of  efflux,  which  is 
taken  as  proportional  to  the  reciprocal  of  the  time  in  minutes 
(1//).  It  is  seen  that  in  order  to  determine  the  viscosity  of 
castor  oil  at  20°  witii  an  accuracy  of  0.2  per  cent,  it  is  neces- 
sary to  make  the  time  of  flow  about  2  hrs.  unless  a  correc- 
tion is  made  for  drainage  error. 

'  Presented  before  the  Division  of  Physical  and  Inorganic  Chemistry 
■t  the  63rd  Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala., 
April  3  to  7.  1922. 

"  Bingham,  "Fluidity  and  Plasticity,"  IMS,  p.  76. 


Experiments  were  made  to  determine  how,  with  a  given 
time  of  efflux  (15  min.),  the  drainage  error  varied  with  the 
\'iscosity  of  the  liquid  used.  Our  experiments  indicate 
that  the  drainage  error  may  be  taken  as  a  linear  function 
of  the  viscosity.  Castor  oil,  lard  oil,  linseed  oil,  and  certain 
mineral  oil  mixtures  were  used. 

Tablb  I — Drainage  Error  for  a  Bulb  Having  a  Capacity  of 24.42  Ml., 

Using  Castor  Oil  at  20° 

Time  in  Min.              Average  Rate  of  Efflux  Drainage  Error 

'                                                1/1  Per  cent 

7.80                                     0.128  1.40 

7.84  1.46 

9.79  0.102  1.27 

9.80  1.36 

13.08  0.0765  1.20 

13.08  1.16 

18.41  0.0544  0.91 

18.38  0.97 

27.63  0.0363  0.80 

27.46  0.74 

48.16  0.0209  0.61 

47.88  0.56 

As  a  result,  we  have  prepared  Table  II  to  show  the  drain- 
age corrections  for  liquids  of  different  viscosities  and  for 
different  times  of  efflux.  In  using  the  table,  suppose  that  a 
liquid  of  approximately  750  centipoises  was  determined  in 
a  time  of  efflux  of  30  min.  By  interpolation  of  the  table, 
the  error  due  to  faulty  drainage  is  found  to  be  0.5  per  cent. 
In  the  formula  for  viscosity,'  the  volume  of  efflux  is  0.5 
per  cent  less  than  tlie  actual  capacity  of  the  bulb;  hence  we 
obtain  the  final  simple  formula,*    t?  =  1  005  C  p  t  —  C  p/t. 

If  the  material  used  is  not  a  true  fluid  but  partakes  of  the 
character  of  a  plastic  solid,  it  is  evident  that  this  table  of 
corrections  will  not  apply.  Furthermore,  a  source  of  diffi- 
culty arises  in  that  some  liquids  do  not  wet  the  walls  of  the 
bulb  uniformly,  so  that  the  drainage  is  uneven. 

Table  II — Drainage  Corrections  for  Different  Viscosities  and 
Times  of  Efflux  in  Per  cent 

. Efflux ■ 

10         15         30         45         60        100       150 

Viscosity  in  Cp.     Min.    Min.     Min.    Min.    Min.     Min.     Min. 

1000  1.2       1.0       0.7       0.5       0.4      0.3       0.2 

SOO  0.6      0.5       0.3       0.2      0.2      0.1       0.1 

100  0.1       0.1       0.1       0.1       0.0       0.0       0.0 

1  0.0       0.0      0.0      0.0       0.0       0.0      0.0 

Leaving  the  question  of  the  drainage  error,  the  question 
may  arise  as  to  whether  the  heat  developed  within  the  cap- 
illary, due  to  the  work  done  in  o\'ercoming  viscous  resis- 
tance, is  sufficient  to  make  an  additional  correction  desirable. 

Take  as  an  example  one  of  our  experiments  with  castor 
oil  at  20°,  using  a  pressure  of  214  g.  per  sq.  cm.  and  a  volume 
of  efflux  of  7  ml.  The  work  done  amounts  to  1,470,000 
ergs,  which  is  equivalent  to  0.035  eal.  .iVssuming  a  specific 
heat  of  0.48,  the  elevation  of  the  temperature  of  the  oil  on 
leaving  the  capillary  should  have  been  0.01°,  provided  that 
no  heat  had  been  conducted  out  through  the  material  of 
the  capillary.  This  would  affect  the  viscosity  of  the  castor 
oil  by  only  0.08  per  cent,  which  we  must  regard  as  negligi- 
ble at  present. 

In  plastic  flow  much  higher  amounts  of  energy  are  absorbed, 
but  the  accuracy  at  present  is  not  better  than  0.5  per  cent. 
It  will  evidently  be  practical)le  to  make  a  correction  for  the 
heat  developed  as  the  necessity  arises. 

'  Bingham,  "Fluidity  and  Plasticity,"  1M»,  p.  23. 
«  Ibid.,  p.  74. 
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The  Determination  of  Gums  in  Su^ar  Produets' 

By  H.  T.  Ruff  and  James  R.  Withrow 

LaBOKATURV  op  iNDlSTHlAt  ClIKMlSTKY,  OlIlO  StaTK  I'NIVKHSITy,  CoI.UMUtlB.  Ohio 


Sugar  boilers  and  others  responsible  for  the  production  of  re- 
fined from  raw  sugar  recognize  that  different  yields  and  rates  of 
crystallization  may  be  obtained  from  tivo  raw  sugars  of  similar 
sucrose,  inoert  sugar  and  ash  content,  that  have  had  the  same 
treatment.  It  is  generally  conceded  that  this  difference  is  due  to  the 
gums.  The  gums  are  presumed  to  be  the  strongest  molasses  formers 
among  the  organic  nonsugars.  This  situation  is  also  encountered 
in  the  manufacture  of  raw  sugar  from  the  cane. 

The  problem  with  which  this  worl^  is  concerned  is  the  selection 
of  a  method  for  determining  these  gums  that  could  be  used  for  con- 
trol work  or  to  classify  sugar  products  further  than  the  usual 
sugar  and  ash  determinations.     Our  worl^  indicates: 


I — Of  the  various  methods  proposed  for  gum  determination, 
the  precipitation  by  ethyl  alcohol  with  hydrochloric  acid  acidifi- 
cation was  found  to  be  the  most  suitable  for  a  rapid  method  adapted 
to  control  worl^. 

2  —  The  concentration  of  hydrochloric  acid  can  be  oar  led  within 
rather  wide  limits  without  materially  affecting  the  results,  but  the 
concentration  of  the  alcohol  must  be  l^ept  within  close  limits. 

i — With  suitable  precautions,  denatured  or  methyl  alcohol  can  be 
substituted  for  the  ethyl  alcohol. 

4 — The  technic  of  the  method  can  be  simplified,  so  that  its  use 
Is  not  prohibilioe  for  control  work- 


THE  METHODS  for  determining  gum  in  sugar  prod- 
ucts may  be  classified  into  four  groups,  according 
to  the  precipitant  used: 
1 — Hydrocliloric  acid-ethyl  alcohol  methods. - 
2 — Calcium  chloride-ethyl  alcohol  methods.' 
3 — Ferric  chloride  followed  by  repreeipitation  with  alcohol.* 
4 — Lead  acetate  in  alcohol  methods.^ 
In  addition  to  these  there  are  methods  involving  dialysis, 
but  they  could  not  be  considered  as  control  methods. 

We  checked  representative  methods  from  each  group, 
using  black  strap  molasses  for  the  tests.  Both  ethyl  and 
methyl  alcohol  were  used.  The  following  average  results 
were  obtained : 

Methyi,  Ethyl 

Alcohol  Alcohol 

Per  cent  Per  cent 

HCl-AIcohoI  (Weichmann) 2.27  2.53 

CaCIi-Alcohol   (Bellier) 7.38  S.74 

FetCl.-fAuguet)    0.68  1.00 

Pb (C!Hi02)2- Alcohol  (Chauvin) 15.9  19.1 

In  the  literature  the  HCl-alcohol  method  is  generally 
conceded  to  give  the  most  reliable  results.  Some  of  the  meth- 
ods are  proposed  only  on  a  basis  of  their  results  on  solutions 
of  gums  in  water  or  pure  sugar  solution.  This  may  help  to 
account  for  the  large  variation  that  we  have  found. 

For  our  purpose  the  CaClj-alcohol  method  is  objectionable 
because  the  precipitation  requires  24  hrs.  The  filtration  and 
washing  require  more  time  than  the  HCl-alcohol  method. 
This  is  the  only  case  in  which  the  methj'l  alcohol  gives  higher 
results  than  the  ethyl.    Possibly  CaCl2.(CH30H)x  is  formed. 

Auguet's  FcjCle  method  from  a  manipulative  ^^ewpoint  is 
the  most  unsatisfactory  of  the  four.  It  has  these  disadvan- 
tages: two  precipitations  and  filtrations  are  involved. 
The  first  filtration  requires  longer  than  an  entne  HCl-alco- 
hol gum  determination.  The  gums  from  the  FejCU  precipi- 
tation dissolve  with  difScultj'  in  hot  water,  and  this  requires 
a  comparatively  large  amount  of  water,  which  requires  as 

*  Presented  before  the  Division  of  Sugar  Chemistry  at  the  63rd  Meet- 
ing of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7,1922. 

'  L.  B.  Langguth,  Steuerwald,  and  T.  Van  der  Linden,  Arch.  Suiktrind  , 
S2  (1914),  1033  [C.  A.,  8  (1914),  3511);  J.  J.  Hazewinkel.  Ibid.,  18  (1910), 
746  [C.  A.,  B  (1911),  1S501:  Ibid.,  19  (1911),  313  (C.  A..  B  (1911),  2441; 
Weichmann,  "Sugar  Analysis."  3rd  ed.,  p.  134,  John  Wiley  &  Sons,  Inc., 
N.  Y.;    Noel  Deerr,  "Cane  Sugar,"  1911,  p.  4S2. 

>  BeUier,  ^n»../ois.,  3  (1910),  528  \C.  A.,  6  (1911),  928). 

<  A.  Auguet,  Ibid.,  2  (1909),  136  [Chem.  Zentr..  11  (1909).  1011). 

»  A.  C.  Chauvin,  Mon.  sci.,  [5]  1  (1911),  1,  317  [C.  -4,.  B  (1911).  33531; 
Ann.fals.,  S  (1912),  27  [C.  A.,  6  (1911),  10741.  X.  Rocques  and  G.  SeUier, 
Ann.  chem.  anal.,  16  (1911).  218  [C.  A.,  6  (1911),  36351. 


much  as  three  times  the  alcohol  used  in  an  HCl-alcohol 
precipitation.  Compared  with  the  other  methods,  tliis 
method  gives  abnormally  low  results. 

The  Pb(C2Hi02)2-aleohol  method  has  the  very  obvious 
disadvartage  that  it  precipitates  many  other  organic  non- 
sugars  in  addition  to  the  alcohol-insoluble  gums,  when  ap- 
plied to  a  product  like  black  strap.  Tliis  method  involves 
a  lead  correction  and  washing  with  alcohol  and  ether.  It  is 
slower  than  the  HCl-alcohol  method. 

Requirements  op  a  Method  for  Gum  Deter.mi .nation 
FOR  Control  Work 

1 — For  control  work  a  gum  determination  should  be  easily 
made  and  should  be  as  rapid  as  possible. 

2 — The  precipitate  obtained  in  the  case  of  a  product  which 
has  been  defecated  probably  does  not  represent  entirely  the  true 
cane  gum  present  in  the  cane.  This  precipitate  is  thus  a  more 
or  less  indirect  measure  of  the  gum  or  substances  that  retard 
crystallization,  and  only  comparative  results  are  obtained. 
In  view  of  this  inability  to  obtain  absolute  results,  almost  any 
method  that  will  give  consistent  comparative  results  and  is 
adapted  to  rapid  and  convenient  manipulation  is  justifiable. 

3 — It  is  our  opinion  that  no  method  should  be  used  that  throws 
out  large  amounts  of  organic  nonsugars  other  than  gums.  Since 
the  pure  cane  gum  cannot  be  isolated  by  any  simple  procedure, 
the  alcohol  concentration  should  be  such  that  dextrin  will  be 
precipitated.     Dextrin  is  also  a  gum  and  retards  crystallization. 

The  most  suitable  method  for  control  work  has  been  shown 
to  be  the  HCl-alcohol  method.  This  was  studied  for  the 
purpose  of  obtaining  such  alcohol  and  acid  concentrations 
that  slight  changes  in  the  concentration  would  have  little 
effect  on  the  gum  precipitate. 

Ethj'l  alcohol  is  frequently  hard  to  procure,  and  for  this 
reason  substitutes  like  methyl  and  denatured  alcohol  are 
desirable.  Throughout  this  work  we  have  compared  these 
with  ethyl  alcohol. 

Effect  of  Sodium  Benzoate  as  Preservative 

Five  g.  of  sodium  benzoate  were  added  to  the  stock  simp,' 
using  10-cc.  sirup  samples.  Analysis  before  and  after  addi- 
tion of  the  presen-ative  showed  the  following  average  results: 


There  is  a  slight  increase  in  the  gum  content  after  adding 
the  sodium  benzoate,  but  this  may  be  an  analytical  variation. 

•  Used  in  all  following  determinations  except  as  expressly  noted  other- 
wise. 1000  g.  96°  raw  sugar  (gums,  0.14  per  cent)  and  200  g.  black  strap 
molasses  (gums  2.53  per  cent),  with  water  to  2000  cc.  This  makes  a  simp 
of  47  to  48  per  cent  solids. 
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The  sirup  can  be  thus  kept  4  wks.  at  ordinary  temperatures 
before  any  evidences  of  fermentation  appear.  Even  when 
bubbles  appear  there  is  no  perceptible  change  in  the  gum 
content. 

Effect  of  HCl  Concentration  on  the  Gum  Precipitate 

The  alcohol  concentration  was  kept  constant  in  these 
tests  while  the  acid  concentration  was  varied.  Ten  cc.  stock 
sirup  were  taken  and  varying  amounts  of  acid  added,  but 
water  was  added  with  the  acid  to  make  the  total  added  vol- 
ume 2.5  cc.  Then  50  cc.  of  alcohol  (94.5  per  cent  by  volume 
for  the  ethyl  and  92.7  per  cent  by  weight  for  the  methyl  alco- 
hol) were  added,  and  after  30  min.  the  precipitate  was  filtered 
in  alundum  crucibles,  dried  1  hr.  at  100°  C,  weighed,  ashed, 
and  reweighed.  The  gum  column  in  the  table  represents 
the  net  gum  content  after  deducting  the  ash. 


HCI 

Ethyl  Alcohol 

Gums          Ash  i 

n  Gums  Pptd. 

Methyl 
HCl 

Alcohol 
Gums 

G. 

G. 

G. 

G. 

G. 

0.00 

0.1022 

0.0472 

0.00 

0.0987 

0.02 

0.0794 

0.0349 

0.02 

0.0809 

0.05 

0.0364 

0.0220 

0.05 

0.0386 

0.10 

0.0292 

0.0213 

0.10 

0.0283 

0.15 

0.0288 

0.0213 

0.20 

0.0285 

0.20 

0.0288 

0.0183 

0.30 

0.0271 

0.30 

0.0294 

0.0105 

0.40 

0.0264 

0.40 

0.0291 

0.0017 

0.60 

0.0262 

0.60 

0.0279 

0.0015 

1.00 

0.0261 

1.00 

0.0345 

0.0014 

These  results  are  shown  in  Curves  I,  II,  and  IV  of  Fig.  1. 

The  first  portion  of  the  gum  curve  has  a  very  sharp  slope, 
which  breaks  off  sharply.  Calcium  salts  of  the  various 
organic  acids  can  be  precipitated  by  alcohol  of  this  concen- 
tration, while  the  free  acids  cannot.  As  soon  as  sufficient 
HCl  has  been  added  to  liberate  all  these  acids,  the  gum 
precipitate  becomes  practically  constant.  After  this  point 
is  reached  the  acid  concentration  may  be  varied  over  quite 
a  range  without  materially  affecting  the  amount  of  gums 
obtained.  The  concentratioa  reoommended  by  Noel  Dcerr 
and  by  Weichmanu  falls  on  the  flat  portion  of  this  cur\e. 
It  corresponds  to  a  concentration  of  about  0.27  g.  HCl,  as 
plotted  on  this  curve. 


EFFECT  OF  HCl  CONCENTRATION 
ON  6UM5 


0  0.20  0.40  0.60  Q80 

Grams  HCl  per  Determinafion 


The  combustible  matter  present  in  the  gum  precipitate, 
and  not  the  ash,  determines  the  amount  of  gum.  It  is  not 
nece.ssary  to  determine  this  ash  to  obtain  the  gums,  as  is 


necessary  where  the  filtration  is  on  filter  paper.     The  ash 
was  determined  here  only  as  a  matter  of  information.' 

Effect  of  Vahtinq  Alcohol  Concentration  with  Acidity 
Constant 

The  acidity  used  in  these  experiments  is  1  cc.  of  concen- 
trated HCl  per  determination  for  100  cc.  of  alcohol.  This 
concentration  permits  a  considerable  variation  in  the  acid 
measurement  without  affecting  the  results.     This  is  a  con- 
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venient  concentration  and  is  the  same  as  is  recommended  by 
Noel  Deerr  and  by  Weichmann.  Ten  cc.  of  sirup  were  used 
and  0.5  cc.  of  concentrated  HCl  added,  and  then  the  desired 
quantity  of  alcohol  in  a  volume  of  50  cc.  Filtration  was  in 
alundum  crucibles  for  the  ethyl  alcohol  experiments,  and  in 
an  asbestos  mat  Gooch  for  the  methyl  jilcohol  experiments. 
The  precipitate  was  dried  1  hr.  at  100°  C,  weighed,  ashed, 
and  reweighed. 

In  the  ethyl  alcohol  runs,  Expts.  9  and  10  filtered  so 
slowly  tiiat  the  washing  was  imperfect.  In  general,  the 
methyl  alcohol  precipitates  settle  faster  and  filter  faster  than 
those  of  the  ethyl  alcohol. 

Rxpt.  G.  Alcohol  per 

No.  100  Cc.  Mixture  Gums  Ash  in  Gum  Ppld. 

Ethyl  Aucohoi, 

1  65.4  0.0307  0.0204 

2  83.7  0.0290  0.0187 

3  60.5  0.0289  0.0156 

4  57.3  0.0242  0.0169 
6                 61.0  0.0190  0.0036 

6  44.6  0  01.59  0.0022 

7  38.2  0.0154  0.0020 

8  31.8  0.0154  0.0031 

9  19.1  0.0175  0.0023 
10  6.4  0.0172  0.0019 

MSTHVL  Alcohol 

1  62.2  0.0303  

2  69.2  0.0262  

3  66.1  0  0208  

4  49.6  0.0104  

5  31.1  0.0089  

6  12.4  0.0087  

These  data  are  represented  by  Curves  III  and  V  of  Fig.  2. 

The  higher  alcohol  concentrations  are  on  a  rather  steep 

part  of  the  curves.    This  abrupt  drop  in  the  gums  is  appar- 

'The  fact  that  loss  on  ignition  without  actual  determination  of  ash  is 
all  that  is  necessary  to  determine  gums  is  made  possible  by  our  use  of 
alundum  crucible  in  place  of  filler  paper  commonly  recommended.  For  still 
more  rapid,  less  precise,  work  even  the  loss  on  ignition  might  be  omitted,  if 
a  series  of  gum  determinations  were  being  made  on  a  product  with  uniform 
ash  character,  by  taking  advantage  of  the  fact,  shown  on  (he  curves,  that 
above  0.4  g.  of  HCl  per  determination,  the  ash  is  low  and  constant.  In 
such  a  case  the  ash  constancy  should  be  checked  occasionally  by  determin- 
ing loss  on  ignition. 
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cntly  a  dcxtriu  loss.  If  the  aleoliol  concentrations  were 
carried  much  higlier,  there  would  be  daiiRor  of  throwing  out 
much  organic  nonsugar  and  possil)le  sugar.  It  is  evident 
that  the  alcohol  concentration  should  be  kept  within  close 
limits,  and  as  high  as  the  higher  concentrations  used  in  these 
tests. 

Comparison  of  Ethyl,  Methyl,  and  Denatured  Alcohols 

Tests  on  94°  Molasses-House  Sugar — This  sugar  was 
made  into  a  50  per  cent  sirup  and  filtered  by  suction  through 
asbestos.  20  cc.  of  sirup,  1  cc.  of  HCl,  and  100  cc.  of  alcohol 
were  used  for  each  determination. 

AVKRAOK  PSRCRNTACS  OF  GuHS 

ABC 
0.252         0.252         0.247 
A — Pure  ethyl  alcohol,   94  per  cent  by  volume. 

B — 90  per  cent  ethyl  alcohol  and  10  per  cent  methyl  alcohol,  92  per  cent 
by  weight. 

C — Methyl  alcohol  (commercial),  92  per  cent  by  weight. 

These  results  indicate  that  for  this  sugar  these  alcohols 
give  results  that  are  practically  identical. 

Another  sample  of  sugar  was  checked  against  completely 
denatured  alcohol  and  the  following  average  results  obtained : 

Denatured  Alcohol 


Ethyl  Alcohol 
(94  per  cent) 
0.266  per  cent  gums 


0.281  percent 


This  alcohol  was  denatured  by  the  following  formula 
(parts  by  volume):  100,  ethyl  alcohol;  2,  methyl  alcohol; 
0.25,  pjTidin;  and  0.50,  benzine.  This  denatured  alcohol 
showed  94  per  cent  by  volume. 

The  results  show  a  sUght  increase  in  the  case  of  the  de- 
natured aJcohol,  but  the  agreement  for  most  purposes  is 
quite  satisfactory. 

Tests  on  Stock  Sirup,  Using  Alcohols  Descmbed 
Above — Tencc.  of  sirup,  0.5  cc.  of  concentrated  HCl,  and  50 
cc.  of  alcohol  were  used.  Series  2  was  run  with  twice  the 
acid  concentration  used  above.  The  following  average 
results  were  obtained : 


Ethyl  Alcohol 
0.0304 
0.0301 

Grams  of  Gums 

Denatured  Alcohol 
0.0301 
0.0280 

Methyl  Alcohol 
0.0259 
0.0267 

The  methyl  alcohol  gives  results  that  are  quite  low  on  a 
product  like  black  strap.  The  denatured  alcohol  is  more 
sensitive  to  change  in  acid  concentration  than  either  the  ethyl 
or  methyl  alcohol. 

The  Technic  of  Gum  Determinations 

Filtration  of  Gums — AH  the  methods  found  in  the  Litera- 
ture, with  the  exception  of  that  recommended  by  Noel  Deerr 
and  by  Weichmann,  are  foreign  methods,  and  none  of  the 
foreign  methods  suggest  the  use  of  a  Gooeh  crucible.  Since 
the  ash  in  the  gums  need  not  be  known,  only  two  weighings 
are  necessary  when  the  Gooch  crucible  is  used.  This  saves 
two  weighings  over  tared  filters,  and  has  the  further  advan- 
tages of  greater  accuracy  and  ease  of  manipulation. 

Asbestos  mat  Gooch  crucibles  are  to  be  preferred  to  alim- 
dum  crucibles  chiefly  because  of  the  better  filtration  obtained 
with  the  former.  AJundum  crucibles  are  also  rather  difficult 
to  wash  properly.  Since  there  is  no  filtration  between  weigh- 
ings, the  asbestos  mat  need  not  be  washed  free  from  fine  fibers, 
thus  making  mat  preparation  very'  simple.  There  is  a  loss 
of  onlj'  0.0010  g.  between  drjang  and  ignition,  owing  to  as- 
bestos and  crucible  losses  for  a  mat  weighing  0.20  to  0.25  g. 
dry.  The  corresponding  loss  for  an  alundum  crucible  is  at 
least  0.0020  g. 

Effect  of  Time  of  Standing  .\fter  Precipitation  on 
Rate  of  Filtration  and  Weight  of  Gums  Obtained — 
These  results  were  obtained  from  10  cc.  of  stock  sirup,  0.5  cc. 
of  concentrated  HCl,  and  50  cc.  of  94  per  cent  alcohol. 


Expt.  Time  or  Standing  Time  for  Filtering  Obtab'ed 

"°-  before  Filtration  and  Washing  Granii 

*  0      min.  4  hr«.  0.02H2 

*  1*  niln.  K  mln.  0  02111 
3                                    30       mln.  18  min.  a  II27U 

*  1  hr.  14  niin.  0  0283 
2  2.5  hrs.  14  min.  0  0284 
o                                    10      hra.  16  min.  0.0288 

For  filtering  tlirough  a.sbestos  mat  cruciblofl,  15  rain, 
standing  is  all  that  is  necessary.  No  serious  error  is  intro- 
duced by  different  times  of  standing. 

Temperature  of  Drying  and  Time  Required  to  Reach 
Constant  Weight— Drjing  at  9f)"  C.  in  30-min.  periods 
comes  to  constant  weight  in  90  min.  The  precipitate  goes 
from  0.0290  to  0.0280  g.  from  first  to  last  period. 

Drying  at  100°  C;  constant  weight  in  60  min.;    0.0282  to  0.0280  g 
Drying  at  105"  C;  consUnt  weight  in  30  min. 
Drying  at  110°  C;  constant  weight  in  30  min. 

Using  the  same  gum  precipitate,  the  drying  was  carried 
constant  at  90°  C,  then  constant  at  95°  C,  etc.,  with  the 
following  results: 

90°  C.  constant  at  0.0282  g.;  90  min.  required 

95°  C.  constant  at  0.0281  g.;  90  min.  required 

100°  C.  consUnt  at  0.0277  g.;  60  min.  required 

105°  C.  constant  at  0.0271  g.;  30  min.  required 

110°  C.  constant  at  0.0269  g.;  30  min.  required 

These  results  show  that  even  a  5°  change  in  drying  tem- 
perature wnU  cause  but  little  error.  The  time  required  to 
reach  constant  weight  wiU  also  vary  somewhat  with  the  weight 
of  the  precipitate.  For  this  reason  it  is  desirable  to  dry  at 
least  1  hr.  at  a  temperature  of  100°  to  105°  C. 

Recommended  Method  for  Gum  Deter.mination 

Sample — If  the  sample  is  a  sirup  or  juice,  dilute  to  or 
concentrate  to  about  50  per  cent  solids.  For  work  in  which 
only  comparative  results  are  desired  on  products  of  nearly  the 
same  density,  this  is  not  necessary  but  it  is  desirable.  The 
sample  should  be  free  from  suspended  matter.  We  find 
filtering  through  asbestos  or  centrifuging  fairly  satisfactory. 
Care  must  be  taken  that  no  clarification  that  has  a  tendency 
to  remove  gums  is  used.  If  the  gum  content  is  low,  use  a 
20-cc.  sample;  if  high,  use  a  10-cc.  sample.  If  the  density  of 
the  sample  is  not  accurately  known,  it  should  be  weighed  to 
the  nearest  0.1  g. 

A  sugar  can  be  dissolved  in  an  equal  weight  of  water  and 
should  usually  be  filtered.  Sodium  benzoate  satisfactorily 
keeps  sirups  for  gum  analysis. 

Acidity — Use  0.5  cc.  of  concentrated  HCl  for  the  lO-cc. 
sample  and  1.0  cc.  for  the  20-cc.  sample.  Add  the  acid  to 
the  sirup;  otherwise,  in  the  case  of  very  low-grade  products 
an  unfilterable  precipitate  may  be  obtained. 

Alcohol — Use  alcohol  at  about  93  to  96  per  cent  by  vol- 
ume. In  case  methji  or  denatured  alcohol  is  used,  a  large 
supply  should  be  kept  so  that  the  results  will  be  comparable. 
This  old  supply  should  not  be  entirely  used  before  checking 
against  the  new  supply  on  the  products  usually  analyzed. 
With  ethyl  alcohol  it  is  only  necessarj'  to  see  that  the  density 
is  the  same.  For  some  products  methj'l  or  denatured  alcohol 
wUl  give  results  nearly  the  same  as  the  ethyl  alcohol,  but  on 
other  products  the  results  may  be  lower.  Denatured  alcohol 
especially  should  be  watched,  as  the  nature  of  the  substance 
used  for  denaturing  may  be  a  factor  in  its  beha\ior  as  a  gum 
precipitant.  .Alcohol  denatured  with  methyl  alcohol  alone 
is  preferable  for  gum  precipitation.  All  alcohol  should  be 
filtered  before  use. 

Precipitation — The  precipitation  is  preferably  conducted 
in  120-cc.  Erlenmeyer  flasks  or  in  beakers.  The  alcohol 
should  be  added  from  a  rather  slow  delivery  pipet,  and  the 
mixture  should  be  well  agitated  during  the  precipitation. 
Use  50  cc.  of  alcohol  for  the  10-cc.  sample  and  100  cc.  for  the 
20-cc.  sample.  To  avoid  slow  filtration  allow  the  precipitate 
to  stand  15  min.  before  filtering. 
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Filtration — Use  an  asbestos  mat  Gooch  crucible.  The 
mat  should  contain  at  least  0.20  g.  of  dry  asbestos  for  a  pre- 
cipitate weighing  from  0.2  to  0.5  g.  It  is  unnecessarj-  to 
wash  the  mat  free  from  fine  fibers  or  to  weigh  the  crucible 
before  filtering  the  gums.  The  flask  containing  the  pre- 
cipitate should  be  drained  before  rinsing,  and  the  rinsings  of 
wash  alcohol  should  not  be  added  until  the  last  drop  of  the 
original  liquor  has  passed  tlirough  the  mat.  The  filtration 
and  washing  of  precipitates  weighing  about  0.01  g.  ordinarily 
need  not  require  more  than  5  min.,  and  precipitates  of  about 
0.05  g.  can  be  handled  in  15  min.  Alundum  crucibles  if  used 
need  not  be  weighed  before  filtration  of  the  gums. 

Wash  Alcohol — The  requirement  for  the  wash  alcohol 
is  that  it  shall  be  of  higher  alcohol  concentration  and  of  less 
acidity  than  the  alcohol  in  the  mixture  of  sirup,  alcohol, 
and  acid.  This  avoids  any  solvent  effect  on  the  precipitate. 
It  is  advisable  to  use  the  same  strength  alcohol  for  washing 
as  was  used  in  precipitating  the  gums.  Occasionally  a  little 
acid  in  the  wash  alcohol  will  speed  up  the  filtration. 

Drying — Dry  at  100°  to  105°  C.  for  1  hr.  For  very  large 
precipitates  it  is  well  to  see  whether  this  is  sufficient  to  give 
constant  weight. 


Weighing — After  drying  and  ignition  the  crucible  should 
be  cooled  in  a  desiccator  and  weighed.  These  weighings 
should  be  on  a  balance  accurate  to  O.OOOI  g. 

Ignition— The  ignition  of  the  organic  matter  may  be 
accomplished  in  a  muffle  or  by  a  Bunsen  flame,  and  must  be 
continued  until  aU  the  carbon  is  consumed.  This  usually 
requires  10  to  15  min.  The  difference  between  the  weight 
after  drying  and  after  ignition  represents  the  dried  gums. 
For  very  accurate  work  or  where  the  precipitate  weighed  is 
verj-  small,  a  correction  must  be  applied  for  tlie  loss  in  weight 
of  the  dried  crucible  and  mat  during  ignition.  For  a  14-  to 
18-g.  Gooch  crucible  with  a  0.20  to  0.25  g.  asbestos  mat,  this 
correction  amounts  to  0.0010  g.  Tliis  correction  may  be 
determined  once  for  all  for  any  crucible  and  mat.  The 
mats  nearly  constant  in  weight  are  prepared  by  using  the 
same  volume  of  8  thorough!}'  shaken  stock  suspension  of 
asbestos  and  water. 
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Color  and  Ash  Absorption  by  Boneblack  and 
Decolorizing  Carbons' 

By  W.  D.  Home 
National  Sugar  Rkfining  Company  of  New  Jbrsky,  Vonkers,  N.  Y. 


THE  WIDE  interest  in  decolorizing  carbons  and  the 
fact  that  they  are  frequently  offered  as  substitutes 
for  boneblack  in  certain  lines  of  work  give  importance 
to  the  comparison  of  their  relative  advantages  in  various 
technical  applications. 

Some  of  tiie  carbons  produced  in  recent  years  possess  a 
remarkable  color-absorbing  capacity  when  applied  to  sugar 
solutions,  and  this  has  in  some  cases  proved  all  that  was 
needed  to  make  them  of  value  in  some  industries,  and  at  the 
same  time  has  rather  diverted  attention  from  their  frequent 
inability  to  absorb  much,  if  any,  ash,  which  is  such  an  im- 
portant feature  in  sugar  refining. 

Ordinary  Practice 

In  sugar  refining,  from  75  to  100  lbs.  of  boneblack  are  ordi- 
narily used  for  the  filtration  of  each  100  lbs.  of  raw  sugar. 
This  boneblack  is  applied  in  the  filtration  of  washed  sugar 
and  washings,  and  to  sirups  from  centrifugals  at  various 
stages  in  the  process.  In  this  way  one-third  to  one-half 
of  the  organic  impurities  may  be  removed  and  one-quarter 
to  one-third  of  the  ash,  while  about  three-quarters  of  the  total 
color  is  taken  out. 

On  the  other  hand,  the  decolorizing  carbons  are  used  in 
much  smaller  proportion  to  sugar,  and  usually  vary  from  3 
to  10  per  cent  of  the  weight  of  solids  in  the  sugar  solution. 
They  remove  commonly  from  about  two-thirds  to  nearly 
all  of  the  color  present  without  absorbing  any  notable  amount 
of  ash. 

For  example,  in  a  comparative  study  of  four  commercial 
decolorizing  carbons,  250  cc.  of  bag-filtered,  washed  sugar 
solution  at  80°  C.  were  added  in  each  case  to  25  cc.  of  the  car- 

'  Presented  before  the  Division  of  Sugar  Chemistry  at  the  63rd  Meeting 
of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to  7,  1022. 


bon,  and  the  whole  kept  at  80°  on  the  water  bath,  with  fre- 
quent stirring,  for  40  min.,  and  then  filtered.  The  original 
liquor  had  a  color  of  8,  according  to  an  arbitrary  scale  in 
which  water  reads  0  and  a  rich  brown  caramel  solution  reads 
100.  The  four  filtrates  a,  b,  c,  and  d  read,  respectively,  1 .5, 
0,  3,  and  1,  showing  removal  of  81.75,  100,  62.5,  and  87.5 
per  cent.  The  carbons  were  then  washed  and  boiled  with 
10  cc.  saturated  solution  of  caustic  soda  diluted  to  75  cc, 
filtered,  and  washed  free  from  alkali.  Then  80.5  per  cent 
of  the  original  weight  of  each  of  these  carbons  was  taken, 
and  to  this  were  added  250  cc.  of  this  liquor  darkened  with 
raw  sugar  washings,  the  whole  heated  at  80°  C.  on  the  water 
bath,  with  frequent  stirring,  for  40  min.,  and  filtered.  The 
color  of  this  composite  liquor  was  55,  and  the  filtrates  were 
10,  8,  32,  and  14,  respectively.  The  percentages  of  color 
removed  were  81  81,  85.50,  41.81,  and  74.54.  The  ash 
removal  was  not  determined  for  the  first  filtration,  but  by 
the  second  filtration  practically  no  ash  was  absorbed,  for, 
while  the  original  solution  contained  0.35  per  cent  of  ash 
on  a  dry  basis,  the  amounts  found  in  the  filtrates,  respectively, 
were  0.36,  0.37,  0.34,  and  0.39  per  cent. 

ExPERisiENTs   TO    Determine    Seat   of   Ash-Absorbing 
Power 

A  set  of  filtrations  was  conducted,  using  the  main  constitu- 
ents of  boneblack  separately,  and,  for  comparison,  some  of 
the  original  material  at  the  same  time.  The  original  bone- 
black  contained  8.26  per  cent  carbon,  0.50  per  cent  insoluble 
ash,  1.64  per  cent  calcium  sulfate,  0.09  per  cent  calcium 
sulfide,  0.17  per  cent  iron,  and  3. 89  per  cent  calcium  car- 
bonate. The  rest  was  mainly  calcium  phosphate.  To  pre- 
pare the  samples,  250  g.  of  high-grade  boneblack  were  di- 
gested, heated  ■nith  about  2  liters  of  25  per  cent  commercial 
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hydrochloric  acid,  and  the  residue  washed  until  it  was  neutral 
to  litmus  paper.  The  wet  carbon  and  uiulissoKcd  mineral 
matter  weighed  1C7  g.,  and  contained  87  '.I.')  per  cent  water, 
and  12.05  per  cent  carbon  and  luinerul  matter.  Another 
weight  of  2.50  g.  of  tlie  same  l)oneblack  was  carefully  and 
thorouglily  burned  off  in  the  muffle  furnace,  at  a  low  reddisli 
heat,  until  all  combustible  matter  was  removed.  Tiiis  left 
227  g.,  or  90 .  80  per  cent  of  the  original  weight  of  the  char. 

For  the  filtration  test,  three  burets  were  placed  in  a  double- 
walled  glass  box  .heated  by  an  electric  lamp,  and  25  g.  of 
the  boneblack,  for  a  standard  of  comparison,  were  placed 
in  one  of  the  burets  above  a  cotton  plug.  In  the  second 
buret  was  put  burned  char  weighing  22.9  g.,  calculated  to 
represent  the  same  original  amount  of  boneblack  jis  in  the 
first  buret.  For  the  third  tube  wore  set  aside  18. 1  g.  of  the 
wet  carbonaceous  residue,  calculated  to  contain  as  much 
carbon  and  insoluble  ash  as  25  g.  of  the  original  boneblack. 
A  raw  sugar  solution  at  40°  Brix  was  prepared,  and  clarified 
by  defecation  with  infusorial  earth  and  filtering  over  paper. 
The  original  and  the  burned  boneblack  were  covered  with 
this  liquor  and  allowed  to  stand  1  hr.  at  about  75°  C,  after 
which  the  liquor  was  allowed  to  percolate  slowly  through 
at  the  rate  of  25  cc.  j)er  hr.  As  the  wet  carbon  would  have 
diluted  the  filtrate  unevenly,  it  was  mixed  with  100  cc.  of 
the  sugar  solution  and  heated  near  the  boiling  point  for 
about  10  min.,  to  obtain  an  even  distribution  of  the  15.9 
cc.  of  contained  water  with  the  100  cc.  of  liquor.  This  mix- 
ture was  poured  into  the  third  buret  tube,  and  after  standing 
an  hour  was  drawn  off  in  the  same  manner  as  the  others. 
The  readings  were  corrected  for  the  dilution.  By  this  pro- 
cedure the  following  results  were  obtained : 

Whole  Bonk-    Burned  Bonh-    Carbon'  prom 
black  black  bonbblack 

Original       1st         2nd  1st         2nd         1st  2nd 

SoLDTioN    25  Cc.     25  Cc    25  Cc.    25  Cc.     25  Cc.    25  Cc 
Color  103  4  20  27  60  8  16' 

Color  absorbed , 

percent  ...  96.10      80.58      73.80     41.78      92.30    84.50 

Ash     (on     dry 
substance) 

percent  2.914         1..53S      2.133      2.235     2.378      2.678 

Ash    absorbed, 

percent  ...  47.32      26.80      23.30     18.39        8.10 

'  Color  of  liquor  supernatant  to  the  carbon.     It  would  no  longer  perco- 
late through. 

Here  we  see  that  while  the  color  removal  is  more  vigorous 
by  the  carbon  than  it  is  by  the  mineral  framework  of  the 
boneblack,  the  burned  boneblack  far  more  strikingly  ab- 
sorbs the  ash  constituents  of  the  sugar  solution.  This 
is  so  very  e%-ident  that  we  cannot  wonder  at  the  relatively 
insignificant  ash  removal  by  carbons. 

The  assumption,  on  the  other  hand,  that  the  mineral 
portion  exercises  the  predominating  influence  in  ash  ab- 
sorption, is  borne  out  by  the  behavior  of  an  artificial  bone- 
black  formed  by  the  fixation  of  carbon  on  a  more  or  less 
porous  earthy  substratum. 

Aetificial  Char  vs.  Boneblack 

In  a  filtration  test  arranged  much  as  was  the  one  just  de- 
scribed, the  artificial  char  was  compared  with  high-grade 
boneblack,  with  the  following  results: 


Boneblack 

SuBSriTDTB 

Original 

1st 

2nd 

1st 

2nd 

Liquor 

30  Cc. 

30  Cc. 

30  Cc 

30  Cc. 

Color 

100 

2 

6 

10 

24 

Color     absorbed,      per 

cent 

98 

94 

90 

76 

Ash  (on  dry  substance). 

per  cent 

2.81 

1.84 

2.12 

Ash  absorbed,  percent 

34.52 

24.60 

If  this  hint  is  followed,  we  may  eventually  expect  to  be 
able  to  develop  a  decolorizing  carbonaceous  compound, 
which  will  not  only  take  up  color,  but  will  also  absorb  ash. 
When  viewed  from  the  fmancial  standpoint  of  the  refiner. 


this  is  an  important  matter.  To  demon«trat<;  llie  point 
more  sijecifically,  reference  is  made  to  a  certain  carbon, 
prepared  from  a  by-product  in  manufacture,  having  good 
co/or-absorbing  power,  but  which  had  no  as/i-absorbing  power. 

When  4  g.  of  this  carbon  were  treated  7  times  Hucctwsively 
with  100  cc.  of  washed  sugar  solution  without  intermediate 
washing  or  revivifying,  it  wa.s  found  to  be  12  times  as  effective 
in  color  removal  as  the  same  weight  of  boneblack,  the  bone- 
black  being  used  but  once.  The  boneblack  must  Imj  washed 
and  revivified  by  heat  after  each  use. 

A  refinery  working  225  days  a  year  can  count  on  its  bone- 
black  wearing  out  in  about  3  years.  .\8  the  Iwneblack 
makes  the  cycle  of  its  operations  about  once  in  3  days,  in 
the  first  year  the  full  char  will  be  used  75  times,  in  the  second 
year  two-thirds  of  the  char  will  be  used  75  times,  in  the  third 
year  one-third  of  the  char  will  be  used  75  times — making 
150  times  in  all,  calculated  for  the  full  char. 

If  boneblack  can  be  used  150  times,  it  will  be  necessary 
to  use  this  carbon  through  12.5  cycles  of  7  mixings  with 
liquor  in  each  cycle  to  get  the  same  decolorizing  effect. 
As  the  vegetable  carbons  are  rather  soft,  they  have  been 
found  to  wear  down  under  the  attrition  of  use,  and,  as  the 
grains  grow  smaller,  gradually  to  choke  the  cloths  of  the 
filter  press.  It  .seems  a  fair  assumption,  from  experience 
in  tills  field,  that  18  cycles  of  this  kind  would  nearly  exhaust 
the  utUity  of  most  vegetable  carbons.  In  other  words, 
by  the  time  this  carbon  has  done  1.50  per  cent  as  much  de- 
colorizing as  an  equal  weight  of  boneblack  can  do  in  its  whole 
life,  the  carbon  will  have  been  exhausted. 

Comparative  Costs 

On  a  color  basis  alone,  then,  it  appears  that  such  a  carbon 
must  not  cost  more  than  150  per  cent  as  much  as  cliar  does 
per  pound.  The  cost  of  boneblack  can  be  taken  at  about  5 
cents  a  pound  net,  as  an  allowance  can  be  made  for  old  bone- 
black  sold  on  its  phosphoric  oxide  content.  This  carbon, 
then,  should  not  cost  over  7.5  cents  per  lb.,  on  a  color  ab- 
sorption basis. 

With  regard  to  ash  absorption,  however,  the  average 
raw  sugar  contains  about  0.6  per  cent  ash,  of  which  the 
boneblack  treatment  removes  from  0.2  to  0.3  per  cent. 
The  carbon  failing  to  do  this,  the  above-mentioned  0.2 
per  cent  of  ash  holds  back  about  5  times  its  weight  of  sugar 
from  crystaUizing,  or  1 .0  per  cent  on  the  weight  of  raw  sugar 
melted.  The  0.4  per  cent  of  ash  left  after  char  filtration 
is  ordinarily  accompanied  by  the  production  of  about  4.5 
per  cent  of  final  molasses.  If  none  of  the  ash  is  removed, 
we  might  expect  to  have  half  again  as  much  molasses;  but 
the  carbon  removes  organic  impurities  which  al.so  have  a 
melassagenic  influence,  and  so  it  is  probably  more  nearly 
correct  to  assume  that  there  will  be  about  one-quarter 
more  molasses  with  carbon  than  with  boneblack. 

Thus,  100  lbs.  of  raw  sugar  treated  with  SO  lbs.  of  bone- 
black  should  produce  93  lbs.  of  refined  sugar  at  5. 1  cents  per 
lb.,  or  S4.743,  and  4.5  lbs.  of  molasses  at  1  cent,  or  $4,788 
altogether.  The  same  amount  of  raw  sugar  refined  with 
carbon  would  give  about  92  lbs.  of  sugar  (U .  692)  and  5 .  625 
lbs.  of  molasses  at  0.8  cent  per  lb.  (cheaper  because  of  its 
higher  ash  content),  worth  4.5  cents  or  $4,737  altogether, 
which  is  5.1  cents  less  than  when  boneblack  is  used.  The 
cost  of  the  80  lbs.  of  char  needed  for  handling  100  lbs.  of 
raw  sugar  at  5  cents  net  is  $4.00,  and  if  this  can  be  used  in 
all  150  times,  the  cost  for  a  single  use  will  be  2.66  cents. 
Since  the  boneblack  thus  effects  a  sa-s-ing,  compared  with 
carbon,  in  refining,  of  nearly  twice  as  much  as  the  bone- 
black  costs,  it  is  e\'ident  that  such  a  carbon  cannot  compete 
with  it  at  any  price. 
To  offset  this,  in  erecting  a  plant  to  use  carbon  instead  of 
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boneblack,  there  would  be  a  saving  in  overhead  expenses, 
and,  as  revivifying  processes  develop,  it  may  prove  cheaper 
in  revivification  than  char  because  of  the  smaller  weight 
handled,  thus  diminishing  operating  expenses  also. 
The  great  result  to  achieve  is  the  production  of  an  ash- 


absorbing  carbon,  and  from  all  present  indications  it  will 
consist  of  a  porous  mineral  foundation  overlaid  with  a  highly 
activated  carbon,  and  such  a  material  will  have  a  great 
advantage  if  it  can  be  handled  in  filter  presses  as  the  existing 
carbons  are  handled. 


The  Determination  of  Alunninium  as  Phosphate'' 


By  G.  E.  F.  Lundell  and  H.  B.  Knowles 

BuRBAO  or  Standards,  Washington,  D.  C. 


M.ANY  methods  of 
analysis  call  for  the 
determination  of 
aluminium  by  precipitation, 
and  weighing  as  phosphate, 
either  alone  or  together 
with  iron  and  titanium. 
The  calculation  of  alumin- 
ium is  ordinarily  made  on 
the  l)asis  of  the  composition 
AIPO4,     with     corrections, 

when  necessary,  for  ii'on  and  titanium  as  sejiarately  determined 
and  calculated  on  the  basis  of  the  normal  phosphates  FePOi 
and  Ti3(P04)4.  Most  procedures  call  for  precipitation  in  acid 
solution,  altiiough  a  few  specify  an  alkaline  one;  the  array  of 
wash  solutions  is  equally  broad;  hot  water,  hot  or  cold 
ammonium  nitrate,  and  hot  dilute  acetic  acid  are  all  men- 
tioned. In  most  cases  the  methods  are  given  with  no 
statement  as  to  their  accuracy;  in  a  few  instances  the  mctli- 
ods  are  rated  as  of  the  highest  accuracy;  while  in  throe  re- 
searches, at  least,  attention  has  been  called  to  the  Umita- 
tions  of  the  phosphate  method.  One'  states  that  when 
aluminium  is  boiled  for  40  min.  with  an  excess  of  sodium 
phosphate  in  acetic  acid  solution,  the  phosphate  which  is  ob- 
tained approximates  the  formula  7AI2O3.6P2O6  more  nearly 
than  AljOa.PjOs.  Another'  claims  that  the  phosphate  pre- 
cipitated by  boiling  a  like  solution  for  5  min.  contains  PjOs 
in  excess  of  that  called  for  by  the  formula  AI2O3.P2O6.  The 
third'  points  out  the  difficulty  in  properly  washing  the 
precipitate. 

In  view  of  the  foregoing  facts,  it  is  considered  desirable  to 
present  the  following  data  which  embody  tests  carried  out 
at  this  Bureau  in  order  to  determine  the  suitability  of  tlie 
method  for  work  in  hand,  and  which  demonstrate  that, 
while  the  method  is  quite  satisfactory  where  only  small 

'  Received  May  22,  1922. 

•  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
•T.  M.  Drown  and  Alex.  G.  McKenna,  Chem.  News,  64  (1891).  194. 

*  In  the  "Report  of  the  Committee  on  Research  and  Analytical  Methods 
—Phosphate  Rock,"  This  Journal,  3  (1911),  787.  the  conclusions  are  given: 
"In  order  that  the  ignited  phosphates  may  contain  enough  phosphoric  acid 
to  form  the  normal  phosphate,  it  is  absolutely  necessary  that  the  second  pre- 
cipitation, cither  in  the  acetate,  Closer,  or  thiosulfate  method,  be  made  in 
the  presence  of  an  excess  of  phosphoric  acid,"  "It  is  impossible  to  exactly 
wash  out  the  excess  of  phosphoric  acid,  leaving  only  the  normal  iron  and  alu- 
minium phosphates."  "It  is  possible,  though  hardly  practicable,  to  remove 
by  ignition  all  excess  of  phosphoric  acid  from  a  precipitate  of  aluminium 
phosphate  without  reducing  the  normal  aluminium  phosphate."  "It  is 
difficult,  and  the  results  arc  very  uncertain  at  best,  to  remove  the  excess 
of  phosphoric  acid  from  a  precipitate  of  iron  phosphate  without  reducing. 
or,  rather,  driving  off  some  of  the  phosphoric  acid  from  the  compound." 
"It  is  the  opinion  that  any  of  the  methods  based  on  ignition  of  the  phosphate 
is  subject  to  the  above-mentioned  errors  and  uncertainties."  These  quali- 
fications are  not  embodied,  however,  in  the  final  committee  report,  Tins 
JouRNAi.,  7  (1915),  446. 

•J.  M.  Comp.  Iron  Aur,  66  (1900),  17,  says:  "One  disadvantage  of 
the  phosphate  method  is  that  there  is  no  end-point  to  the  wasbiog  of  the  pre- 
cipitate, it  being  slighUy  soluble  in  the  wash  water." 


Delerminalions  of  aluminium  as  phosphate  are  generally  in 
error.  Acceptable  determinations  are  possible  when  only  a  few 
milligrams  of  aluminium  are  inoolced,  and  high  values  are  the 
rule  when  more  than  I  to  5  mg.  of  aluminium  are  precipitated  by 
ordinary  procedures.  Immoderate  washing  of  the  precipitate  or 
the  use  of  a  weali  acid  wash  leads  to  low  oalues,  as  does  also  pre- 
cipitation with  only  a  moderate  excess  of  the  precipitant,  or  pre- 
cipitation in  alk.aline  solution.  Under  these  conditions  iron  be- 
haves lik.e  aluminium,  while  titanium  invariably  yields  low  values. 


amounts  (1  to  5  mg.)  of 
aluminium  are  involved,  it 
is  far  from  reliable  where 
larger  amounts  of  alumin- 
ium are  in  question,  or  when 
iron  or  titanium  or  both 
are  also  present  and  precipi- 
tated as  phosphates. 


Experimental 

The  results  of  the  investigation  can  best  be  summarized 
as  in  Tables  I,  II,  and  III.  The  aluminium,  titanium,  and 
iron  solutions  were  all  standardized  by  proceeding  as  in  the 
method  of  W.  Blum,''  with  correction  for  siUca  in  all  cases. 
The  phosphate  solutions  used  for  precipitation  were  stand- 
ardized gravimetrically  as  magnesium  pjTophosphate.  All 
precipitates  were  carefully  ignited  and  finally  heated  to  con- 
stant weight  at  approximately  1  ()()() °  C.  In  many  cases 
macerated  paper  was  used  in  an  attempt  to  facilitate  the 
filtering  and  washing  of  the  precipitate  and  to  obtain  a  finer 
grained  ignited  residue  and  greater  ease  in  expelling  any 
volatile  matter. 

In  Table  I  an  aluminium  chloride  solution  was  used  in 
Expts.  1  to  8  and  15  to  22,  and  an  aluminium  nitrate  solu- 
tion in  Expts.  9  to  14.  The  precipitant  in  Expts.  1  to  8 
was  sodium  ammonium  hydrogen  phosphate,  in  Expts. 
14,  disodium  hydrogen  phosphate,  and  in  the  others,  diam- 
monium  hydrogen  phosphate.  Precipitation  was  in  acetic 
acid  solution,  except  in  Expt.  10  where  the  solution  was  made 
just  alkaline  to  methyl  orange  with  ammonia,  and  in  Expt. 
1 1  where  an  excess  of  5  cc.  of  ammonium  hydroxide  (sp.  gr. 
0.90)  per  100  cc.  was  used. 

The  data  of  Table  I  show  that  all  the  methods  proposed 
for  the  determination  of  aluminium  as  phosphate  are  sub- 
ject to  error;  those  are  of  the  least  concern  where  only  small 
amounts  (1  to  5  mg.)  are  involved.  Low  values  are  the  rule: 
(1)  when  less  than  five  times  the  theoretical  requirement 
of  the  precipitant  is  used;  (2)  when  the  precipitation  is  per- 
formed in  alkaline  solution;  (3)  when  the  precipitate  is  washed 
immoderately  \vith  hot  or  cold  water  or  ammonium  nitrate 
solution;  or  (4)  when  dilute  acetic  acid  is  used  as  a  washing 
medium.  High  values  are  invariably  obtained  with  moderate 
amounts  of  aluminium  when  over  five  times  the  theoretical 
requirement  of  precipitant  is  employed  in  acetic  acid  solu- 
tion. This  holds  true  regardless  of  whether  tlie  precipitate 
is  washed  moderately  (with  300  cc.  of  solution)  or  until 
it  is  free  from  clilorides  with  hot  water  or  hot  or  cold  am- 
monium nitrate  solution,  or  of  what  ignition  temperatures 
are  employed. 

There  seems  to  be  little  hope  that  a  normal  phosphate 
can  be  obtained  by  any  method.    The  formula  3Alj03.- 

•  J.  Am.  Chcm.  Soc,  38  (1916),  1282. 
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TAnuB  I- 

-Drtrrmination  or  Aluhi 

NIKH  AS  Pi 

OSlMIATl! 

PiO.  Added 

AliO. 

AltOi  Pound 

ExpT 
hfo. 

Theory 
AliOirP.O. 

Taken 
G. 

Calcd.on  Basis 
of  AlPO.,  C 

r 

Amount  of  Wasrino  Mbduim' 

G. 

Percent 

1 

1 

500 

c.  hot  HiO 

0.08(11 

0. 07701 

-0.0091 

_ 

0.6      I 

2 

1 

800 

c.  cold  2  per  cent  NH<NOi 

0  0S«1 

0.0776' 

-0.0085 

_ 

9.9 

r.i.r-.         Iiiair.       v.  M.-11H1  al    Analyui 

3 

3 

500 

■c.  hot  HiO 

0  OSii  1 

0.0846 

-0.0OI5 

— 

1.7 

01    Iron,  "    ftlh    cd.,    J.     il.    I.lpplncott 

4 

3 

500 

c.  cold  2  per  cent  NH.NO. 

O.Osfil 

0.0851 

-0.0010 

_ 

12 

Co.,    p.   274.      Ivatentially     the     umr 

5 

5 

500 

c.  hot  HiO 

0  iisr.i 

0.0874 

+  0  0013 

+ 

l.iS 

in    IhhotSfjn,    "Chemical     Analyftts    of 

0 

"> 

500 

c.  cold  2  per  cent  NHiNOi 

oostu 

0.0867 

+  0  0006 

+ 

0.« 

Steel  Works  Material,"  p.   104,  Loog- 

7 

10 

500  cc.  hot  n,o 

0.0861 

0  0890 

+  0  0H29 

+ 

3  4 

mans  Green  &  Company 

8 

10 

500 

-c.  cold  2  per  cent  NH.NO. 

0.0861 

0 . 0907 

+  0  0046 

+ 

6  3 

"Methods  of  Chemiilt  of   IT   S.  Steel 

9 

10 

300 

'c.  hot  2  per  cent  Acetic 

0.0485 

0.0425' 

-0  OOflO 

-12.4 

Corporation  for  SamplinK  and  Analytil 
of  Ferroalloys,  etc.,"  1920  ed..  p   42 

10 

10 

300 

:c.  hot  lIiO 

0.0485 

0.0454' 

-0.0031 

- 

6  4 

IbiJ.,  alloy  steel,  1921   rd  .  p.   75 

11 

10 

300 

:c.  hot  H,0 

0.0485 

0.0367' 

-0.0118 

- 

M.3 

Slightly  more  alkaline  than  the  above 
Ivlpt.  12  illustrates  the  effect  of  in- 
sulTicienI  phosphate,  and   HxpU.  14  to 

12 

1 

300 

-I-.  hot  5  per  cent  NH.NOs 

0.0485 

0.0440 

-0.0039 

_ 

8.0 

22    embody    sIlKht     modifications     of 

Uipts.  13  and  14 

Hxpts.   13  and   14   were  performed  by 

the     method     recommended     by     the 

13 

5 

300 

cc.  hot  5  per  cent  NH4NO1 

0.0485 

0.0516 

+  0.0031 

+ 

8.4 

Fertilizer    Oivinion    of    the    American 

1-4 

20 

300 

cc.  hot  5  per  cent  NIUNOj 

0  0485 

0.0523 

+  0  0038 

+ 

7.8 

Chemical  S<K:iety,  This  JniKHAl.,  7 
(1915),  446.  Scolt  -Standard  Meth- 
ods of  Chemical  Analyses,"  D.  Van 
Nostrand  Company.  2nd  ed.,  p.  320 

15 

10 

.WO 

cc.  hot  5  per  cent  NH.KOi 

0.0471 

0  0482 

+  0.0011 

+ 

2.3 

16 

10 

1000 

cc.  hot  5  per  cent  NH.NOi 

0.0471 

0.0459 

-0.0012 

2.6 

The   washings   in   Eipl     17  contained 

17 

10 

2000 

cc.  hot  5  per  cent  NH.NOj 

0.0471 

0  0445! 

-0.0O26 

— 

5  5 

only    traces    of    AliOi,  while    those    of 

18 

10 

2000 

cc.  hot  HiO 

0.0471 

0.0394' 

-0.0077 

- 

16.4 

l^ipt.  18  contained  less  than  1  mg.  of 
Al,0. 

19 

10 

175 

cc.  hot  5  per  cent  NH.NOi 

0.0019 

0.0019 

±0.0000 

0 

20 

10 

175 

cc.  hot  5  per  cent  NH.NOi 

0.0094 

0.0096 

+  0.0002 

+ 

2.1 

As  in   previous  method,  only  precipi- 

21 

10 

550 

cc.  hot  5  per  cent  NH.NOi 

0.0943 

0.0964 

+0.0021 

+ 

2.2 

tates   were   washed   until  entirely   frec- 

22 

10 
Considerable 

600 
alumii 

cc.  hot  5  per  cent  NH.NOj 
liura  in  filtrate. 

0.1886 

0.1930 

+0.0044 

+ 

2.3 

from  chlorides 

1 

The  weighed  residu 

e  obtained  in  Eipt.  17  gave  when  analyzed  45.33  per  cent  AliOi  and  53.88  per  cent  PtOi.  while  that  obtained  in  Eiot    18  eav« 

SO.  16 

per  cent  AljOa  and  48.58  per  cent  PtOs,  as  against  the  theor 

tical  values  of  41 

79  per  cent  AliOi  a 

nd  58.21  per  cent  PiOi  for  AlPO..     The.w  values. 

in  conjunction  with  the  nc 
phoric  acid. 

eligible  alumina  recoveries  from  the  washings,  illustrate  the 

progressive 

hydrolysis  of  the  precipitate  and  the  washing  out  of  phos- 

4P1O6.I8H1O  represents  very  closely  the  composition  of 
aluminium  phosphate  precipitates,  obtained  by  the  use  of 
an  excess  of  pliosphate  in  either  acetic  acid  or  ammoniacal 
solution,  with  preliminary  drying  with  blotting  paper, 
final  drying  in  the  air,  and  correction  for  all  impurities. 
Washing  this  compound  progi'essively  removes  phosphorus, 
with  little,  if  any,  aluminium,  even  after  the  "AIPO4"  stage 
has  been  reached. 

Expts.  19  to  22  show  that  desirable  modifications  of  the 
official  method'  consist  in  precipitating  in  the  presence  of 
macerated  paper,  and  final  washing  of  the  phosphate  until 
it  is  free  from  chlorides. 

Table  II — BEHA\^OR  of  Iron  in  the  Oppicial  Method 


(Determinations 

made  with    a 

solution  of   ferric   sulfate   a 

s  in  the  oGScial 

method. 

'  except 

as  to  varying 

the  amount  of  diammonium 

hydrogen  phos- 

phate  precip 

tant  as  noted  ir 

Column  1) 

FejOs  Found 

PiOs  Added 

FejOi 

Calc.  on  Basis 

ExpT. 

Theory 

Taken 

of  FePO. 

, Erro 

— FejO> ■ 

No. 

AliOjiPjOs 

G. 

G. 

G. 

Per  cent 

1 

1 

0.0.530 

0.0503 

-0.0027 

-5.1 

2 

1 

0.0533 

0.0503 

-0.0030 

-5.6 

3 

5 

0.0582 

0.0607 

+  0.0025 

+4.3 

4 

5 

0.0505 

0.0519 

+  0.0014 

+  2.8 

5 

20 

0.0.537 

0.0565 

+  0.0028 

+  5.2 

6 

20 

0.0564 

0.0594 

+  0.0030 

+  5.3 

The  data  show  that  iron  behaves  like  aluminium,  and  that 
it  win  increase  the  errors  in  any  aluminium  determinations 
where  both  are  precipitated  and  aluminium  then  obtained 
by  difference  after  a  separate  determination  of  the  iron  and 
deduction  as  calculated  FeP04.  For  example,  in  such  a  pro- 
cedure a  rock  containing  10  per  cent  of  Fe203  and  no  aluminium 
would  appear  to  have  somewhere  in  the  neighborhood  of 
0.20  per  cent  of  AI2O3  on  the  basis  of  Expts.  5  and  6.  In 
the  official  method,  a  known  amount  of  iron  is  added  to  the 
solution  of  the  material  and  a  like  amount  carried  through 
as  a  blank,  which  is  afterward  subtracted  together  with  the 
theoretical  FeP04  equivalent  of  the  iron  in  the  material  as 
separately  determined.  As  the  actual  blank  is  quite  small, 
a  more  satisfactory  procedure  would  lie  in  computing  the 

'  Recommended  by  the  Fertilizer  Division  of  the  American  Chemical 
Society,  Tras  Journal,  7  (1915),  446.  See  Table  I,  Expts.  13  and  14  of  this 
article. 


FePOi  equivalent  of  the  iron  in  the  material  on  the  basis  of 
the  actual  performance  of  the  known  amount  of  iron  in 
the  blank. 


Table  III — Behavior  op  Titaniu: 
(Determinations  made  by  prL-cipitating 
sulfate  as  in  the  official  method.'  except  a 


!  THE  OPPICIAI,  METHOD 

acetic  acid   solution   of  titanic 


nium  hydrog 

P.Os  Added 

Theory 
-MiOjiPiO. 

1 
1 

5 
20 
20 

o  phosphate  precipitant,  as 
TiO.  Found  Calc 
TiOt             on  Basis  of 
Taken             Ti.(PO.). 

G.                      G. 
0.0528              0.0424 
0.0528               0.0422 
0.0528               0.04.56 
0  0528               0.0455 
0.0.^28               0.0485 
0.0528              0  0473 

noted  in  Col 

Error 

G. 
-0.0104 
-0.0106 
-0.0072 
-0.0073 
-0.0043 
-0.0055 

umn  1) 

Per  cent 
-19.7 
-20.1 
-13.6 
-13.8 
-   8.1 
-10.4 

The  data  here  show  that  titanium  consistently  3'ields  low 
values  in  the  phosphate  method,  and  that  when  aluminium 
is  obtained  by  difference  after  a  separate  determination  of 
titanium  and  deduction  as  calculated  Ti3(P04)4,  small  amounts 
of  titanium  will  offset  the  norm.<ilIy  high  values  obtained  for 
aluminium,  as  in  Tables  I  and  II,  while  large  amounts  of 
titanium  will  cause  low  values.  Where  titanium  is  present 
and  ignored,  as  is  usually  the  case,  it  will  of  course  add  to  the 
high  value  obtained  for  aluminium. 

The  data  presented  in  Tables  I,  II,  and  III  demonstrate 
that  values  for  aluminium  which  are  obtained  by  such  meth- 
ods as  that  of  Peters,  and  the  one  recommended  by  the 
Fertilizer  Division  of  the  .American  CHEsncAL  Society 
will  normally  be  high  in  case  more  than  a  few  milligrams  of 
aluminium  are  involved;  that  the  values  will  be  higher  still 
when  iron  is  also  involved,  as  in  the  latter  method;  and  that 
the  values  will  be  lowered  by  titanium  (provided  it  is  con- 
sidered) in  proportion  to  the  amount  present. 

The  degree  of  Bachelor  in  Colour  Chemistry  has  been  created 
at  the  Manchester  College  of  Technology-,  Manchester.  England. 
Dr.  F.  M.  Rowe,  editor  of  the  Colour  Index  now  bein.g  issued  by 
the  Society  of  Dyers  and  Colourists,  who  is  in  charge  of  this 
work,  states  that  students  are  being  encouraged  to  carry  out 
some  of  their  experiments  in  a  miniature  plant,  because  although 
the  dvestuffs  industry  is  now  staffed  to  capacity  with  the  large 
"numbers  who  entered  it  during  the  war.  new  research  workers 
will  be  needed  as  dye  making  develops  in  Great  Britain. 
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Alumina  as  an  Absorbent  for  Water  in  Organic  Combustions' 


By  H.  L.  Fisher,  H.  L.  Faust  and  G.  H.  Walden 

Columbia  Universitv,  New  York,  N.  V. 


IN  1912,  Johnson-  pub- 
lished a  note  on  "Alu- 
mina as  a  Drjnng 
Agent,"  in  which  he  showed 
that  alumina,  prepared  by 
heating  aluminium  hydrox- 
ide in  a  tube  at  a  "low  temperature,"  was  as  efficient  as 
phosphorus  pentoxide  for  drying  purposes.  At  that  time  one 
of  us  was  working  on  some  problems  in  connection  with 
organic  combustions.  Since  aluminium  does  not  form  a  stable 
carbonate,  aluminium  oxide  and  hydro,xide  ought  not  to 
absorb  carbon  dioxide,  and  therefore  the  supposition  was 
made  that  it  should  be  an  excellent  substitute  for  anhydrous 
calcium  chloride  in  the  absorption  train  for  organic  com- 
bustions. Our  work,  which  was  begun  in  1916,  has  proved 
that  this  supposition  is  correct.  In  the  meantime,  two  other 
articles  have  appeared  dealing  with  the  efficiency  of  alu- 
mina' in  ordinarj^  work  as  compared  with  calcium  chloride 
and  other  drying  agents.''  After  the  major  portion  of  our 
work  was  finished,  it  was  found  that  alumina  had  also  been 
used  by  Wesson'  in  the  absorption  train  for  combustions, 
but  only  to  take  up  the  moisture  given  off  from  the  moist 
soda  lime  used  for  absorbing  the  carbon  dioxide  in  deter- 
mining the  carbon  in  the  nitrosite  of  rubber.  The  hydro- 
gen in  this  case  was  not  wanted  and  was  not  detennined, 
concentrated  sulfuric  acid  being  used  simply  to  remove  the 
water  formed  in  the  combustion. 

Preparation  of  the  Alumina 

From  Aluminium  Hydroxide — Ten  grams  of  pure  aluminium 
hydroxide  were  shaken  up  with  2  g.  of  purified  and  ignited  as- 
bestos. The  asbestos  was  added  to  give  greater  porosity.  The 
mixture  was  heated  in  a  7.5  cm.  quartz  dish  over  a  nonhiminous 
flame  5  cm.  high,  for  1.5  hrs.  During  the  first  half-hour  the 
material  lost  .S.lOl  g.,  the  second,  0.068  g.,  and  the  third, 
0.014  g.  On  standing  over  night  in  a  desiccator  containing 
concentrated  sulfuric  acid,  it  gained  0.018  g.  This  mixture 
gave  excellent  results. 

The  aluminium  hydroxide  must  be  free  from  alkali.  When 
mixed  with  neutral  water  it  should  give  only  the  faintest  color 
with  phenolphthalein.*  The  mixture  can  be  used  over  again 
simply  by  heating  it  once  more  under  the  same  conditions. 
It  cannot,  however,  be  reheated  very  often  since  the  asbestos 
soon  crumbles  to  a  powder. 

From  Hvdrated  Aluminium  Chloride — The  alumina  as 
made  by  the  method  just  outlined  tends  to  pack  readily,  and  then 
it  .sometimes  requires  3  to  4  hrs.  for  the  complete  passage  of  the 
carbon  dioxide  through  it.  On  this  account  pumice  was  used 
in  place  of  the  asbestos  and  the  alumina  itself  prepared  in  a  dif- 
ferent way,  as  follows;  50  g.  of  hydrated  aluminium  chloride 
(AlClj.OHjO)  were  dissolved  in  100  cc.  of  warm  water  in  a  11.5- 
cm.  quartz  dish  and  50  cc.  (about  24  g.)  of  12-mesh  pumice 
stirred  in.  It  has  to  be  well  stirred  with  a  stout  glass  rod, 
especially  after  most  of  the  water  has  disappeared,  since  the 
mixture  foams  a  good  deal  and  tends  to  form  a  cake.  The 
particles  of  pumice  should  be  kept  separated  as  much  as  possible. 
The  heating  and  stirring  were  continued  until  there  was  no  danger 
of  later  fusion  of  the  hydrated  salt  and  agglomeration  of  the 
small  lumps  of  impregnated  pumice.  This  material  was  then 
transferred  to  a  7.5-cm.  quartz  dish  and  heated  in  an  electric 

■  Received   July  31,  1922. 

'J.  Am.  Chrm.  Sor..  34  (1912),  911. 

•  Marden  and  Elliott,  Tins  Journai,,  T  (1915),  320;     Dover  and  Mar- 
den.  J.  Am.  Chem.  So...  3t  (1917),   1609. 

'  naitcr  and   Warrrn.  J.  Am.  Chtm.  Soc..  S3   (1911),  340;  Baxter  and 
Starkweather,  ;^irf.,  S8  (11>I«),  2038;  A.  T.  McPhcrson,  Ibid..**  (1917),  1317. 
•Tnis  Journal,  S  (IBM).  461;  9  (1917),  59. 

•  Compare  the  curve  in  article  by  Blum,  J.  Am.  Chrm.  Soc,  35  (1913), 
1 .100. 


In  ihia  paper  the  preparation  of  alumina  is  described  with  special 
reference  to  its  use  in  the  absorption  train  for  organic  combustions, 
its  adoantages  ooer  other  absorption  agents  pointed  out,  and  the 
results  of  several  analyses  given. 


muffle  furnace  to  700°  to 
750°  C.  until  no  more  hydro- 
gen chloride  was  given  off.  A 
higher  temperature  should 
not  be  used  since  alumina 
when  prepared  at  higher 
temperatures  no  longer  ab- 
sorbs water.'  The  time  of  heating  can  be  shortened  to  30 
to  45  min.  if  a  stream  of  air  is  blown  or  drawn  through  the 
heating  chamber  to  remove  the  gaseous  products.  At  the  end 
of  the  heating  the  dish  was  allowed  to  cool  in  a  desiccator  that 
had  no  drying  agent  in  it.  If  the  heating  is  too  long  or  too  high 
the  alumina  will  no  longer  cling  to  the  pumice,  but  will  drop 
off  as  a  fine  powder.  It  will  do  this  to  some  extent  under  any 
conditions. 

Aluahna  as  a  Drying  Agent 

According  to  Johnson'  the  alumina  is  an  excellent  dry- 
ing agent  up  to  the  time  that  it  has  absorbed  about  18  per 
cent  of  its  weight  of  water  at  the  ordinary  temperature. 
Fifty  grams  of  hydrated  aluminium  chloride  theoretically 
yield  about  10.7  g.  of  aluminium  oxide,  and  tlus  amount 
ought  to  absorb  about  1 .  02  g.  of  water  under  ideal  conditions. 
If  we  consider  the  average  organic  substance  as  containing 
about  5  per  cent  of  hydrogen,  then  a  0.2  g.  sample  will 
yield  approximately  0.09  g.  of  water,  and  on  this  basis  the 
aluminium  oxide  theoretically  ought  to  suffice  for  21  com- 
bustions. In  practice  we  have  not  used  the  mixture  for 
more  than  4  to  5  combustions. 

Since  alumina  is  as  efficient  a  drying  agent  as  phosphorus 
pentoxide,  it  must  be  handled  accordingly,  even  though 
it  gives  no  outward  change  in  appearance  when  absorbing 
moisture. 

The  material  was  tested  out  in  a  practical  way  for  ab- 
sorbing the  water  formed  in  the  combustion  of  several  or- 
ganic substances.  The  oxygen  for  the  combustions  was 
purified  by  passing  it  through  a  preheater  followed  by  soda 
lime  and  alumina.  Blank  determinations  were  run  in  each 
case  and  excellent  cheeks  obtained  before  the  substance 
itself  was  burned.  The  carbon  dioxide  was  absorbed  by 
soda  hme  and  this  was  followed  by  a  second  lot  of  the  alumina 
in  order  to  insure  the  complete  absorption  of  the  moisture 
from  the  soda  lime.  Anthracene  was  chosen  for  the  first 
trials  on  account  of  its  high  carbon  content.  The  theoretical 
percentage  of  hydrogen  in  anthracene  is  5.C6,  and  the  first 
three  r&sults  were  5.55,  5.61,  and  5.49  per  cent.  Further 
results  on  tliis  and  other  substances  are  given  below: 


Substance 

Formula 

HydroRcn 
Per  cent 

Carbon 
Per  ctnt 

Remarks 

Anthracene 

Ci.Hio 

Calcd. 

5.66 

94.34 

Found 

5.71 

5.57 
5.53 

94.17 

94.36) 
94.12) 

Alumina  -  asbes- 
tos used 

Alumina  -  pumice 
used 

Salicylic  acid 

CtH.Oi 

Calcd. 

4.38 

60.84 

Found 

4.47 
4.38 

60.77  1 
60.82  ) 

All 

imina  -  pumice 
used 

Cane  sugar 

CuHmOm 

Calcd. 

6.46 

42.09 

Found 

6.48 
6.46 

42.0.'i  ) 
42.14) 

All 

imina  -  asbes- 
tos used 

The  advantages  of  alumina  over  other  absorption  agents 
in  organic  combustions  are  as  follows: 

Concentrated  Sulfuric  Acid — -The  alumina  is  a  solid 
and  therefore  it  is  easier  to  handle,  and  it  offers  much  less  re- 
sistance to  the  passage  of  the  gases.  Furthermore,  less  weight 
can  be  used. 


^  Dammer,  "Handbuch  der  anorganischen  Che 


'  S  (1893),  89. 
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Calcium  Chloridr — (1)  The  alumina  mixed  with  the 
abestos  or  the  pumice  exposes  a  greater  surface.  (2) 
The  same  bulk  weighs  less.  (,'5)  When  it  has  absorbed  water 
it  does  not  form  crystalline  hydrates  which  "freeze"  to  the 
walls  of  the  absorption  bottle.     (4)   It  contains  no  basic  sub- 


stances which  introduce  an  inconstant  error,  and  therefore  it 
need  not  be  saturated  with  carbon  dioxide  before  using. 

Phosphorus  I'hntoxidh— The  alumina  becomes  a  hydrox- 
ide of  aluminium,  which  is  a  solid  and  therefore  docs  not 
clog  the  a|)paratus  as  docs  the  phosphoric  acid  formed  from 
phosphorus  pentoxide. 


A  Rapid  Meth(xl  of  Analysis  for  Dolomite  and  Magnesian 

Limestone' 


KSNTUCKV  Ac 


By  S.  D.  Averitt 

R.M.    KXPBRIUBNT  STATION.   LKXINOTON.   Ky. 


IN  THE  analysis  of  dolomite  and  magnesian  limestone 
for  agricultural  and  commercial  uses,  a  quick,  easy,  and 
fairly  accurate  method  of  finding  the  amount  of  calcium 
carbonate  and  magnesium  carbonate  present  is  very  desirable. 

In  this  paper  is  given  an  indirect  method  which  meets 
those  requirements  and  seems  to  be  generally  applicable 
to  that  class  of  stones.  The  functions  concerned  are:  (1) 
neutralizing  power  of  the  stone  as  calcium  carbonate.  A; 
(2)  insoluble  residue  and  ammonium  precipitate,  B;  (3) 
moisture,  M.  It  does  not  involve  the  determiijation  of 
either  calcium  or  magnesium,  and  is  fully  as  accurate  and 
somewhat  shorter  than  the  usual  differential  method,  which, 
in  addition  to  the  neutralizing  power  as  calcium  carbonate, 
requires  the  actual  determination  of  calcium. 

In  the  following  table  a  summarization  is  given  of  the  data 
obtained  on  20  representative  samples  of  magnesian  lime- 
stones and  dolomites: 


Table  I 

. MgCOs . 

. CaCOi . 

Differen- 

Differen- 

No. 

Indirect 

tial 

Indirect 

tial 

A 

^B  +  M'^ 

I 

35.80 

35.70 

48.80 

48.80 

91.30 

15.2 

0.20 

2 

8.99 

8.85 

87.68 

87.82 

98.35 

3.26 

0.07 

3 

31.80 

31.88 

63.26 

63.05 

101.00 

4.92 

0.02 

4 

33.76 

33.64 

57.28 

57.30 

97.35 

8.84 

0  12 

5 

38.80 

38.60 

49.95 

50.00 

96.00 

11.18 

0.07 

6 

34.50 

34.50 

56.40 

56.30 

97.40 

8.94 

0.11 

7 

40.70 

40.60 

56.50 

56.50 

104.80 

2.74 

0.06 

8 

34.80 

34. 8» 

50.10 

50.04 

91.40 

14.9 

0.20 

9 

42.30 

42.00 

54.80 

55.04 

105.00 

2.84 

0  06 

10 

5,08 

5.04 

89.60 

89.60 

95.60 

5.28 

0.07 

11 

35.30 

35.40 

62.30 

62.05 

104.20 

2.32 

0.08 

12 

26.50 

26.40 

70.05 

70.06 

101.50 

3.40 

0.05 

13 

33.70 

33.50 

59.60 

59.70 

99.60 

6.62 

0.08 

14 

39.05 

38.90 

49.85 

49  90 

96.20 

10.90 

0.20 

15 

35.80 

36.20 

54.60 

54.04 

97.10 

9.48 

0.12 

16 

5.10 

5.04 

92.05 

92.10 

98.10 

2.80 

0.05 

17 

41.50 

41.40 

55.25 

55.25 

104.50 

3.20 

0.05 

18 

3.20 

3.20 

89.50 

89.50 

93.30 

7.22 

0.08 

19 

11.80 

11.70 

79.90 

80.00 

93.90 

8.24 

0.06 

20 

38.00 

37.80 

60.50 

60.55 

105.60 

1.46 

0.04 

' 

Assumed 

except  in 

Nos.  2,  3, 

and  4. 

The  figures  for  MgCOa  in  the  column  marked  "Indirect" 
were  calculated  from  the  equation: 

[a  -  (lOO  -  (B  +  M) jj  5.35  =  MgCO, 

which  expresses  the  relation  of  magnesium  carbonate  (MgCOa) 
to  the  neutralizing  power  of  the  stone  as  calcium  carbonate, 
the  insoluble  residue  and  ammonium  precipitate,  and  moisture 
in  dolomite  and  magnesian  limestone. 

The  factor  5.35  is  derived  as  follows:  Taking  as  known 
quantities  o  =  2.274  and  6=1.916,  the  factors  for  converting 
CO2  into  CaCOs  and  MgCOs,  respectively,  and  taking  as 
unknown  quantities,  X  representing  the  percentage  of  total 
COj  in  the  sample  combined  as  CaCOs  and  Y  representing 

•  Received  September  21,  1921.  Accepted  October  7,  1922.  Pre- 
sented before  ttie  Lexington  Section  of  the  American  Chemical  Society, 
December  15,  1920. 


the  percentage  combined  as  MgCOj,  we  may  write  the  follow- 
ing equations: 

aX  -t-  6Y  =  100- (B  -f  M)  (1) 

oX  -f  aY  =  A  (2) 

Solving  for  Y  and  getting  BY(MgCOa)  we  have 
'100  -  (B-|-M)> 


iY 


[-(■■ 


a-b 


■')]' 


(3) 


Substituting  for  BY,  MgCOa,  and  for  — -  its  value  5.35,  we 

a—b 

have 

Ta  -  (lOO  -  (B  +  M))l5.35  =  MgCO,  (4) 

Using  Equation  4  in  connection  with  the  following  equation: 

100  Per  cent-  (B  +M)=  Per  cent  CaCO,  -|-  Per  cent  MgCO,  (5) 

which  is  self-evident,  the  percentage  of  calcium  carbonate 
(CaCOs)  and  magnesium  carbonate  (MgCOa)  in  the  sample 
can  be  readily  calculated. 

A  comparison  of  the  figures  in  Table  I  for  calcium  car- 
bonate (CaCOs)  and  magnesium  carbonate  (MgCO,)  by  the 
indirect  and  the  differential  methods  shows  that  they  are  of 
about  equal  accuracy.  In  connection  with  this  statement 
it  should  be  noted  that  the  calcium  carbonate  in  the 
column  marked  "Differential"  was  actually  determined. 
The  method  here  given  has  been  checked  against  the  differ- 
ential method  on  more  than  .50  samples  of  magnesian  lime- 
stone containing  from  3.2  per  cent  to  42.8  per  cent  MgCOj 
and  of  varying  degrees  of  impurity.  The  maximum  differ- 
ence was  0.5  per  cent  MgCOj.  The  average  was  slightly 
more  than  0.1  per  cent.  This  shows  as  close  agreement  as 
could  be  expected,  and  indicates  a  reasonably  wide  appli- 
cabihty  of  the  method. 

Details  of  the  Experimental  Procedure 

One-half  gram  of  finely  ground  stone  is  put  into  a  wide- 
mouth  flask  of  100-  to  150-cc.  capacity  and  25  cc.  0.5  A^  HCl 
added,  and  the  sides  of  the  flask  washed  down  with  a  little 
water.  It  is  then  boiled  gently  5  or  lOmin.,  or  until  decom- 
position of  CaCOs  and  MgCOs  is  complete.  Enough  hot 
water  to  maintain  or  slightly  increase  the  volume  is  used 
once  or  twice  during  the  boiling  to  wash  down  the  sides  of 
the  flask.  The  solution  is  then  cooled  and  the  excess  acid 
neutralized  with  0.25  N  NaOH,  a  small  drop  of  methyl 
orange  being  used  as  the  indicator,  and  the  first  change  from 
pink  to  yellowish  is  taken  as  the  end-point.  Note  exactly 
the  volume  of  0.25  A^  NaOH  required  to  neutralize  the  excess 
acid.  To  the  solution  add  10  cc.  of  10  per  cent  NH,C1 
solution  and  two  drops  of  ammonia,  heat  gently  until  the 
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ammonia  precipitate  flocculates.  P'ilter  the  precipitate  and 
insoluble  residue  on  a  washed,  dried,  and  weighed  filter; 
wash  thoroughly  with  hot  water,  dry  at  100°  to  105°  C,  and 
weigh.  The  difference  is  the  weight  of  insoluble  residue  and 
ammonia  precipitate. 

To  the  jiercentage  of  insoluble  residue  and  ammonia  pre- 
cipitate a  small  correction  for  moisture,  M,  must  be  added. 
Tliis  correction  is  from  0.02  to  0.05  per  cent  for  pure  stones, 
up  to  0.15  per  cent  and  even  0.20  per  cent  for  those  con- 
taining considerable  amounts  of  insoluble  residue. 

A  clayey  insoluble  residue  contains  more  moisture  than  a 
sandy  one,  and  its  character  should  be  noted  as  a  guide  to 
the  worker  in_the  assumption  of  moisture  correction. 


From  the  titration  calculate  the  calcium  carbonate  (CaCOs) 
equivalent  of  the  acid  neutralized  by  the  stone,  as  per  cent 
CaCOj,  A.  The  percentage  of  insoluble  residue  and  am- 
monia precipitate,  B,  having  been  determined,  and  the 
moisture,  M,  assumed,-  we  are  able  to  use  Equations  4  and 
5  as  stated  above. 

The  moisture  was  determined  on  the  samples  in  Table  I 
subsequent  to  the  assumptions,  except  in  Nos.  2,  3,  and  4 
as  noted,  and  in  no  case  was  the  difference  more  than  0.03 
per  cent  and  in  a  large  majority  only  0.01  and  0.02  per  cent, 
from  which  it  is  e\'ident  that,  with  due  regard  to  the  character 
of  the  insoluble  residue,  tlie  moisture  may  be  assumed  with- 
out material  error. 


Colloiding  Agents  for  Nitrocellulose' 

By  Tenney  L.  Davis 

Massachlsbtts  Institute  op  Tbchnoi.ocy,  Cambridgs,  Mass. 


WHEN  coUoided 
straight  nitrocel- 
lulose powder  is 
exposed  to  a  moist  atmos- 
phere, it  takes  up  moisture 
for  two  reasons,  because  of 
the  hygroscopicity  of  the 
colloid  itself  and  because 
of  the  considerable  hygro- 
scopicity of  the  ether-alco- 
hol that  is  still  retained  in 
the  material  of  the  powder 

grain.  Since  the  moisture  so  taken  up  impairs  the  ballistic 
properties  of  the  powder,  a  study  of  the  mechanism  of  the 
process  by  which  it  is  absorbed  and  of  the  means  by  which 
that  process  may  be  regulated  or  prevented  is  of  obvious 
interest. 

We  have  shown'  that  the  absorption  of  moisture  by  col- 
loided  straight  nitrocellulose  powder  produces  precipitation 
of  the  nitrocellulose  and  is  accompanied  by  the  production 
of  minute  cracks  or  pores  in  the  surface  of  the  grain.  If 
the  powder,  after  exposure  to  moisture,  is  now  desiccated, 
the  moisture  held  in  these  cracks  by  capillary  action  is  driven 
off,  the  cracks  give  access  to  the  residual  ether-alcohol  in 
the  interior  of  the  grain  and  some  of  tliis  is  also  driven  off, 
with  the  result  that  the  desiccation  of  the  pwwder  actually 
drives  off  more  volatile  matter  than  the  pwwder  had  taken 
up  during  its  exposure  to  the  moist  atmosphere.  By  re- 
[jeated  exjxjsure  to  moistiu-e  and  subsequent  desiccation,  the 
jwwder  soon  reaches  a  condition  of  being  perfectly  porous; 
it  no  longer  contains  any  etlier-alcohol,  and  the  gains  and 
losses  on  successive  exposures  and  dryings  are  equal.  The 
amount  of  moisture  which  the  powder  now  takes  up  is  a 
measure  of  the  true  hygroscopicity  of  the  ether-alcohol- 
free  material  of  the  iiowder  grain,  and,  naturally,  is  consider- 
ably less  than  would  be  taken  up  under  similar  conditions  by 
the  original  powder  grain. 

In  certain  coated  or  progressive  burning  powders,  the  ex- 
terior of  tlie  grain  has  been  toughened  and  slowed  down  in 
its  rate  of  burning  by  treatment  with  some  colloiding  agent. 

'  Received  June  28.  1922. 

'  This  investigation  was  carried  out  in  connection  with  a  contract  be- 
tween the  Ordnance  Department  and  the  Massachu.<ictts  Institute  of  Tech- 
nology.  and  the  present  paper  is  published  by  permission  of  the  Chief  of 
Ordnance.     The  author  was  assisted  in  this  work  by  Spencer  W.  Prentiss 

»  Army  Ordnance,  II,  9.     July-August  1921. 


Certain  nonvolatile  solvents  for  nitrocellulose,  either  incorporated 
throughout  the  mass  of  the  grain  or  applied  to  the  exterior  as  a  sur- 
face coating,  are  used  in  the  manufacture  of  colloided  smokeless 
powder.  Their  oalue  lies  in  the  fact  that  they  reduce  the  amount 
of  volatile  solvent  needed  in  the  manufacture,  and  that  they  influence 
the  rate  of  burning  of  the  finished  powder  and  determine  its  attitude 
toward  moisture.  The  present  paper  is  a  report  of  a  study  of  the 
solvent  action  of  a  number  of  ureas,  urethanes,  and  sebacic  and 
phthallic  esters.  Results  are  such  as  to  permit  inferences  regarding 
the  relation  between  structure  and  solvent  action. 


Centralite,  or  sj/m-dimethyl 
diphenylurea,  has  been 
much  used  for  the  purpose. 
Suitable  colloiding  agents 
are  nonvolatile  or  high-boil- 
ing substances,  they  are 
nonhygroscopic  and  capa- 
ble of  forming  with  the  sur- 
face of  the  powder  grain  a 
skin  of  reduced  hygrosco- 
picity which  protects  the 
ether-alcohol  of  the  interior 
of  the  grain  from  taking  up  the  moisture  which  it  would 
otherwise  attract. 

In  a  study  of  coated  powders  it  has  seemed  proper  to  de- 
termine the  amount  of  the  various  colloiding  agents  neces- 
sary for  the  complete  gelatinization  of  a  given  amount  of 
nitrocellulose.  The  results  are  such  as  to  permit  certain 
generalizations  concerning  the  relation  of  the  structure  of 
the  organic  compound  to  its  solvent  action  for  nitrocellu- 
lose. We  find  also — a  fact  which  does  no't  seem  to  have  been 
noted  heretofore — that  the  amount  of  the  colloiding  agent 
necessarj'  for  complete  gelatinization  is  in  general  different 
when  different  solvents  are  used  for  appljing  it  to  the  nitro- 
cellulose. 

Discussion  of  Experiments 

The  experimental  procedure  was  one  suggested  by  Marius 
Marque3Tol,*  Inspector  General  of  Powders  of  France,  who  has 
used  it,  with  alcohol,  for  studying  tlie  action  of  a  large  number 
of  colloiding  agents  on  the  soluble  and  insoluble  nitrocotton 
that  are  used  by  the  French  for  the  manufacture  of  smokeless 
powder.  We  have  worked  in  general  with  different  colloid- 
ing agents  and  have  studied  the  pyrocellidoxc  which  is  stand- 
ard for  United  States  powder — a  nitrocellulose  containing 
12.00  per  cent  nitrogen  and  completely  soluble  in  ether- 
alcohol.  When  we  have  worked  with  the  same  materials, 
our  results  have  been  in  close  agreement  with  tho.se  of  M. 
MarquejTol  for  soluble  nitrocotton. 

Half-gram  samples  of  dry  finely  pulped  pyrocellulose 
were  weighed  into  30-cc.  beakers,  and  to  each  sample  a  known 
weight  of  the  colloiding  agent  previously  dissolved  in  an 
appropriate  amount  of  solvent  (15  to  30  cc.)  was  added. 

•  Recently  published,  Marqueyrol  et  Florentin,  Mimorial  des  Poudres, 
18  (1921).  ISO,  163.     These  investigators  worked  at  35°  C. 
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The  beakers  were  then  suspended  in  a  specially  constructed  if  applied  in  honzonc  solution,  and  i.s  It-ss  than  if  ajjplicl  in 

■water  bath  which  was  maintained  at  60°  C,  and  the  solvent  liRniiii  soliMioii. 

was  evaporated  off.     Durinf?  tlie  evaporation  each  beaker  Of  the  alkyhitcd  ureas,  those  in  which  there  in  only  one 

was  covered  with  a  watch  glass  supported  on  pieces  of  bent  alkyl  uroup  or  in  which  two  alkyl  Rroups  are  unsymmntri- 

glass  rod.     It  was  noticed  that  the  amount  of  apparent  cally  dispo.sed  appear  to  be  witimut  action  on  pyrocciiuloHe. 

gelatinization    increased    rapidly    during    the    evaporation  Alkylated  ureas  in  which  two  alkyl  groups  arc  syniinetri- 

of  the  last  portions  of  the  solvent,  and  that  it  was  increased  cally  substituted  are  excellent  solvents,  and  the  proj^rty 

still  further  by  continued  heating  for  ten  minutes  or  so  after  remains  even  if  other  aliphatic  or  aromatic  groups  arc  oub- 

all   the  solvent   had   disappeared.    After   the   evaporation,  stituted  in  the  molecule.    The  heavier  the  alkyl  groups,  the 

the  contents  of  the  beakers  were  examined  carefully;   some  greater  appears  to  be  the  gelatinizing  [wwer. 

were  found  to  be  gelatinized,  some  not.    Other  samples  were  Of  the  aromatic  substituted  ureas,  tho.se  in  which  there 

then  weighed  out  and  evaporated,  with  varying  amounts  of  areless  than  three  aromatic  groups  appear  to  bewithout  action, 

the  coUoiding  agent  intermediate  between  the  amount  which  In  the  case  of  tiie  alkyl  esters  of  sebacic  and  |)hthallic  aeidB, 

just  produced  complete  gelatinization  and  the  amount  which  the  heavier  the  alkyl  group  the  better,  in  general,  appears 

jus'  failed  to  do  so,  until  the  amount  necessary  for  the  com-  to  be  the  gelatinizing  action. 

plete  gelatinization  of  half  a  gram  of  pyrocellulose  had  been  .tVlkyI  esters  of  aliphatic  and  of  aromatic  substituted  car- 
determined  to  the  nearest  tenth  of  a  gram,  and  in  a  few  cases  bamic  acid  are  excellent  solvents,  while  the  aromatic  esters 
nearer  than  that.  appear  to  be  without  action  unless  the  total  number  of  arc- 
Results,  as  reported,  for  the  amount  of  coUoiding  agent  matic  groups  is  equal  to  three, 
necessary  for  the  complete  gelatinizing  of  100  parts  liy  weight 

of  pyrocellulose,  are  therefore  accurate  to  the  nearest  ten  ^^^~^^~^~' 

parts  plus  or  minus.    It  is  believed  that  this  degree  of  pre-  Directory  of  Societies  for  Chemists 

cision  is  sufficiently  high  for  ordinary  purposes.     If  greater  ^  directory  of  the  names  and  addresses  of  the  secretaries  of 

precision  is  needed,  the  experimental  procedure  that  we  have  the  leading  chemical  societies,  and  other  organizations  bordering 

used  will  undoubtedly  be  adequate.  thereon,  is  given  below  in  the  hope  of  meeting  the  needs  of  those 

The  first  series  of  experiments  was  carried  out  with  the  desiring  such  information: 

coUoiding  agent  dissolved  in  alcohol.      In  cases  where  SUffi-  American  Ceramic  Society:  Ross  C.  Purdy,  Ohio  Sutc  University, 

cient  of  the  material  was  available  and  where  the  material  Coiumbus,  Ohio. 

,    11      .      V                        J    1'        '                   ■          i                    1  American  CiiBMtCAi.  Society:  Charles  L.  Parsons,  1709  G  St.,  N.  W., 

was  soluble  m  benzene  and  ligrom,  expermients  were  also  „,,.•.„„ 

.                      -11                 1                 o           7         r  Washington,  U.  C 

carried  out  with  these  solvents.  American  Electrochemicai.  society:  Colin  G.  Fink,  ColumbU  Uoi- 

In  the  case  of  the  liquid  coUoiding  agents  an  excess  of  the  versity,  New  York,  n.  y. 

material  simply  produced  a  softer  and  softer  jeUy.      In  the  American  institute  of  Chemicai.  Engineers:  John  C.  Olsen,  Poly. 

case  of  the  solids  definite  proportions  appeared  to  be  necessary  '"''^mer"  A^'iNsnTu^rorPERTiu^ER  chemists:  w.  j.  Gascoy^e,  jr., 

for  the  production  of  a  homogeneous  mass;    if  insufficient  27  So.  Gay  St.,  Baltimore,  Md. 

was   taken,    part   of   the   nitroceUulose   remained   unaffected;  American    leather   Chemists  Association:   H.  C.  Reed,   22  East 

if  an  excess  was  used,  the  excess  appeared  to  be  deposited  i^""  ^t.,  xew  York,  n.  y. 

,                           J     i_                J  J-  I        i           I            i          tu  41  «  American  Oil  Chemists  Society:  Thomas  B.  Caldwell,  Law  Sr  Co., 

as  such,  as  a  second  phase,  and  did  not  amalgamate  with  the  „,.,   .    ,      „  „ 

'    ,               „    -j^           '  WUmington,  N.  C. 

mtroceilulose  COUOia.  American  Pharmaceutical  Association:  H.  V.  Arny,  115  West  68th 

The  results  are  tabulated  below.  ^'  •  aI^hTcIn  SocTety  of   biological  Chemists:  Victor  C.  Myers.  308 

Parts  of  Colloiding  Agent  Necessary  for  the  Complete  Gblatiniza-  East  20th  St.,  New  York,  N.  Y. 

TioN  of  100  Parts  by  Weight  of  Pyrocellulose  American  Society  op  Textile  Chemists  and  Colorists:  W.  E.  Had- 

IN                  In                In  ley,  Clark  Thread  Co..  Newark,  N.  J. 

Alco-           Ben-          Lig-  American  Waterworks  Association:  John  M.  Divers,  153  West  71st 

Substance                              hol            zene          roin  gt    N       Y    k  N  Y 

EthylSeneurea  ;.•.•.■.■.  l ! ! ! !  l !  1 1  i ! ! !  l ! . .       No  IctloS  :^'th  Iw  IVrll  "  A'sTocirTioN   of   Official  AoRicm-TtiBAL   Chemists:  R.  W.  Baleon.. 

Sym-dimethylurea 60                 70                ...  Box  290,  Penn.  Ave.  Station,  Washington,  D.  C. 

Sym-diethylurea SO                ^,u  ,nn  r..!^'^  Technical  Association  OF  the  Pulp  and  Paper  I.ndcstrv:  W.  G. 

£/«jvm-diethvlurea     No  action  with  100  parts  _          ,      ^      *t       ..r     .     *t   tr 

Teuiraethylirea     ..;;....... ; 80                  ...               ...  MacNaughton,  18  East  41st  St.,  New  York.  N.  Y. 

Benzylurea No  action  with  100  parts  

5ym-diphenylurea No  action  with  100  parts 

Sym-ditolyl  (i>,p')urea No  action  with  100  parts  ,         t    «                ■          i    /-.i         •          tt 

t/ns.vm-diphenyiurea No  action  with  100  parts  ^u  Informational  Clearing  House 

Triphenylurea 35                ...  _ 

a.a-Diphenyl-i)-tolylurea .       40             ...  -^ovi  many  research  chemists  and  chemical  engineers  know  of 

Tetraphenylnrea ^thfeolxir^            ' ' '  the  existence  and  uses  of  the  Research  luformation  Ser\-ice  of  the 

Ethyltriphenylurea 80             ...              ...  National    Research    Council    at    Washington?     DoubUess    the 

Sym-dimethyldiphenylurea 70              26             ...  percentage  is  low  because  service  ordinarily  is  given  free  of  charge 

lymllffl", phen^'teei  •.•.■.::;::::::::      lo              lo             : : :  and  there  consequenUy  has  been  little  money  to  invest  in  pub- 

l/nsym-dimethyldiphenylurea 60                 ...                  ...  licity.                                                                                          •         ,         j      j         r 

Carbamic  acid  ethyl  ester 140                  80                ...  Research   Information    Service   is   answenng   hundreds   ot    re- 
Methyl  carbamic  acid  ethyl  ester 90               60              ...  Quests    from    investigators,    inventors,    and    industrialists.     It 

?£^^  .r?ar?"mic^addlSresSr-.-. l !  i ! !  i      lo              9^             ! !  ]  ^eeks  wider  usefulness.     If  you  have  tried  it  and  have  found  it 

Phenyl  carbamic  acid  phenyl  ester No  action  with  200  parts  valuable  bv  all  means  pass  along  the  good  word  to  your  associates 

Phenyl  carbamic  acid  benzyl  ester       ....        No  action  with  100  parts  continue  to  use  the  clearing  house  yourself. 

STtt^slSrcate""  ^"^  "'"^.'."'"V.-: ;      80              70             i65  For  inquiries  that  do  not  demand  special  informaUonal  search 

Ethyl  sebacate 80              50              90  or  preparation  of  reports,  no  charge  is  made.     Over  90  per  cent  of 

If  »»y'  ^^bacate 70              95              90  requests  are  of  this  sort.     If  the  work  cannot  be  done  free  of 

Ethyl^ihthaulte    .  .•; ! ! ! ! !  l !  i !  i  1 1 !  i  1 1 !      11              50             100  charge,  an  estimate  of  cost  is  furnished  and  the  Ser^^ce  awaits 

Isoamyl  phthallate 9o                  50                  80  instructions.                                                                         ,             .           _■      , 

DNXoU 120             130             JJU  The  Research  Information  Semce  may  not  have  the  particular 

information  which  you  need,  but  the  chances  are  that  it  can  refer 

Conclusions  ,,„„  to  promising  sources,     if  you  are  in  touch  wnth  the  Ser\ice. 

by  aU  means  use  it  to  the  utmost.     If  not,  write  for  particiJars 

In  general,  the  amount  of  coUoidmg  agent  necessary  lor  ^^^^^  j^  ^^^  j^^  ^.^^e  ^^  ^^11  of  your  informational  needs.     The 

the  complete  gelatinization  of  pyrocellulose  is  greater  if   the  proper    address    is    Research    Information    Ser^nce,    National 

substance  is  applied  by  means  of  its  solution  in  alcohol  than  Research  CouncU,  Washington,  D.  C. 
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Photosynthesis  and  the  Possible  Use  of  Solar  Energy' 

By  H.  A.  Spoehr 
Carnbcib  Institution  op  Washington,  Coastai*  Laboratory,  Carubl.  Calip. 


The  purpose  of  the  following  brief  outline  is  to  show  that  while 
the  pholosynlhetic  process  of  the  plant  is  at  present  the  only  means 
we  have  of  utilizing  solar  energy,  this  method  is  so  oery  inefficient 
and  subject  to  such  great  uncertainties  that  it  is  exceedingly  doubtful 
whether  it  can  be  depended  upon  to  maintain  our  energy  require- 
ments. In  other  words,  our  civilization  is  using  energy  at  a  pro- 
digious rale,  and  we  would  be  depending  upon  the  exceedingly 
inefficient  and  slow  process  of  photosynthesis  to  supplant  the  sup- 
plies which  have  been  stored  for  centuries  and  are  now  being  de- 
pleted. Add  to  this,  that  in  order  to  supply  food  for  our  increasing 
population,  no  encroachment  on  agricultural  industry  would  be 
permissible.  Theoretical  speculations  of  the  nature  of  what  might 
be  accomplished  if.  for  instance,  all  the  arable  land  were  cultivated. 


are  of  no  consequence  to  the  problem.  Conditions,  economic  and 
social,  must  be  faced  as  they  exist.  The  inertia  of  our  civilization 
is  such  that  great  changes  are  induced  only  by  the  labored  move- 
ments of  evolution  or  by  catastrophe.  What  part,  then,  can  science 
and  engineering  play  in  the  solution  of  this  problem? 

First  of  all,  it  is  the  function  of  scientists  to  exercise  foresight 
in  matters  regarding  the  material  welfare  of  humanity.  The  experi- 
ences of  the  various  scientific  bodies  called  together  to  cope  with  the 
many  problems  incident  to  the  war,  concur  in  the  conclusion  that 
eery  rarely  is  necessity  the  parent  of  invention  where  difficult  and 
highly  complex  problems  are  concerned.  So  for  this  worl(  there 
will  be  required  an  enormous  amount  of  patient  labor,  which  natu- 
rally should  be  begun  long  before  the  situation  becomes  acute. 


IT  HAS  frequently  been  said  of  our  earth  that  there  are  no 
exports  and  no  imports  aside  from  occasional  meteorites. 
Thi=  is  true  as  far  as  matter  is  concerned,  but  it  is  not  true 
when  energy  is  considered.  Matter  and  energj'  are  the  two 
fundamental  entities  in  our  conceptions  of  all  physical  phenom- 
ena. As  scientific  thought  progresses,  ever-increasing  attention 
is  being  given  to  the  paramount  importance  of  energy  relations 
in  the  interpretation  of  natural  phenomena.  Matter  is  of  interest 
to  us  largely  in  so  far  as  it  exhibits  certain  properties  and  under- 
goes definite  changes.  In  viewing  the  common  materials  upon 
which  we  depend  for  the  maintenance  and  propagation  of  life, 
it  is  evident  that  we  are  less  interested  in  the  matter  as  such  than 
its  ability  to  undergo  certain  changes  which  contribute  in  one  way 
or  another  to  our  life  activities.  From  this  practical  viewpoint, 
knowledge  of  the  composition  of  coal,  iron  ore,  sugar,  etc.,  has  its 
ultimate  interest  in  guiding  us  in  the  application  of  such  ma- 
terials to  the  manifold  needs  of  our  complicated  physical  and 
physiological  economy. 

The  eminent  physicist  Boltzmann  pointed  out  in  his  classical 
exposition  of  the  second  law  of  thermodynamics  that  the  struggle 
for  existence  is  essentially  not  a  fight  for  the  raw  materials  that 
are  abundant  in  earth,  sky  and  sea,  nor  for  the  energies  as  such, 
but  for  the  potential  energies  as  in  coal,  sugar,  and  meat.  Thus 
energetics  commands  the  center  of  attention  in  the  consideration 
of  the  chemical  phenomena  exhibited  by  the  various  forms  of 
matter,  and  matter  is  but  a  medium  for  the  manifestation  of 
energy. 

If  our  earth  were  an  isolated  system  in  which  there  were  no 
imports  and  no  exports,  our  state  of  affairs  would  be  very  differ- 
ent from  that  which  now  presents  itself  to  us.  According  to 
our  experience,  formulated  in  the  laws  of  thermodynamics,  in 
all  naturally  occurring  transformations  there  is  a  tendency  to 
arrive  at  a  condition  of  stable  equilibrium.  Thus,  the  sub- 
stances on  the  earth  are  constantly  tending  to  arrive  at  a  condition 
of  greatest  entropy,  meaning  "rundownness."  Most  of  the 
metals,  for  instance,  are  oxidized  to  their  most  stable  oxides  and 
converted  into  other  compounds  which  under  existing  conditions 
are  extremely  stable.  Our  ores  are  those  stable  oxides  or  salts. 
Although  this  condition  has  not  licen  uniformly  attained  in  the 
earth,  while  there  are  still,  for  example,  natural  deposits  of  me- 
tallic copper  and  silver,  yet,  unquestionably  that  is  the  direction 
in  which  the  chemical  changes  are  proceeding. 

Now  most  of  these  substances,  before  they  can  be  made  use  of, 
require  certain  chemical  changes  which  are  a  reversal  of  the 
>  Received  October  19,  1S22. 


naturally  occurring  ones.  The  ores,  oxides  or  salts  of  the  metals, 
must  be  reduced  to  the  elemental  metals.  This,  of  course,  is 
the  reversal  of  the  processes  occurring  in  nature,  and  to  accom- 
plish such  a  reversal  work  must  be  done,  energy  must  be  supplied. 

If,  then,  the  tendency  is  to  attain  the  dead  level — this  state 
of  equilibrium  on  our  earth — what  are  the  agencies  or  sources  of 
energy  that  counteract  this  tendency  and  make  possible  the 
reverse  reaction,  the  pumping  of  water  up-hill,  as  it  were? 

In  searching  for  such  possible  sources  of  energy  which  might 
serve  this  purpose,  we  find  that  a  little  heat  is  probably  given  to 
the  surface  of  the  earth  from  the  interior,  another  very  small 
amount  is  the  result  of  certain  radioactive  chemical  changes, 
the  action  of  the  tides  contributes  some,  and  a  further  amount  is 
received  from  radiation  from  the  stars  and  moon.  But  these 
amounts  are  quite  inadequate  and  insignificant  when  com- 
pared with  the  primal  source  of  our  energy,  the  sun.  The 
radiations  from  the  sun  constitute  our  main  source  of  energy. 
This  is  our  main  and  most  consequential  import,  the  only  potent 
factor  which  counteracts  the  tendency  of  complete  running  down. 
It  is  important  not  only  in  such  reactions  as  the  smelting  of  ores, 
but  equally  to  the  life  on  the  planet. 

All  living  things  on  the  earth  demand  for  their  maintenance 
and  propagation  a  continuous  supply  of  energy.  The  immediate 
source  of  this  energj-  for  living  things  is  derived  from  food.  All 
animals,  including  man,  are  fundamentally  dependent  upon 
plants  for  their  food.  Just  as  the  herbivorous  land  animals  are 
the  source  of  food  of  the  carnivorae,  the  diatoms  are  the  funda- 
mental source  of  food  of  the  sea.  The  object  of  agriculture  is 
essentially  to  provide  man  with  such  materials  from  which  he  is 
able  to  derive  the  energy  necessary  for  the  maintenance  of  his 
bodily  activities,   his  growth  and   propagation. 

Meaning  of  "Photosynthesis" 

So  far  as  the  composition  of  food  material  is  concerned,  there 
exists  a  closed  cycle.  Man  feeds  on  animals,  and  animals  on 
plants;  the  plants  feed  on  the  carbon  dioxide  given  to  the  air  by 
the  animals  as  a  result  of  the  latter's  use  of  food.  Thus  the*plant 
reconverts  the  waste  products  of  animal  metabolism  into  food. 
The  latter  process  is  called  photosynthesis.  The  plant  absorbs 
through  its  leaves  the  carbon  dioxide  which  is  universally  present 
in  the  atmosphere,  and  which  is  formed  by  the  burning  of  coal, 
fuel  oil,  etc.,  and  is  also  exhaled  by  animals.  By  means  of  the 
light  from  the  sun  the  carbon  dioxide  thus  absorbed  by  the  leaves 
is  changed  into  material  such  as  sugar  or  wood,  which  can  again 
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be  used  as  food  for  animals  or  as  fuel.  The  net  result,  as  far  as 
the  changes  of  materials  are  concerned  in  this  interrelation  of 
plants  and  animals,  is  nil.  Thus,  in  brief,  a  plant  yields  a  cer- 
tain amount  of  substance  which  can  be  used  as  food.  The  food 
is  consumed  by  man  and  thus  enables  him  lo  do  some  work. 
Thereby  the  food  material  is  burned  in  the  body  and  is  exhaled 
as  the  gas,  carbon  dioxide.  Or  the  fuel  is  burned  and  the  products 
of  combustion  escape  into  the  atmosphere. 

The  fundamentally  important  point  is  in  relation  to  the  energy 
changes.  The  energy  expended  by  the  man  has  been  perma- 
nently lost  to  a  large  extent;  similarly,  that  obtained  from  fuel. 
The  reconversion  of  the  carbon  dioxide  into  food  or  fuel  material 
can  be  accomplished  only  by  the  use  of  a  great  deal  of  energy. 
The  cycle  is  made  possible  only  by  the  introduction  of  energy 
from  without.  This  energy  is  derived  from  the  sunlight,  which 
the  plant,  unlike  the  animal,  is  able  to  utilize  and  convert  the 
waste  carbon  dioxide  again  into  food  or  fuel  material. 

It  thus  becomes  evident  that  all  life  on  the  planet  depends  upon 
the  energy  derived  from  the  sun  through  the  intermediary  of 
the  plant — i.  e.,  through  the  process  of  photosynthesis.  Man- 
kind lives  entirely  on  the  energy  derived  from  the  sun  through 
the  pursuits  of  agriculture. 

Wastb  of  Solar  Enbrgy 

But  in  addition  to  this,  we  are  squandering  the  principal  of 
an  enormous  legacy  of  solar  energy  accumulated  during  the  past 
ages.  The  plants,  which  alone  are  capable  of  utilizing  the  enor- 
mous floods  of  solar  energy  pouring  upon  the  earth,  have  been  at 
work  for  many  ages  prior  to  man's  appearance  upon  the  earth 
and  have,  during  time  which  would  make  the  total  span  of  human 
history  appear  as  but  a  moment,  built  the  foundations  upon  which 
all  his  present  eminence  rests.  This  fossil  vegetation,  preserved 
as  coal  and  oil,  represents  a  very  small  fraction  of  the  energy  which 
has  been  falling  on  the  earth  and  which  has  been  conserved  for 
man.  It  is  kindled,  its  energy  liberated  and  used  in  a  thousand 
ways,  and  the  rays  of  sunlight  stored  beneath  the  earth  for  mil- 
lions of  years  give  birth  to  a  ci\'ilization  such  as  the  world  has 
never  known.  It  is  this  source  of  energy  which  has  made  possible 
the  habitation  of  the  temperate  zones  to  the  present  extent,  and 
on  it  depend  oiu-  various  modes  of  rapid  transportation  and  oiu- 
multifarious  industrial  activity.  What  may  be  called  fossil 
solar  energy,  coal,  made  possible  the  reversal  of  the  natural 
course  by  the  smelting  of  ores  for  the  production  of  metals. 
In  fact,  it  is  solar  energy  which  counteracts  the  tendency  of  our 
earth  to  attain  its  maximum  entropy. 

But  this  great  civilization  of  coal  and  steel  is  at  the  same  time 
a  most  squandrous  and  profligate  one;  it  is  using  the  principal 
of  its  legacy  in  numberless  new  ways.  Modern  man's  greatness 
depends  upon  his  being  essentially  a  tool-using  animal.  To 
increase  the  efficiency  of  one-man  power  has  been  his  object  for 
centuries.  It  is  the  power-driven  machine  that  has  done  most 
of  his  work.  But  the  source  of  energy  which  drives  these  ma- 
chines is  not  a  steady  stream,  it  is  being  drawn  from  the  accumu- 
lation of  centuries.  A  year's  consumption  of  coal  at  the  present 
rate  represents  the  accumulation  of  hundreds  of  years.  The 
power  of  man  to  do  work,  physical  work,  the  unit  one-man  power, 
is  now  an  almost  insignificant  factor.  A  return  to  such  a  physical 
standard  would  almost  certainly  follow  the  failure  of  such  soiu-ces 
of  energy  as  man  now  has  at  his  disposal.  The  quest  of  these 
sources  of  energy,  coal  and  oil,  is  at  present  being  pushed  with  a 
feverish  intensity  that  has  never  been  known  before,  and  the 
competition  for  the  possession  of  these  stores  recognizes  no 
principles.  The  destiny  of  civilization  is  guided  by  and  reflects 
the  amount  of  available  energy.  When  coal  and  oil  are  ex- 
hausted, the  daily  ration  of  solar  energy  will  represent  almost 
the  entire  means  of  liveUhood;  our  mushroom  civilization  must 
pass  like  the  historic  empires  of  the  past  and  we  may  expect  the 
reappearance  in  the  world  once  more  of  galley  slaves  and  serfs. 


Hnurgv  Rbsoi;kcbs  Avau^aiiuq 

And  thus  the  scientific  world  is  awakening  to  the  necessity  of 
taking  stock  of  our  available  resources  of  energy.  Repeatedly, 
attention  has  been  called  to  the  itiexhaustiljle  flixKis  of  solar 
energy.  With  cool  theoretical  nonchalance  the  untold  iMwsi- 
bilitics  of  the  use  of  the  sun's  energy  arc  constantly  called  lo  our 
attention.  Yet,  the  chlorophyllous  plant  still  remains  the  only 
converter  of  solar  energy  I 

The  student  of  photosynthesis  cannot,  even  if  he  would, 
escape  the  practical  api)lications  of  the  problem.  It  Ls  largely 
due  to  the  fact  that  photosynthesis  has  been  dealt  with  in  an 
academic  manner  that  its  fundamental  significance  has  until 
very  recently  not  Iteen  more  generally  recognized  and  it  has  not 
been  possible  to  enlist  the  interest  and  co<ipcration  of  workers 
in  the  allied  sciences.  To  anyone  who  has  been  actively  engaged 
in  the  investigation  of  this  problem,  it  must  Ix:  evident  that 
progress  toward  its  solution  would  be  enormously  accelerated 
by  ccHiperalivc  clTorts  from  different  angles. 

Recently,  interest  in  the  subject  has  been  very  greatly  stimu- 
lated through  the  reaUzation  on  the  part  of  industrial  scientists 
that  our  available  supplies  of  energy  are  being  rapidly  depleted. 

Our  main  source  of  energy  is  coal,  and  although  it  is  less  than 
one  hundred  years  since  it  has  been  put  to  extensive  use  as 
fuel,  the  present  annual  consumption  is  stupendous — al>out 
650,000,000  tons.  Each  decade  has  brought  a  decided  increase 
in  the  rate  of  consumption.  While  there  are,  of  course,  still 
enormous  supplies  to  draw  upon  which,  considered  superficially, 
might  allay  all  concern,  our  engineers,  most  qualified  to  judge, 
have  repeatedly  called  attention  to  the  necessity  of  prepared- 
ness on  the  fuel  situation. 

A  far  more  serious  situation  is  presented  by  the  petroleum 
supply.  The  rapid  development  of  internal-combustion  engines 
of  various  types  has  brought  about  a  tremendous  demand  for 
liquid  fuel.  This  has  increased  at  such  a  rate  that  it  can  be 
conservatively  stated  that  the  depletion  of  the  petroleum  supply 
in  the  United  States  is  clearly  in  sight.  A  report  of  the  country's 
foremost  oil  geologists,  under  the  auspices  of  the  U.  S.  Geological 
Survey,  states: 

The  estimated  reserves  are  enough  to  satisfy  the  present 
requirements  of  the  United  States  for  only  twenty  years,  if  the 
oil  could  be  taken  out  of  the  ground  as  fast  as  it  is  wanted. 

Individual  wells  will  yield  oil  for  more  than  a  quarter  of  a 
century,  and  some  of  the  wells  will  not  have  been  drilled  in 
1950.  In  short,  the  oil  cannot  all  be  discovered,  much  less  taken 
from  the  earth,  in  twenty  years.  The  United  States  is  already 
absolutely  dependent  on  foreign  countries  to  eke  out  her  own 
production,  and  if  the  foreign  oil  can  be  procured,  this  depen- 
dence is  sure  to  grow  greater  and  greater  as  our  own  fields  wane, 
except  as  artificial  petroleum  may  be  produced  by  the  distillation 
of  oil  shales  and  coals,  or  some  substitute  for  petroleum  may  be 
discovered. 

It  is,  therefore,  not  surprising  that  every  available  source  of 
energy  is  being  considered  to  meet  the  situation  which  is  ap- 
proaching. 

Another  very  considerable  source  of  energy  is  that  developed 
from  the  water  powers.  Theoretically,  this  is  virtually  an  in- 
exhaustible supply  and  one  of  relatively  high  efficiency.  Mr. 
Charles  P.  Steinmitz'  has  calculated  on  the  basis  of  collecting 
ever>'  raindrop  which  falls  hi  the  United  States  and  all  the  power 
it  could  produce  on  its  way  to  the  ocean  being  developed,  that 
there  would  be  possible  about  three  hundred  million  horse 
power.  This  enormous  figure  represents  about  the  amount 
received  from  our  present  total  consumption  of  coal.  Thus, 
this  theoretical  hydroelectric  power  would  just  about  cover  our 
present  coal  consumption,  but  leave  nothing  for  future  in- 
creased needs  or  to  cover  other  sources  of  energy  now  in  use. 
Moreover,  this  figure  for  hydroelectric  power  is  purely  hypothet- 
ical, of  which  only  a  small  fraction  represents  that  actually 
»  "The  White  Revolution,"  Survey  Graphic,  1  (1922),  1035. 
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available,  which,  when  united  with  other  difficulties  such  as 
equipment  and  limitations  of  distribution,  shows  very  clearly 
that  all  the  water  powers  of  the  country  cannot  suffice. 

The  question  of  liquid  fuel  is  of  particular  importance  in  this 
consideration.  The  great  success  of  the  internal-combustion 
engines  in  the  automobiles,  airplanes,  tractors,  etc.,  as  well  as 
the  many  uses  of  the  Diesel  engine,  has  very  greatly  influenced 
our  economic  life,  and,  as  has  been  stated,  it  is  soon  to  exhaust 
our  natural  resources  of  hquid  fuel.  Much  attention  has,  there- 
fore, been  given  to  the  production  of  liquid  fuel  other  than  pe- 
troleum. Thus  far,  the  investigations  along  these  lines  have 
almost  universally  led  to  the  opinion  that  the  substance  best 
suited  to  these  needs  is  alcohol.  This  is  on  the  basis  that  alcohol 
can  be  produced  from  vegetable  material  and  is  the  most  direct 
route  from  solar  energy.  It  is  thus  proposed  to  develop  a  photo- 
synthetic  industry  on  the  basis  of  agriculture,  the  products  of 
which  are  to  be  converted  into  alcohol  by  means  of  fermentation. 

This  is,  of  course,  the  practical  end  of  the  photosynthesis 
problem.  There  are  so  many  factors  which  come  into  consider- 
ation on  careful  study  of  the  problem  in  its  broadest  application, 
that  it  is  not  surprising  that  some  of  the  most  important  of  these 
have  been  entirely  disregarded  or  not  given  the  attention  they 
deserve. 

Possibilities  of  Photosynthesis 

In  considering  the  sun  as  a  source  of  energy,  two  possibilities 
suggest  themselves.  The  first  is  a  direct  utilization  of  solar 
energy  through  some  device  by  means  of  which  the  energy  could 
be  transformed  and  stored;  the  other  is  by  means  of  the  natural 
process  of  photosynthesis.  Disregarding  as  inadequate  those 
arrangements  that  transform  solar  energy  into  heat  and  attempt 
to  use  boilers  of  various  kinds,  no  advance  has  been  made  in  the 
direct  utilization  of  solar  energy.  A  transformation  of  the  energy 
based  upon  chemical  methods  has  received  little  attention. 
The  reason  for  this  is  that  such  known  photochemical  reactions 
as  are  endothermal — that  is,  processes  in  which  energy  is  stored — 
are  not  of  a  nature  to  encourage  development.  The  process  of 
photosynthesis  in  the  green  plant  is  such  a  transformation  and 
storing  of  energy.  Nature  has  worked  out  this  problem  and  has 
done  it  in  a  most  remarkable  manner. 

We  are  therefore  still  centering  our  speculations  on  the  plant 
as  a  transformer  of  energy  through  the  production  of  carbo- 
hydrate material.  With  complete  disregard  of  biological  facts, 
chemists  have  continued  to  develop  schemes  for  the  employ- 
ment of  the  photosynthetic  process  and  to  evolve  theories  of 
the  chemistry  of  photosynthesis.  One  of  the  fundamental 
fallacies  in  these  speculations  may  be  indicated  by  a  quotation 
from  a  recent  technical  article:  "Photosynthesis  is  simply  a 
manufacture  that  provides  material  used  in  the  proce.ss  of 
living."  It  is  falsely  conceived  that  this  process  of  manufacture 
is  not  a  function  of  the  living  plant. 

There  have  also  been  many  erroneous  and  misleading  state- 
ments regarding  the  amount  of  energy  radiated  from  the  sun 
which  reaches  the  surface  of  the  earth.  In  nearly  all  the  tech- 
nical discussions  on  this  subject  that  have  appeared  recently 
the  calculations  are  based  upon  the  value  of  3  calories  per 
square  centimeter  per  minute.  Now  this  value  does  not  repre- 
sent the  amount  of  energy  which  reaches  the  earth.  It  is  the 
old  value  of  the  solar  constant — i.  e.,  the  amount  of  solar  energy 
at  the  outside  of  the  earth's  atmosphere. 

The  true  value  of  this  solar  constant  is  still  a  subject  of  some 
dispute,  and  it  is,  in  fact,  of  secondary  interest  to  the  inuncdiate 
problejn  of  the  utilization  of  solar  energy  on  the  earth.  A  great 
many  determinations  of  the  amount  of  energy  received  on  the 
earth  have  been  made,  and  it  is  certain  that  a  very  considerable 
amount  of  solar  radiation  is  absorbed  in  the  atmosphere  of  the 
earth.  For  the  present  purpose,  the  intensity  of  solar  radiation 
reaching  the  earth  can  be  placed  at  1.5  calories  per  square  centi- 
meter per  minute.     On  this  basis  we  would  receive  5400  large 


calories  per  square  meter  during  six  hours.  Now  one  kilogram  of 
coal  when  burned  develops  about  8000  large  calories;  so  that 
six  hours  of  insolation  per  square  meter  represents  a  heat  equiva- 
lent of  0.675  kilOifram  of  coal,  and  on  an  acre,  16.41  tons  of  coal. 
This  for  ninety  days  of  insolation  would  equal  1476.63  tons. 

In  order  to  gain  some  idea  of  the  degree  of  efficiency  of  the 
photosynthetic  process  in  utilizing  solar  radiation  as  expressed 
in  the  yield  of  agricultural  products,  the  heat  value  of  a  cereal 
crop  c.in  serve  as  a  comparison.  Taking  the  very  large  yield  of 
50  bushels,  or  17.619  hectoliters  of  wheat  per  acre,  and  consider- 
ing this  as  entirely  starch,  we  get  an  energy  equivalent  of  0.623 
ton  of  coal.  This  last  figure  of  about  two-thirds  of  a  ton  of  coal 
is  to  be  compared  to  the  1476  tons,  representing  the  total  solar 
radiation  during  a  period  of  ninety  days,  appro.ximately  a  growing 
season. 

This,  then,  is  the  amount  of  solar  energy  received  at  the  sur- 
face of  the  earth,  and  in  a  practical  sense,  the  amount  of  this 
energy  that  is  stored  by  means  of  agriculture.  It  is  a  very 
striking  fact  that  the  processes  of  organic  nature  are  exceedingly 
inefficient  and  wasteful.  This,  of  course,  is  so  of  neces.sity. 
Faced  with  the  uncertainties  of  environmental  and  climatic 
conditions,  only  such  processes  as  are  allowed  a  wide  margin  of 
safety  are  assured  the  living  organism  of  survival.  These  figures 
also  indicate  that  agriculture,  as  the  only  photochemical  indus- 
try, is  utilizing  but  a  verv  small  portion  of  the  available  energy. 

In  discussing  the  possibility  of  preparing  hquid  fuel  from  grain, 
Boyd'  makes  the  following  statements: 

The  large  amount  of  motor  fuel  required  seems  to  exclude  the 
possibility  of  preparing  any  considerable  percentage  of  the 
necessary  amount  from  foodstuffs.  In  illustration  of  this  state- 
ment the  following  figures  are  of  interest: 

Bushels 
Average  annual  U.  S.  production  of  corn  1913-1919       2,740,000,000 

Average  annual  acreage  in  corn  1913-1919 160.000,000 

Alcohol  from  the  corn  at  2.75  gallons  per  bushel 7,500,000,00 

The  heating  value  of  this  amount  of  alcohol  is  about  equal  to 
that  of  5,000,000,000  gal.  of  gasoline.  The  production  of 
gasoline  in  the  U.  S.  during  1920  was  very  close  to  this  amount, 
about  4,900,000,000  gal.  The  average  acreage  in  corn  as  given 
above  is  equal  to  16G.O00  sq.  mi.,  which  is  more  than  four  times 
the  total  area  of  Ohio.  In  view  of  the  fact  that  the  possible 
alcohol  production  from  corn  represents  close  to  60  per  cent  of 
the  total  possible  amount  of  alcohol  that  could  be  prepared  from 
all  of  the  starch  and  sugar  containing  foodstuffs  produced  in 
the  I'nited  States,  and  that  such  a  large  acreage  is  required  for 
its  production,  the  possibility  of  a  sufficiently  large  increase  in 
production  of  such  materials  to  be  diverted  to  the  manufacture 
of  motor  fuel  seems  very  unlikely.  At  any  rate,  if  large  quanti- 
ties of  motor  fuel  are  to  be  prepared  from  vegetation,  another 
material,  if  not  instead  of  foodstuffs  at  least  in  addition  to  food- 
stuffs, must  be  relied  upon  as  a  source. 

It  seems  highly  questionable  whether  the  use  of  the  products 
of  photosynthesis  offers  a  rational  solution  to  the  problem  of 
industrial  energy.  It  must  be  borne  in  mind  that  the  products 
of  photosynthesis  are  essential  to  human  life  as  the  fundamental 
source  of  food.  The  trend  of  modern  investigation  of  the 
chemical,  as  well  as  the  economic  phases  of  the  food  problem, 
strongly  supports  the  dictum  that  agriculture  will  always  be 
the  basis  of  food  production  and  that  this  cannot  be  supplanted 
by  any  artificial  method.  The  materials  which  are  elaborated 
by  plants  are  directly  essential  to  the  well-being  of  man.  Fur- 
thermore, any  serious  disturbance  in  the  way  of  diverting  agri- 
cultural products  from  their  use  as  food  to  industrial  ends  would 
undoubtedly  be  fraught  with  profound  economic  disturbances. 

Cellulose  as  Source  of  Fuel 

There  is  one  other  plant  product  about  which  there  has  been 

much  speculation  regarding  the  possibilities  as  a  source  of  liquid 

fuel;    that    is    cellulose.     There   are    so   many    factors    which 

enter  into  a  rational  consideration  of  the  possibiUties  of  producing 

•  "Motor  Fuel  from  Vegetation,"  This  Journal,  IS  (1922),  836. 
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alcohol  from  cellulose  that  no  adequate  analysis  of  the  problem 
has  as  yet  been  attained.  These  factors  embody  the  bioloKical 
aspects,  the  chemical  methods,  and  the  economic  possibilities. 
It  cannot  be  claimed  that  any  one  of  the  many  compilations 
and  discourses  offered  since  the  great  interest  in  this  subject 
has  arisen,  treat  adequately  the  com[)lexitics  of  the  problem. 
Briefly,  the  points  that  demand  consideration  are  the  avail- 
ability of  cellulose  material  in  sufficient  quantity  and  the  con- 
tinuous supply  thereof,  an  exact  and  broad  knowledge  relative 
to  the  chemical  processes  of  converting  cellulose  to  alcohol,  and 
the  cost  of  raw  material,  manufacture,  and  transportation,  as 
well  as  the  complexities  of  labor  and  influence  on  other  industries. 
In  different  sections  of  the  country  where  different  kinds  of  wood 
come  into  consideration  there  are  problems  peculiar  to  each 
locality. 

Much  of  the  speculation  as  to  the  use  of  cellulose  for  conver- 
sion into  alcohol  is  based  upon  the  utilization  of  waste  material 
in  the  forests  and  at  the  mills.  Of  the  twenty-six  billion  cubic 
feet  of  wood  cut  annually,  the  major  portion  represents  accumu- 
lated virgin  timber,  so  that  this  source  cannot  be  considered  as 
a  permanent  one.  To  what  extent  and  how  soon  the  depiction 
of  virgin  forests  will  be  met  by  intensive  forestry,  is  a  practical 
question  that  seems  difficult  to  answer. 

These  considerations  also  obtain  for  the  frequently  repeated 
statements  of  the  use  of  humid  tropical  regions  for  growing 
material  from  which  alcohol  could  be  manufactured.  It  must 
be  borne  in  mind  that  for  any  such  undertaking  reliance  could 
not  be  placed  upon  extant  material,  recourse  would  have  to  be 
taken  to  very  extensive  cultivation.  Moreover,  such  an  under- 
taking must  not  interfere  with  the  area  now  used  for  the  produc- 
tion of  foodstuffs. 

Complex  Nature  of  Agriculturai,  Industry 

Finally,  in  advocating  the  natural  photosynthetic  process 
through  agricultural  industry  as  the  producer  of  a  supply  of 
energy  there  has  been  e\'idenced  great  neglect  of  the  fact  that 
agriculture  is  a  highly  sensitive  and  complex  industry.  The 
fact  seems  to  be  too  readily  forgotten  that  agriculture  deals 
with  biological  processes,  that  solar  radiation  is  but  one  of 
many  factors  influencing  the  developments  of  plants,  and  that 
in  ahnost  every  place  on  the  earth  where  agriculture  might  be 
undertaken  there  is  tar  more  light  than  the  plant  is  capable  of 
utihzing. 

The  uncertainties  of  agricultural  industry  arise  from  the 
very  complex  nature  of  the  biological  processes  and  balances 
involved  in  the  development  of  a  growing  organism.  Not 
only  the  multiplicity  of  pests  and  diseases  with  which  agricul- 
tural endeavor  must  contend,  but  the  relatively  sensitive  ad- 
justment to  climatic  environment  increases  the  hazards  of  this 
industry  enormously.  Thus,  of  course,  the  growth  of  plants 
is  not  dependent  on  light  only,  but  on  a  variety  of  factors  not 
associated  with  solar  radiation. 

The  fact  that  during  critical  periods  in  the  development  of 
a  plant  slight  changes  in  climatic  conditions  during  a  short  time 
may  greatly  reduce  or  entirely  destroy  a  crop,  serves  to  empha- 
size the  hazard  of  obtaining  energy  through  the  intermediary 
of  plants.  In  agriculture,  water  supply  and  temperature  are 
far  more  variable  and  determining  factors  than  light  intensity. 
On  the  proper  coordination  of  these  two  factors,  probably  more 
than  any  other,  depends  the  success  of  crop  production. 

On  the  other  hand,  considering  alone  the  solar  energy  which 
it  is  our  object  to  store,  there  falls  on  the  earth  during  most  of 
the  year  a  great  deal  more  than  any  plant  is  capable  of  utilizing. 

Solution-  of  the  Problem 

Nature  has  worked  out  a  method  of  utilizing  solar  enerp. 
It  is  the  duty  of  the  scientist  to  learn  the  precise  manner  in  which 
this  is  accomplished.     He  need  not  be  timid  about  competing 


with  nature.  He  has  many  cases  to  his  credit  of  surpassing  the 
processes  of  nature  both  in  cfTiciency  and  reliability.  Then 
arc  many  substances  now  ellcclivrly  protluccd  artificially  which 
were  formerly  obtainable  only  from  plants  or  animals.  It  i 
true  that  in  the  utilization  of  radiant  energy  there  arc  a  grea' 
many  intricate  difficulties  to  be  overcome,  but  to  anyone  wIim 
has  given  the  problem  thorough  study  it  must  be  evident  that 
we  are  already  in  possession  of  much  knowledge  which  can  firnl 
immediate  application  to  this  prol)lem,  /Vs  the  basis  of  agri 
culture,  the  problem  of  photosynthesis  needs  development  and 
clarification.  As  the  only  known  photochemical  reaction,  pro- 
ceeding in  the  visible  spectrum,  in  which  there  is  a  large  increase 
in  the  potential  energy  of  the  products,  photosynthesis  serves 
as  a  guide  to  the  utilization  of  solar  energy.  Although  the  chemi- 
cal reactions  constituting  the  photosynthetic  process  are  of  a 
highly  complex  and  intricate  nature,  sufficient  investigation  luis 
been  done  to  justify  the  conclusion  that  the  problem  is  amenable 
to  physico-chemical  treatment.  However,  no  single  academic 
division  of  science,  such  as  botany,  chemistry,  or  physics,  b  of 
itself  sufficiently  rich  in  concepts  and  methods  to  attack  the 
problem  adequately.  The  most  promising  outlook  for  success 
in  this  field  would  be  offered  through  an  organization  by  which 
information  from  the  various  allied  fields  can  be  collected  and 
focused  on  the  chemical  and  energy  changes  taking  place  in  the 
process  of  photosynthesis.  In  view  of  the  present  academic 
division  of  the  sciences  and  the  variety  of  special  training  which 
is  requisite  for  such  an  undertaking,  cooperative  effort  offers  the 
only  rational  method  of  advance. 

Photosynthesis  is  essentially  a  problem  of  energy  transfer. 
Those  aspects  of  the  problem  involving  the  changes  of  material, 
the  rates  of  these  changes,  and  the  conditions  under  which  they 
occur,  require  the  methods  and  conceptions  of  organic  chemistry 
and  physiology.  In  order  to  determine  the  kinetics  of  these 
same  reactions  and  the  mode  of  energy  transfer,  a  very  different 
method  of  experimentation  is  required.  These  latter  lead  directly 
to  the  fundamental  problems  of  radiochemistry  and  require  the 
most  advanced  methods  of  physical  experimentation. 

Has  not  science  here  a  unique  opportunity  to  lead  the  way  in 
real  cooperation  and  to  demonstrate  its  true  democratic  value  .> 

The  embryo  of  a  seed,  during  its  first  days  after  sprouting, 
lives  upon  material  stored  for  it  by  the  parent,  until  it  gains 
strength  and  becomes  an  independent  plant.  Throughout 
nature  the  young  are  nurtured  and  protected  until  they  can  care 
for  themselves.  So  man  has  had  his  great  patrimony  of  fuel 
to  help  him  in  his  first  faltering  steps  to  dominion  over  his  en- 
vironment. As  he  grows  in  intellectual  stature,  he  must  meet 
the  problem  of  physical  necessity,  a  problem  of  energy  pure  and 
simple,  ere  he  can  aspire  to  true  independence.  The  great 
contribution  of  the  nineteenth  century  was  the  estabUshment 
of  the  doctrines  of  energy.  To  the  twentieth  falls  the  task  of 
freeing  us  from  our  economic  placenta. 


Research  on  Liquid  Carbon  Dioxide 

The  Liquid  Carbonic  Division  of  the  Compressed  Gas  Manu- 
facturers' Association  announces  the  establishment  of  an  Indus- 
trial Fellowship  in  the  Mellon  Institute  of  Industrial  Research 
of  the  University  of  Pittsburgh,  for  the  purpose  of  classifying, 
studying,  and  developing  the  uses  for  liquid  carbon  dioxide.  The 
founding  of  this  fellowship  is  in  accord  with  the  desu-e  of  the 
members  of  the  association  to  cooperate  with  users  and  prospec- 
tive users  of  liquid  carbon  dioxide,  with  the  object  of  de\  eloping 
efficient  means  of  applying  the  gas  and  of  obtaining  fundamental 
data  bearing  on  its  use  in  various  industries. 

In  addition  to  conducting  research  work,  the  feUowship  wiU  be 
made  a  clearing  house  of  information  regarding  various  uses  of 
liquid  carbon  dioxide,  and  data  will  be  kept  on  file  for  the  ac- 
commodation of  prospective  users  of  this  product. 

The  present  incumbent  of  the  Industrial  FeUowship  is  Charl^ 
L.  Jones,  who  will  be  glad  to  correspond  with  anyone  interested 
in  the  use  of  liquid  carbon  dioxide  in  industry. 
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Progress  toward  the  Artificial  Synthesis  of  Carbohydrates 

and  Proteins' 


By  R.  W.  Thatcher 

New  York  Agriculturai.  Experiment  Station,  Geneva,  N.  Y. 


WHILE  it  is  not  within  the  lifetime  of  the  present  gener- 
ation that  the  practices  of  civihzed  men  will  result  in 
critical  depletion  of  the  stored  energy  of  the  plants  of 
the  Carboniferous  Era  and  of  the  mighty  primeval  forests  of  the 
newly  discovered  countries  of  the  earth,  already  there  are  in- 
dications of  the  approach  of  that  unfortunate  time.  Before 
long,  as  time  is  counted  in  history,  necessity  will  compel  serious 
consideration  of  the  problem  of  replenishment  or  substitution 
for  the  energy  stored  in  plants  to  supply  the  needs  of  mankind. 
Even  now  there  are  signs  of  approaching  difficulties.  The 
demand  for  foodstuffs  for  increasing  populations,  while  tempo- 
arily  halted  by  the  depopulation  of  the  World  War  and  sub- 
sequent starvation,  will  begin  anew  within  a  very  few  years. 
The  inroads  of  modern  necessities  upon  our  rapidly  diminishing 
supplies  of  timber,  and  the  ravages  of  insect  pests  and  plant 
diseases  upon  economic  food  and  fiber  crops,  stimulate  serious, 
sober  thought  in  the  minds  of  those  who  are  following  the  evolu- 
tionary development  of  the  earth's  inhabitants.  The  contem- 
plation of  the  approach  of  the  time  when  the  last  ton  of  coal 
shall  be  mined  and  the  last  gallon  of  mineral  oil  consumed  gives 
to  the  thoughtful  student  the  same  blood-chilling  sensation  that 
affects  him  when  he  sees  through  his  powerful  telescope  the  cold 
and  barren  wastes  of  the  moon. 

While  these  present  indications  of  future  dire  necessities  are 
not  sufhcient  to  cause  general  gloomy  forebodings,  they  furnish 
an  adequate  reason  for  the  utmost  interest  by  chemists  in  the 
possibility  of  a  better  understanding  of  how  nature  has  through 
countless  ages  stored  up  the  vast  reservoirs  of  solar  energy 
which  modern  civilization  is  now  so  rapidly  dissipating.  Photo- 
synthesis has  come  to  have  an  intensely  practical,  as  well  as  a 
fascinating  theoretical,  interest. 

Recent  Discoveries 

During  very  recent  years  certain  biochemists  have  devoted 
much  study  to  this  problem,  and,  while  it  is  far  from  being 
solved,  some  of  its  aspects  are  belter  understood  than  they  were 
even  five  years  ago.  Exactly  how  the  plant  cell  accomplishes 
its  total  constructive  function  is  as  yet  a  mystery,  but  some  of 
the  steps  in  the  process  are  now  understood  and  have  been  arti- 
ficially duplicated.  Several  decades  ago  Emil  Fischer  and  his 
students  accomplished  the  artificial  synthesis  of  many  soluble 
sugars  and  of  certain  polypeptides  which  closely  resemble  the 
natural  proteins,  but  by  roundabout  processes,  and  by  means 
of  violent  chemical  reagents,  such  as  could  not  possibly  be  con- 
ceived to  be  in  any  way  analogous  to  those  which  a  plant  cell 
utilizes  in  its  synthetic  work.  I'or  this  plant  process  it  has  long 
been  recognized  that  the  gases  of  the  atmosphere  are  the  real 
initial  raw  products,  and  certain  fairly  simple  empirical  chemical 
equations  have  been  cited  as  representing  the  steps  through  which 
the  pliotosynthetic  process  goes  on;  but  until  very  recently 
attempts  to  duplicate  experimentally  and  under  artificial  condi- 
tions any  of  these  simple  transformations  have  always  failed. 
Furthermore,  while  it  has  been  accepted  as  a  fact  that  chloro- 
phyll-containing plant  cells  are  able  to  synthesize  carbohydrates 
of  all  degrees  of  complexity  from  the  atmospheric  gases,  until 
within  the  past  five  years  it  has  been  supposed  that,  although 
the  gaseous  nitrogen  of  the  air  is  undoubtedly  the  ultimate 
>  Received  July  24, 1922. 


source  of  supply  of  this  element,  the  synthesis  of  proteins  by 
plants  requires  the  fixation  of  combined  nitrogen  in  the  soil 
prior  to  its  absorption  by  the  roots  of  higher  plants. 

Very  recently,  however,  Benjamin  Moore  and  his  associates' 
have  demonstrated  that  unicellular  algae,  in  the  absence  of  all 
nitrogen  except  that  in  the  atmosphere  and  in  the  presence  of 
carbon  dioxide,  can  fix  nitrogen  and  grow  and  form  proteins 
by  a  process  which  derives  its  energy  solely  from  light  and  is, 
therefore,  photosynthetic.  They  found  also  that  the  rate  of 
this  unicellular  growth  may  be  accelerated  by  the  presence  of 
oxides  of  nitrogen  such  as  are  present  in  the  atmosphere.  Fur- 
ther, Moore  has  concluded  from  other  experiments'  that  green 
seaweed  can  and  does  grow  and  synthesize  both  carbohydrates 
and  protein,  using  only  the  carbon  from  bicarbonates  of  calcium 
and  magnesium  present  in  sea-water  and  nitrogen  from  the 
atmosphere.  He  explains  the  failure  of  fresh  water  and  terres- 
trial plants  to  accomplish  the  same  transformations  as  being 
due  to  their  inability  to  establish  a  satisfactory  exchange  of 
alkali  material  between  themselves  and  their  enveloping  medium, 
as  do  the  sea  plants. 

Photosynthesis  of  Carbohydrates 

As  to  the  mechanism  by  which  photosynthesis  of  carbohy- 
drates is  accomplished,  recent  investigations*  indicate  that  under 
the  stimulus  of  short  wave  length  of  light  (200  /jm)  aqueous 
carbon  dioxide  can  be  fairly  easily  converted  into  formaldehyde, 
without  the  presence  of  chlorophyll  or  any  other  energy-absorbing 
agent;  and  that  this  photosynthesis  can  be  actively  photo- 
catalyzed  by  certain  basic  colored  substances,  such  as  colloidal 
uranium  hydroxide,  ferric  hydroxide,  methyl  orange,  or  mal- 
achite green,  in  the  presence  of  visible  light.  They  also  point 
out  that  the  polymerization  of  formaldehyde  into  reducing 
sugars  takes  place  easily  in  the  presence  of  light  of  wave  length 
290  /111  and  that  this  polymerization  can  likewise  be  photocata- 
lyzed  by  deeply  colored  alkaline  copper  solutions.  These 
reactions  have  been  shown  to  be  reversible,  depending  upon  the 
type  of  light  used  and  the  character  of  the  photocatalyst  which 
is  present  in  the  reacting  mixtures.  Thus,  in  a  system  containing 
reducing  sugars,  formaldehyde,  carbon  dioxide,  and  water, 
equihbrium  is  set  up  between  these  various  components  at 
various  points  depending  on  the  wave  length  of  the  light  which 
falls  on  the  mixture  and  the  nature  of  the  photocatalyst  which 
is  i)resent.  If  ultraviolet  light  of  very  short  wave  length  is 
employed,  equihbrium  lies  far  over  on  the  carbon  dioxide  side; 
in  the  presence  of  a  suitable  photocatalyst  to  absorb  light  of 
slightly  greater  wave  lengths,  formaldehyde  is  produced  in 
considerable  quantities;  while  in  the  presence  of  photocatalysts 
which  absorbs  light  of  wave  length  290  /ttt,  active  polymeriza- 
tion of  formaldehyde  to  reducing  sugar  goes  on,  and,  in  the 
presence  of  a  photfxatalyst  which  is  capable  of  catalyzing  both 
stages  of  the  reaction,  the  equihbrium  is  shifted  entirely  over 
to  the  reducing  sugar  side.  It  has  been  suggested,  although 
not  yet  experimentally  demonstrated,  that  chlorophyll  is  an 
ideal  photocatalyst  for  both  stages  of  the  synthesis  of  soluble 
sugars  from  carbon  dioxide  and  water,  and  the  formation  of 

'  Proc.  Roy.  Sor.  (London),  91S  (1920),  201. 
>  J.  Chem.  5oc  (Undon),  H«  (I92I),  1555. 
<Jbid..  119  (1921),  1025. 
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carbohydrates  in  the  growing  leaf  from  very  small  concentra- 
tions of  carbon  dioxide  without  the  existence  of  free  formal- 
dehyde as  an  intermediate  product  is  thus  explained.  If  this 
explanation  is  finally  given  successful  experimental  demonstra- 
tion, the  next  step  seems  fairly  obvious— namely,  that  the 
reversible  changes  of  reducing  sugars  to  more  complex  carbo- 
hydrates may  be  likewise  photocatalyzed,  presumably  by  light 
of  still  greater  wave  lengths.  If  this  should  be  found  to  be  true, 
the  entire  mechanism  of  the  production  of  carbohydrates  from 
carbon  dioxide  and  water  will  be  understood,  and  an  ample 
supply  of  the  photocatalytic  chlorophyll,  or  other  plant  pig- 
ments for  artificial  synthesis  of  these  important  food  substances, 
will  be  easily  available  in  the  noneconomic  plants  of  the  country. 
It  would,  therefore,  seem  that  the  possibility  of  economic  arti- 
ficial synthesis  of  one  of  the  important  constituents  of  human 
food  is  at  least  brought  much  nearer  to  realization  by  these  re- 
cent biochemical  researches. 

As  to  the  actual  part  which  chlorophyll  plays  in  the  photo- 
synthesis of  carbohydrates,  three  possible  modes  of  action  are 
now  receiving  experimental  study.  The  first  of  these,  which 
has  naturally  been  longest  considered  as  the  probable  function 
of  chlorophyll,  is  that  it  acts  chemically  as  a  catalyst  by  forming 
unstable  intermediate  products  with  formaldehyde  or  possibly 
other  simple  intermediate  compounds  of  the  photosynthetic 
process.  Indeed,  several  investigators'  have  showTi  that  chloro- 
phyll actually  does  form  a  compound  with  formaldehyde  from 
which  complex  the  formaldehyde  may  be  either  given  o£f  or 
absorbed  in  order  to  establish  a  proper  equilibrium  in  the  photo- 
synthetic  process,  and  to  afford  in  the  plant  a  mechanism  by 
which  the  quantity  of  free  formaldehyde  is  regulated.  In  this 
way  the  amount  present  in  free  form  at  no  time  reaches  that 
which  would  be  toxic  to  the  cell  protoplasm.  The  second  of 
these  conceptions  is  that,  regardless  of  the  color  and  of  the  general 
chemical  reactivity  of  chlorophyll,  the  mineral  constituent 
(magnesium)  which  it  contains  is  held  in  proper  coUoidal  form 
to  exert  a  definite  catalytic  effect  upon  the  photosynthetic 
process.  The  third,  and  most  recent,  explanation  of  the  mech- 
anism of  chlorophyll  action  is  that  the  pigment  acts  as  a  photo- 
catalyst,  or  light  screen,  to  absorb  and  transmit  the  energ\'  from 
light  rays  of  the  proper  wave  length  to  accomplish  the  several 
steps  in  the  photosynthesis  of  carbohydrates. 

As  has  been  pointed  out  above,  this  last  conception  has  very 
recently  been  given  experimental  confirmation,  and  the  artificial 
synthesis  of  simple  carbohydrates  from  atmospheric  gases  under 
the  influence  of  proper  photocatalysts  has  already  been  ac- 
complished. 

Photosynthesis  of  Proteins 

Not  as  much  progress  toward  an  understanding  of  the  mechan- 
ism of  the  synthesis  of  proteins  by  plants,  or  toward  the  successful 
artificial  duplication  of  the  process,  has  yet  been  made  as  has 
in  the  case  of  the  carbohydrates.  It  has  been  shown  that  the 
ordinary  synthesis  of  proteins  by  plants  supplied  with  nitrogen 
in  some  oxidized  (preferably  nitrate)  form  is  not  necessarily  a 
photosynthetic  process,  as  it  can  occur  in  the  dark  and  in  the 
absence  of  chlorophyll  or  any  other  light-absorbing  pigment. 
However,  atmospheric  nitrogen  cannot  be  used  by  plants  for 
this  purpose,  except  in  the  case  of  certain  bacteria,  notably 
those  which  live  in  symbiosis  with  the  legumes  in  the  nodules 
on  the  roots  of  the  host  plants  and  other  low  plants,  particu- 
larly marine  algae.  As  has  been  pointed  out,  it  has  recently 
been  suggested  by  Moore  that  the  ability  of  green  algae  to  syn- 
thesize proteins  from  atmospheric  nitrogen,  by  a  process  which 
seems  to  be  photosjmthetic— i.  e.,  deriving  its  energy  from  solar 
light— is  apparently  due  to  their  favorable  environment  for  free 
exchange  of  alkali  material  between  their  tissues  and  the  sur- 
rounding medium,  sea  water.  This  indicates  that  the  synthesis 
of  proteins  through  the  nitrogen— ammonia-^amino  acid-» 
•  Proc.  Roy.  Soc.  (.London),  SOB  (1908),  30;  it  (1910),  226. 


protein  course  may  yet  be  understoo<l  and  possibly  artificially 
duplicated  in  the  near  future.  Heretofore,  it  has  Ijecn  supposed 
that  the  oxidation  of  atmospheric  nitrogen  to  nitrate  form  is 
a  necessary  preliminary  step  to  its  utilization  in  the  synthesis 
of  proteins,  at  least  by  ordinary  cell  protoplasm.  Presumalily, 
the  nitrate  nitrogen  must  then  be  reduced  in  the  plant  to  nitrite, 
and  then  to  the  ammonia  form,  in  order  to  enter  the  amino 
arrangement  which  is  required  for  the  greater  proportion  of  the 
protein  nitrogen.  These  preliminary  oxidation  and  rc<luclion 
changes  have  heretofore  Ijccn  little  understocxl,  but  i)rogrcs» 
toward  a  satisfactory  knowledge  of  the  mechanism  of  their  con- 
trol is  now  l>eing  made.  Artificial  syntheses  of  amino  acids  by 
the  action  of  ammonia  upon  glyoxylic  acid  and  sorbic  acid, 
both  of  which  may  be  obtained  by  the  oxidation  of  simple  sugars, 
have  been  accomplished.  The  reversible  condensation  of  these 
amino  acids  into  proteins  is  readily  accomplished  in  all  living 
protoplasm  under  the  influence  of  six:cial  enzymes  which  arc 
almost  universally  present  in  the  cytoplasm. 

We  are  still  in  the  dark  as  to  the  mechanism  by  which  this 
condensation  is  brought  about,  but  recent  investigations  have 
thrown  so  much  light  upon  the  whole  photosynthetic  process 
that  it  seems  reasonable  to  expect  that  we  may  soon  reach  a 
working  understanding  of  the  condensation  process,  both  of  the 
sugar  «  '  starch  and  of  the  amino  acid  ■  '  protein  transforma- 
tions. When  this  result  is  reached,  a  long  step  will  have  been 
taken  toward  the  solution  of  the  problem  of  artificial  synthesis 
of  food  products,  with  which  to  supplement  the  stored  energy 
of  bygone  ages  that  is  t)eing  so  rapidly  dissipated  by  the 
demands  of  our  modern  civiUzation. 


Use  of  Oxygen  in  Metallurgical  Operations 

Use  of  oxygen  in  connection  with  the  enrichment  of  the  blast 
in  the  blast  furnace  and  in  practically  all  phases  of  pyro-metal- 
lurgical  work  will  furnish  the  key  to  success  in  the  further  de- 
velopment of  such  metallurgical  operations,  according  to  Dr. 
F.  G.  Cottrell,  formerly  director  and  now  consulting  metallurgist 
of  the  United  States  Bureau  of  Mines,  who  first  directed  the  Bu- 
reau's attention  to  this  subject.  Through  this  enrichment  proc- 
ess it  is  hoped  to  increase  the  efficiency  of  metallurgical  opera- 
tion with  a  resultant  production  of  metals  at  lower  cost  and  pos- 
sibly the  use  of  lower  grade  ores. 

The  Bureau  of  Mines  now  has  outlined  plans  for  two  studies 
which  will  be  carried  on  simultaneously.  The  first  will  cover 
the  present-day  processes  for  the  production  of  oxygen,  in  order 
to  determine  the  feasibility  of  attempting  to  produce  oxygen,  or 
oxygenated  air,  in  such  amounts  and  at  such  a  cost  as  to  permit 
of  its  use  in  metallurgical  operations.  The  second  study  will 
be  devoted  to  the  feasibility  of  using  oxygen,  or  oxygenated  air, 
in  metallurgical  operations. 

Because  of  his  interest  in  this  investigation,  M.  H.  Roberts, 
vice  president  of  the  Kranklin  Railway  Supply  Co.,  was  asked  to 
select  an  advisory  committee  to  work  with  the  Bureau  of  Mines 
and  to  act  as  chairman  of  this  committee.  The  committee 
will  consist  of  F.  G.  Cottrell,  director  of  the  Fixed  Nitrogen 
Research  Laboratory;  W.  L.  DeBaufre,  chairman  of  the 
mechanical  engineering  department  of  the  University  of  Ne- 
braska; D.  A.  Lyon,  chief  metallurgist  of  the  Bureau  of 
Mines;  R.  B.  Moore,  chief  chemist  of  the  Bureau  of  Mines; 
R.  C.  Tolraan,  professor  of  physical  chemistry  and  mathe- 
matical physics,  California  Institute  of  Technology;  J.  W. 
Davis  mechanical  engineer  of  the  Bureau  of  Mines;  F.  W.  Davis 
metaUurgist  of  the  Bureau  of  Mines;  Frank  Hodson.  president  of 
the  Electric  Furnace  Construction  Company ;  and  P.  H.  Royster, 
assistant  metallurgist  of  the  Bureau  of  Mines. 

Previous  to  the  war.  some  work  was  done  in  Belgium  on  the  en- 
richment of  the  blast  with  oxygen  in  connection  with  the  smelting 
of  iron  ores  in  the  blast  furnace.  In  the  United  States,  the  late 
J  E  Johnson,  Jr.,  was  interested  in  the  possible  use  of  oxygen  in 
metallurgical  operations  and  carried  on  some  experimental  work 
along  these  lines  previous  to  his  death. 


On  November  3.  1922,  Dr.  Edgar  F.  Smith  delivered  a  lecture 
on  Joseph  PriesUey  before  the  PriesUey  Club  of  the  Lniversity 
of  Pennsylvania.  On  this  occasion  various  PnesUeyana  were 
for  the  first  time  exhibited  to  the  pubUc. 
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Chemical  Technology 

Compiled  by  Clarence  J.  West  and  Callie  Hull 
Research  Information  Sbrvicb,  National  Resbarch  Council,  Washington,  D.  C. 


(Concluded) 

Graphite: 

H.  G.  Ferguson,  U.  S.  Geological  Survey,  Washington,  D.  C.  Entries 
by  author,  subject,  and  locality.  Abstracts  included  in  part.  Com- 
plete to  1919. 

See  also  Refractories  (Schurecht). 
Grlgnard  Reaction: 

C.   W.    Porter,    University  of  California,    Berkeley,  Calif.     500  entries. 
1900-1921.     Many   important   contributions   and  some   of  no  value. 
Gypsum: 

Frank  A.  Wilder.  North  Holston,  Va.  600  entries  by  author,  title,  and 
subject.  Four-fifths  complete.  To  be  published  in  monograph  of 
Iowa  Geological  Survey. 

Heat  Transmission: 

Heat  transmission:  evaporating  and  heating  apparatus.     W.  L.  Badger, 
University  of  Michigan,  Ann  Arbor,  Mich.     2000  entries,  by  author 
and  subject.     1850-date.     Abstracts  included.     25  per  cent  complete. 
Heating   Apparatus: 

See  Heat  Transmission   (Badger). 
Heterogeneous   Equilibria: 

E.  C.  McKelvy  and  L.  Vurow.  Thousands  of  entries,  by  author  and 
subject.  Up  to  1919.  Abstracts  and  critical  comments  in  many  cases. 
Much  data  tabulated  and  plotted.  Incomplete,  especially  for  later 
years.  For  consultation,  write  Bureau  of  Standards,  Washington, 
D.  C. 
Hydrocyanic  Acid: 

See  Insecticides  and  Fungicides. 
Hydrogen: 

Low    temperature    research;     liquefaction    of    hydrogen    and    properties 
of  liquid  hydrogen.     J.  C.  McLennan,  University  of  Toronto,  Toronto, 
Canada.     1898-1920.     Some  abstracts  included. 
Hydrogenation  of  Oils: 

Charles    Baskerville.      Incomplete.      For    consultation,    write    Library. 
College  of  the  City  of  New  York,  New  York,  N.  Y. 
Hydrotherapy: 

Influence  of  bathing  on  metabolism.  H,  A.  Mattill,  University  of  Roches- 
ter, Rochester,  N.  Y.  200  entries,  by  author.  lS90-date.  Abstracts 
usually  included.     Probably  all  the  important  contributions. 

Industrial  Chemistry: 

Industrial  inorganic,  organic,  electro,  and  combustion  chemistry.     R.  K. 
Strong,  Reed  College,  Portland,  Ore.     Entries  by  subject.     1896-date. 
Inorganic  Chemistry: 

See  Industrial  Chemistry  (Strong). 
Insecticides  and  Fungicides: 

J.  J.  Davis,  Purdue  University,  Lafayette,  Ind.  4000  or  more  entries  by 
subject.  1860-date.  Abstracts  included  in  some  cases.  Fairly 
complete. 

Chemical  composition  of  proprietary  insecticides  and  fungicides  and 
chemical  composition  and  disinfectant  action  of  proprietary  disinfec- 
tants. J.  K.  Haywood,  Insecticide  and  Fungicide  Board,  U.  S.  De- 
partment of  Agriculture,  Washington,  D.  C.  9500  entries,  by  subject. 
1910-date.  00  to  95  per  cent  complete.  Cannot  be  consulted  or 
duplicated,  but  information  will  be  given  state  and  government  scien- 
tists in  exceptional  cases,  on  understanding  that  results  will  not  be 
made   public. 

Fumigation  with  hydrocyanic  acid  gas.  E.  R.  Sossccr  and  R.  S.  Wogtum. 
Entries  by  author.  Very  complete  up  to  1920.  Abstracts  included  in 
a  few  cases.  For  consultation,  write  E.  R.  Sassccr,  Federal  Horticul- 
tural   Board.    Washington.    D.    C. 

Lime  sulfur  as  a  spray.  V.  I.  Safro.  612  entries,  by  author.  Earliest 
references  up  to  and  including  1911.  Abstracts  included.  Very  com- 
plete. For  consultation,  write  Department  of  Entomology,  Oregon 
Agricultural  College.  Corvallis,  Ore. 

Miscible  oil  sprays  in  combination  with  other  spray  materials.  Leroy 
Childs.  Hood  River,  C>rc.     Well  started. 

Organic  insecticides  and  fungicides,  including  hydrocyanic  acid,  chloro- 
picrin,   and    others.     Clarence    J.    West,    National    Research   Council, 
Washington,  D.  C.     300  entries,  by  author.     Three-fourths  complete. 
Set  also  Lead  Arsenate  (Dickey);  Poisons  (Gray). 


Iron: 

Effects  of  sulfur  and  phosphorus  on  the  properties  of  iron  and  steel.  350 
entries,  by  author  (35  typewritten  pages).  For  consultation,  write 
joint  committee  on  phosphorus  and  sulfur  in  steel,  attention  of  H.  L. 
Whittemore,  Bureau  of  Standards,  Washington,  D.  C. 

Iron  ores.  R.  J.  Holden.  Virginia  Polytechnic  Institute,  Blacksburg,  Va. 
To  be  published  by  the  Virginia  Geological  Survey. 

Iron  ores  of  the  United  States.  E.  C  Harder,  1111  Harrison  Bldg., 
Philadelphia  Pa.  Entries  by  author  and  locality.  Moderately  com- 
plete  to    1919,    inclusive. 

Malleable  cast  u-on.  E.  S.  Davenport.  38  entries,  by  author.  1914-1922. 
For  consultation,  write  Eastern  Malleable  Iron  Co.,  Naugatuck,  Conn. 

Malleable  iron.  A.  E.  White,  University  of  Michigan,  Ann  .Arbor,  Mich. 
83  entries.  1910-1921.  Includes  most  of  the  pertinent  books  and 
articles  bearing  on  the  subject. 

See  also  Lead  Coatings  (Berolzheimer). 


.\rthur   D.   Little,   Inc.,   Cambridge,   Mass.     22  entries,  by  author. 
Kauri    Gum: 

.\rthur  D.   Little,  Inc.,   Cambridge,   Mass.     14  entries,  by  author. 

Lactose: 

Lactose  (milk  sugar):  scientific  and  industrial.     Harper  F.  Zoller,  3345 
Grand  River  Ave.,   Detroit,   Mich.     44  entries.     Up  to  1922. 
Lead  Arsenate: 

Corona  Chemical  Division,  Pittsburgh  Plate  Glass  Co.,  Milwaukee,  Wis. 
80  entries,  by  author,  title,  and  subject.      1S19-1916.     A  few  abstracts 
included.     85  per  cent  complete.     For  consultation,  write  C.  B.  Dickey, 
Superintendent. 
Lead  Coatings: 

Lead  coatings  on  iron  and  steel.     D.  D.  Berolzheimer.     Entries  by  author 
and  title.     1904-1914.     Thorough  for  years  covered,  including  a  few 
older    references.     For   consultation,    write    National    Lead    Co.,    129 
York  St.,  Brooklyn,  N.  Y. 
Leather: 

Leather  and  tanning  chemistry,  tanning  materials,  etc.     J.  S.  Rogers, 
Morgantown,  N.  C.    300-400  entries.     1909-1917.    Abstracts  included 
in  some  cases.     Not  very  complete. 
Light: 

See  Photochemistry. 
Lime: 

The  uses  of  lime.     M.  E.  Holmes.  918  G  St.,  N.  W.,  Washington,  D.  C. 
Several  hundred  entries,  by  subject.     1920-date.     Very  brief  abstracts 
included.      Complete. 
Low  Temperature  Carbonization: 

The  Barrett  Co.,  40  Rector  St.,  New  York,  N.  Y.     164  entries,  by  author, 

subject,  and  patents.  1873-date.  Abstracts  included. 
Carbonization  of  coal,  particularly  low  temperature  carbonization.  Ro- 
land P.  Soule.  300-400  entries,  by  subject.  1860-1922.  Abstracts 
included.  Very  complete  on  low  temperature  carbonization  and  the- 
ories of  carbonization.  For  consultation,  write  Prof.  J  J.  Morgan, 
Havcraeyer  Hall,  Columbia  University,  New  York,  N.  Y. 
Lubricating    Oils: 

See    Petroleum    (Smith). 

Magnesite: 

See  Refractories   (Schurecht). 
Maltose: 

Maltose  in  acid-hydrolyzcd  starch  products.     L.  F.  Hoyt,    Larkin    Co., 
Inc.,  Buffalo,  N.  Y.     66  entries,  by  author,  title,  and  subject.     1812- 
1913.     Complete    as    facilities    permit. 
Marine  Borers: 

See  Wood  Preservation  (West). 
Meat: 

Dried    meat.     Arthur    D.    Little,    Inc.,    Cambridge,    Mass.     22   entries, 

by  author. 
Meat  packing  industry.     Library  of  Congress.  Washington,  D.  C.      150 

entries,   by  author.     Up  to   1920. 
See  also  Flesh. 
Mesothorium: 

Herman  Schlundt,  303  Hicks  Ave.,  Columbia.  Mo.     65  entries,  by  author. 
1907-1920.     85   per  cent   complete. 
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Metabolism: 

Animal  nutrition,  caloriuietry.  11.  l'.  Armsby.  State  Colligc,  Pa.  12,177 
entries,  by  subject  mostly,  many  by  author  and  title.  1870-1B22.  Ab- 
stracts included.  Very  complete  in  references  to  plants — culture,  fer- 
tilizer, etc.,  6eld  crops;  general  science — animal  physiology,  metabolism^ 
foods,  animal — nutritive  value,  animal  products. 
Carbohydrate  metabolism  and  physics  and  chemistry  of  the  blood.  E.  L. 
Scott,  437  W.  59th  St.,  New  York,  N.  Y.  3500  entries,  by  title  and 
subject.  From  earliest  literature  to  date.  Abstracts  included  in 
about  50  per  cent.  25  per  cent  complete. 
Digestion   and   assimilation    of   fat;   digestion,   fasting,   and   pathological 

lipaemia.     S.  H.  Gage,  Stimson  Hall,  Ithaca,  N.  Y. 
Fate  of  foreign  organic  compounds  in  the  animal  body,  and  synthesis  of 
amino   acids    in    the    body.     Carl    P.    Sherwin,    Pordham    University, 
New    York,    N.    Y.     2000   entries.      1912-date. 
Influence  of  mineral  waters  on  metabolism.      H.  A.  Mattill,  University 
of  Rochester,  Rochester,  N.  Y.      150  entries,  by  author.      1890-date. 
Abstracts   usually   included.     All   important  contributions. 
Metabolism    of    chickens    and    nutritive    requirements.     H.    A.    Muttill. 
University  of   Rochester,   Rochester,   N.   Y.     200  entries,   by  author. 
1890-date.     Abstracts    included    in    about    one-half    the    entries.     75 
per  cent  complete. 
Metabolism  of  mineral  matter.     H.  A.  Mattill,  University  of  Rochester. 
Rochester,    N.    Y.     600    entries,    by    subject.      I9C6-date.     Abstracts 
usually  included.     90  per  cent  complete. 
Nutrition.     J.  F.  McClendon,  815  Fulton  St.,  S.  E.,  Minneapolis.  Minn. 
More  than  1000  entries,  by  subject.      19IS-date.     Abstracts  included. 
Nutrition,  bread,  and  allied  topics.     C.  E.  Halstead,  Ward  Baking  Co., 
New  York,  N.  Y.     Entries  by  author  and  subject.     185a-date.     Ab- 
stracts frequently  included.     90  per  cent  complete. 
Protein  storage  in  protoplasmic  tissue.     W.  S.  Ritchie.     Entries  by  author 
and    title.     1S98-1922.     Rather    complete.     For    consultation,    write 
C.  R.  Moulton,  105  Schweitzer  Hall,  Columbia.  Mo. 
See  also  Cholesterol  (Arnold);  Hydrotherapy  (Mattill);  Proteins  (MattUl). 
Metallurgy: 

Mining,   metallurgy,  geology.     H.  O.   Hofman.  Massachusetts  Institute 
of  Technology,  Cambridge,  Mass.     Hundreds  of  entries,  by  author. 
1SS5-1920.     All  leading  articles  in  periodicals. 
Methanol: 

Charles     Baskerville.     Incomplete.     For     consultation,     write    Library, 
College  of  the  City  of  New  York,  New  York.  N.  Y. 
Mildewproofing: 

See  Waterproofing  (Fenn). 
Milk  Secretion: 

Biochemistry  of  milk  secretion  and  related  nutritional  topics.     Edward 
B.   Meigs,   Dairy  Division,  Experiment  Station,  Beltsville,  Md.     550 
entries,     by     author.      1850-date.     A     few     abstracts     included.     No 
attempt  at  completeness. 
Mineral  Matter: 

See    Metabolism    (Mattill). 
Mineral  Waters: 

See    Metabolism    (Mattill). 
Motor  Fuels: 

Motor    fuels    and    petroleum       E.    H.    Leslie,    University    of    Michigan, 
Ann  Arbor,  Mich.     Several  thousand  entries,  by  author  and  subject. 
Up  to  date.     Abstracts  included  on  many  of  the  cards.     Literature 
and  patents  are  covered  thoroughly. 
See  also  Alcohol  (Leslie). 

Naphthalene: 

Homologs  of  naphthalene.     The  Barrett  Co.,  40  Rector  St.,  New  York. 
N.   Y.     142  entries,   by  author  and    subject.     1869-date.     Abstracts 
included. 
Naval  Stores: 

Naval  stores  (turpentine  and  rosin).  A.  W.  Schorger.  5000  entries 
(572  typewritten  pages)  by  author  and  subject.  Up  to  1912.  Ab- 
stracts included.  Every  available  article  read  and  abstracted.  Im- 
portant articles  translated  or  long  abstracts  made  and  deposited  in 
files,  with  file  number  given  in  the  bibliography.  For  consultarion 
write  Forest  Products  Laboratory,  Madison,  Wis. 
Nitric  Acid: 

See  Nitrogen  Fiiation  (Zeisberg). 
^-Nitrobenzaldehyde: 

C.  G.  King.      1860-1920.     Entries  by  author  and  names  of  compounds. 
American,     English,    and    German    abstract    journals    covered.     For 
consultation,   write   Library,    University  of  Pittsburgh.  Pittsburgh.  Pa. 
Nitrogen  Fixation: 

American  Cyanamid  Co.,  511  Fifth  Ave  ,  New  York,  N.  Y.  Not  com- 
plete. 
Nitrogen  fixation,  nitric  add  manufacturing,  nitric  add  concentration. 
Fred  C.  Zeisberg,  E.  I.  du  Pont  de  Nemours  &  Company,  WUmington, 
Del.  1500  entries,  by  subject.  Abstracts  induded.  All  U.  S.  patents 
and  a  number  of  literature  references.     75  per  cent  complete. 


Production  of  syutheUc  nitric  add  and  •ynthetic  ammonia.     EDginccriog 
Societies  Librariea.  New  York.  N.  V.     837  eotriea.      I78S-I0I7.     Ab- 
structs  included. 
Nitra-i>-phthalic  Acid: 

Set  Phthalic  Acid  (Uogert). 
Nutrition: 
See    MeUboliim;    Proleini    (Mattill). 

Occupational    Diseases: 

Occuf>alii>iiul    (Ii5ea.ies    in    chemical    trades.     Charles    Hajikerville.     In- 
complete.     For  consultation  write  Library,  Collexe  of  the  City  of  New 
York.   New   York,  N.   Y. 
Oil(s): 

See  Fats  and  OiU,  Castor  Oil,  HydrofenatioD,  Viscosity,  Oil  Shale,  Wood- 
tar. 
Oil  Shale: 

Oil  shale  and  shale  oil.  R.  H.  McKrc,  P..  V,  Lyder,  and  R.  T  Goodwin, 
Department  of  Chemical  Engineering,  Columbia  University,  New  York. 
N.  Y.  4.'>0  entries,  by  authors.  1825-July  1021.  AbstracU  included. 
Complete  as  possible.  W.ill  appear  in  Auurican  Ciibmicai.  SociKTY 
monograph  on  this  subject 
Oil  shales.  Eliot  Blackwelder,  317  Railway  Exchange  Bldf.,  Denver. 
Colo.  125  entries,  by  author  and  title.  Abstracts  in  many  cases. 
60  per  cent  complete. 
Oil  Sprays: 

See  Insecticides  and  Fungicides  (Childs). 
Optical  Isomerism: 

Roy  B.   DavLs.  University  of  the  South,  Sewanee,  Tcnn.     2500  enuies. 
by  author  and  subject.     Up  to  1917. 
Organic   Chemistry: 

See  Grignard  Reaction  (Porter);  Industrial  Chemistry  (Strong);  Names 
of  Organic  Compounds. 

Paper: 

See  Pulp  and  Paper  (Libby).  (West). 
Petroleum: 

Emulsions    in    petroleum    (lubricating    oils).     HarriiOn    P.    Smith.    OlA 
South  Virgil  Ave..  Los  Angeles.  Calif.     35  entries,  by  author  and  sub- 
ject.    Up  to    1920.     Abstracts   included.     Not   very  complete. 
Geology  and  statistics  of  petroleum  for  the  United  States.     G.  B.  Rich- 
ardson. U.  S.  Geological  Survey,  Washington,  D.  C.     Several  hundred 
entries,  by  locality.     The  most  important  publications  since    190O. 
Latin-American    petroleum.     E.    W.    Shaw,    302    Cosden    BIdg.,    Tulsa, 
Okla.,  or  170  Broadway,  New  York,  N.  Y.     1000  entries,  by  author. 
90  per  cent  complete. 
Monthly    manuscript    bibliography    of    petroleum.     E.    H.    Burroughs, 
U.  S.  Bureau  of  Mines,  Washington,  D.  C.     Issued  in  mimeographed 
form.     Cumulated  and  published  annually  as  a  Bureau  bulletin. 
Petroleum   and   natural  gas.     E.   DeGolyer,   65   Broadway.   New  York. 
N.  Y.     9000  to  lO.OOO  entries,  by  author  and  locality.      80  per  cent 
complete. 
Petroleum  and  natural  gas:  geologic  occurrence,  statistics  and  technology. 
Johnson.  Huntley,  and  Somers,  Oil  and  Gas  Bldg.,  University  of  PitU- 
burgh,  Pittsburgh,  Pa.     7000  entries,  by  author,  subject,  and  locality. 
Fairly  complete. 
Oils   from   gilsonite.     Emmett   B.   Carmichad,   University  of  Colorado, 

Boulder,  Colo.     December   1920-date.  Two-thirds  complete. 
See  also  Motor  Fuels  (Leslie);  OU  Shale  (McKee). 
Petrology: 

Chemical  analyses  of  igneous  rocks.  H.  S,  Washington,  Geophysical 
Laboratory,  Carnegie  Institution  of  Washington,  Washington,  D.  C. 
1913-date.  Incomplete.  Supplement  to  U.  S.  Geological  Survey. 
Professional  Paper  99. 
Chemical  composition  of  igneous  rocks.  Edward  B.  Mathews.  Johns 
Hopkins  University.  Baltimore.  Md.  9900  entries,  by  rock  names  and 
silica  content.  Practically  complete  to  date. 
Pharmaceutical  Chemistry: 

Pharmaceutical  chemistry  and  botany.     H.  V.  Amy.     Several  thousand 
entries.      1910-date.     Abstracts     included.     For    consultation,     write 
College  of  Pharmacy,  Columbia  University,  New  York,  N.  Y. 
Phenanthrene: 

The  Barrett  Co  ,  40  Rector  St.,  New  York,  N.  Y.     160  entries,  by  author, 
subject,   and   patents.     1900-date.     Abstracts   included. 
Phenols: 

Alkali-insoluble  phenols.     O.  M.  Brewster.  Pullman.  Wash.     88  entries. 
lSSl-1910. 
Phosphates: 

Acid  phosphates  and  superphosphates.     A.  Marshall.  3043  St.  Paul  St. 

Baltimore.  Md.     Entries  by   subject.  18S0-date 
Manufacture  and  uses  of  dicalcium  phosphate.     The  Grasselli  Chemical 

Co.,  Clevdand,  Ohio.     21   entries.     Abstracts  induded. 
Phosphate  deposits.     Eliot  Blackwdder,  317  Railway  Exchange   Bldg.. 
Denver,  Colo.     415  entries  by  author  and  title.     Many  abstracts  in- 
cluded.    80  per  cent  complete. 
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Soluble  phosphates.     Eagineering  Societies  Libraries,  New  York,  N.  Y. 

52  entries.     1878-1917.     Abstracts  included. 
The  Western  phosphate  field.     G.  R.  Mansfield,  U.  S.  Geological  Survey. 
Washington,  D.  C.     160  entries,  by  author.     Many  abstracts  included. 
60  per  cent  complete.     To  be  published  later. 
Phosphoric  Acid: 

Patents  on  phosphoric  acid  and  its  salts.     William  H.  Ross,  Bureau  of 
Soils,  Washington,  D.  C.     404  entries,  by  author,  title  and  patent  num- 
ber.    Covers  whole  period  of  U.  S.  Patent  OflSce. 
Phosphoric   acid.     Engineering   Societies   Libraries,   New   York,    N.    Y. 
81  entries.     187G-1918.     Abstracts  included. 
Phosphorus: 

Engineering  Societies  Libraries,  New  York,  N.  Y.     S3  entries.     1870- 
1917.     Abstracts  included. 
Photochemistry: 

Action  of  light  on  organic  compounds,  visible  spectra  with  few  references 
to  ultra-violet  spectra.     H.  M.  McLaughlin,  Iowa  State  College,  Ames, 
Iowa.     332  entries,  by  author  and  subject.      1850-1921. 
Chemical  action  of  light.     Clarence  J.  West,  National  Research  Council, 

Washington,    D.   C.     2000  entries   by  author.     One-half  complete. 
Light:  theory  of  photochemistry  and  biological  effects.     S.  C.   Brooks, 
Hygienic   Laboratory,    25th   and    E  Sts.,  N.   W.,  Washington.   D.   C. 
Entries  by  author  and  subject.     Up  to  1918  and  occasional  later  en- 
tries.    Abstracts  usually  included.     60  to  70  per  cent  complete. 
Photosynthesis  and  allied  subjects.     H    A.  Spoehr.  Carmel,  Calif.     450 
entries,  by  author      1797-1922.     95  per  cent  complete. 
Photography: 

Physics  and  chemistry  concerned  with  photography.     Research  Labora- 
tory. Eastman  Kodak  Co..  Rochester,  N.  Y.     June  1915-date.     Printed 
cards,  covering  all  leading  periodicals.     Abstracts  included. 
Phthalic  Acid: 

MoDO-nitro-  and  monamino-o-phthalic  acids.     M.  T.  Bogert,  Columbia 
University,  New  York.  N.  Y.     Over  100  entries,  chronological  by  sub- 
ject.    Up    to    1903.     Abstracts    included.     Practically    complete. 
Piscatorial  Chemistry: 

Biological,  physiological,  and  technological  chemistry  of  fishes.  Harden 
F.  Taylor,  Bureau  of  Fisheries,  Washington,  D.  C.  Several  hundred 
entries,  by  subject.  No  effort  made  to  include  all  material  found  in 
Chemical  A  bitracts. 
Chemistry  of  fish  flesh.  Lloyd  H.  Almy,  Bureau  of  Chemistry,  Washing- 
ton, D.  C.  150  entries.  Very  complete  to  1915.  Abstracts  included. 
Pitch  Coke: 

Pitch  coke  for  carbon  electrodes.     The  Barrett  Co.,  40  Rector  St.,  New 
York,   N.   Y.     82  entries,  by  author  and  subject.      1873-date.     Ab- 
stracts included. 
Plant   Chemistry: 

Effect  of  nitrates  on   plants.     H.   G.    MacMillan.   Greeley,   Colo.     396 

entries,  by  author.      18H2-date.     Abstracts  included  in  part. 
Salt  absorption  and  mineral  nutrition  of  plants      R.  B.  Harvey,  Univer- 
sity Farm,  St.  Paul,  Minn.     575  entries,  by  author  and  subject.     Up 
to  date.     Abstracts  included  in  many  cases.     Nearly  all  references  com- 
monly available. 
See  also  Soils  (Eaton);  Tobacco  (Gross). 
Platinum: 

Platinum  metals.     R.  Gilchrist.  Bureau  of  Standards,  Washington,  D.  C. 
200  to  250  entries,  by  title.     January  1,  1918-date.     Brief  abstracts 
in  most  cases.     All  references  in  Chemical  Abstracts  included. 
Poisons: 

Economic  poisons:  substances  used  for  the  control  of  insects,  fungi,  weeds, 
and    rodents.     George    P.    Gray.    State    Department    of    Agriculture, 
Sacramento,    Calif.     20,000    entries,    by    subject.     Covers    Chemical 
Abstracts  1911-1920;  Experiment  Station  Record,  Vols.  13-24. 
PoUsh: 

Potash  as  by-product  from  blast  furnaces  and  cement  mills.     Western 
Precipitation  Co.,  1016  W.  9th  St.,  Los  Angeles.  Calif.     100  entries, 
by    author    and    title.     1904-datc.     Abstracts    included.     Complete. 
Potassium  Chlorate: 

Decomposition  of  potassium  chlorate.     F.  E.  Brown  and  H.  M.  McLaugh- 
lin, Iowa  SUte  College,  Ames,  Iowa.     175  entries,  by  author,  title,  and 
subject.     1840-date.     AbstracU   included    for   about   one-half.     Must 
not  pass  out  of  owner's  possession. 
Proteins: 

Proteins  and  accessory  factors  in  nutrition.     H.  A.  Mattill,  University  of 
Rochester,    Rochester,    N.  Y.     750   entries,    by   subject.     1912-date. 
Abstracts  u^iually  included.     90  per  cent  complete. 
Pulp  and  Paper*  Making: 

C.  E.  Libby.  New  York  State  College  of  Forestry.  Syracuse.  N,  Y.  800 
entries,  by  author,  title,  and  subject.  1914-date.  Very  brief  abstracts 
included.  Covers  four  paper  trade  journals. 
Manufacture,  chemical,  and  physical  properties,  methods  of  testing,  etc., 
of  pulp  and  paper.  C.  J.  West.  National  Research  Council.  Wash- 
ington, D,  C.  5000  entries,  by  author,  arranged  under  principal 
paper-making  subjects.  One-half  complete. 
See  also  Bagasse  (Little) ;  Flax  (American  Writing  Paper  Co.). 


Pyrazoline: 

Pyrazoline  derivatives.  L.  L.  Steele,  Bureau  of  Standards,  Washington, 
D.  C.  70  entries.  Up  to  and  including  1916.  Abstracts  included. 
For  consultation  write  either  to  the  Bureau  of  Standards,  Washington, 
D.  C,  or  Chemical  Library,  Harvard  University,  Cambridge,  Mass. 

Rare  Earths: 

Rare  earths  and  secondary  rare  elements.     Charles  Baskerville.     25,000 
entries.     Not    readily    accessible.     For    consultation,    write    Library, 
College  of  the  City  of  New  York,  New  York.  N.  Y. 
Refractories: 

Clay   and   graphite   refractories.     H.    G.   Schurecht,    Bureau   of   Mines, 

Ceramic  Experiment  Station,  Columbus,  Ohio.  75  per  cent  complete. 
Magnesite  and  dolomite  refractories.  H.  G.  Schurecht,  Bureau  of  Mines, 
Ceramic  Experiment  Station.  Columbus.  Ohio.  300  entries,  by  author, 
title,  and  subject.  1873-1921.  Abstracts  included.  Includes  six 
bibliographies  and  other  references  obtained  from  literature,  being 
fairly  complete. 
Resins: 

See  Naval  Stores  (Schorger);  Terpenes  (Grotlisch). 
Roads: 

Surface  treatment  of  roads  for  laying  dust.    Arthur  D.  Little,  Inc.,  Cam- 
bridge, Mass.     65  entries,  by  author. 
Rosin: 

See  Naval  Stores  (Schorger);  Terpenes  (Grotlisch). 
Rubber: 

Methods  of  rubber  analysts.     Frances  Mc(^vem,  B.  F.  Goodrich  Com- 
pany,   Akron,   Ohio.     289   entries,   by   author  and  subject.     Earliest 
references  to  1920.     Abstracts  included.     Considered  complete. 
Rubber  insulated  cable.     Arthur  D.  Little.  Inc.,  Cambridge.  Mass.     15 
entries,  by  author. 

Salt: 

Salt  and  salines.     W.  C.  Phelan,  The  Solvay  Process  Co.,  Syracuse,  N.  Y. 

Entries  by  author,  title,  and  locality.     Complete  to  date. 
Salt,  sulfur,  and  salt  domes.    E.  DeGolyer,  65  Broadway,  New  York,  N.  Y. 
400  to  500  entries,  by  author  and  locality.     80  per  cent  complete. 
Salvarsan: 

Se-f  Arsphenamine  (Flick). 
Sand: 

Glass  sands.     Charles   H.    Richardson,   Syracuse   University,   Syracuse, 
N.  Y.     25  additional  entries  to  bibliography  published  in  1920  in  "Glass 
Sands  of  Kentucky." 
Sericin: 

Arthur  D.  Little,  Inc..  Cambridge,  Mass.     25  entries,  by  author. 
Smoke: 

Washing  of  smelter  smoke.     F.  A.  Eustis,  131  State  St.,  Boston,  Mass. 
330   entries.     Up   to    1915.     For   consultation,    write   to   compiler   or 
Library,  Harvard  University,  Cambridge,  Mass. 
Soap: 

Hydrolysis  and  detergency  of  soap.     L.  W.  Bosart,  Procter  and  Gamble 
Co.,     Ivorydale,    Ohio.      80    entries,    by    title.      1885-1921.     Fairly 
complete. 
Sodium  Silicate: 

William  Sterickcr,  Mellon  Institute  of  Industrial  Research,  Pittsburgh, 
Pa.     400    entries,    by    author    and    subject.     1850-date.     Abstracts 
included. 
Soils: 

Sulfur  content  of  soils  and  its  relation  to  plant  nutrition.     Scott  V.  Eaton, 
Department  of  Botany,  University  of  Chicago,  Chicago,  111.     Entries 
by  author  and  title.     1910-date.     Very  incomplete. 
Sorrel  Reaction: 

See  Cements  (Schurecht). 
Specific  Heat: 

Specific  heat  of  the  elements,  also  includes  heat  of  fusion  and  other  energy 
changes.     J.   E.   Mills,   Edgewood   Arsenal,   Edgewood,   Md.     Entries 
by  author.     Up  to  1917. 
Starch: 

Hydrolysis  of  starch.     Arthur  D.  Little,  Inc.,  Cambridge,   Mass.     133 
entries,  by  author. 
Steel: 

Boiler  tube  steel.     A.   E.   White,   University  of  Michigan,   Ann  Arbor, 
Mich.     17  entries.     1910-1921.     Includes  most  of  the  pertinent  books 
and  articles  bearing  on  the  subject. 
See  also  Alloys   (Estes);  Iron   (Joint   Committee  on  Phosphorus);  Lead 
Coatings  (Bcrolzheimer). 
Storage  Batteries: 

Storage  batteries;    lead  plate  sulfuric  acid  type.     Paul  H.  Segnitz,  Vesta 
Battery  Corporation,  2100  Indiana  Ave.,  Chicago,  III.     In  process  of 
compilation. 
Sugar: 

Determination  of  sugars  by  reduction  methods.     L.  P.  Hoyt,  Larkin  Co., 
Buffalo,  N.  Y.     60  entries,  by  author,  title,  and  subject.     1841-1913. 
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Development  of  the  sugar  iodustry.     Liiin  A.  BecncI,  1510  Arabella  St.. 

New  Orleans,  La.     Numerous  entries.     Covers  a  period  of  170  yiiirs. 
See  also  Lactose  (Zoller);  Maltose  (Hoyt). 
Superphosphate : 

See  Phosphates  (Marshall). 
Surface  Tension: 

Jessie  Y.  Cann,  Smith  College,  Northampton,  Mass.  Entries  by  author. 
Abstracts  included. 

Tanning; 

See  Leather  (Rogers) ;  Tannins  (Kressmann). 
Tannins: 

Tannins  and  the  tanning  industries,     P,  W.  Kressmann.     .'iOOO  entries 
(316  typewritten  pages),   by  author  and  subject.     Up  to   1911.     Ab- 
stracts included.     For  consultation,  write  Forest  Products  Laboratory, 
Madison,  Wis. 
Terpenes: 

Terpenes,  resins,  turpentine,  rosin,  and  their  general  chemistry,     V.  E. 
Grotlisch,        Leather   and   Paper   Laboratory,     Bureau  of  Chemistry, 
Washington,    D.  C.     500    entries,    by  title    and  subject.       1914-date. 
Abstracts  included  in  some  cases.     75  per  cent  complete. 
Textiles: 

See  Chemistry  (Mullin);  Waterproofing  (Fenn). 
Titanium: 

J.  F.  Haskins,  Ohio  State  University,  Columbus,  Ohio.     1300  entries,  by 
author.     1789  (time  of  discovery)  to  1921.    Abstracts  included.    Nearly 
complete. 
Tobacco: 

Chemistry  and  manufacture  of  tobacco.  Paul  Gross,  Trinity  College, 
Durham,  N.  C.  Entries  by  author  and  subject.  lS50-date  (in  chem- 
istry); 1700-1919  (in  manufacture).  Abstracts  included  in  a  large 
portion  of  the  chemistry  section.  Chemistry  section  about  one-half 
complete. 
Turpentine: 

See  Naval  Stores  (Schorger):  Terpenes  (Grotlisch). 

Vanilla: 

Vanilla  extract.     Arthur  D.  Little,  Inc.,  Cambridge,  Mass.      17  entries, 
by  author. 
Vegetable  Oils: 

See  Fats  and  Oils  (Thurman). 
Viscosity: 

Viscosimeters  and  viscosity  (on  oils).  Charles  A.  Mann.  University  of 
Minnesota,  Minneapolis,  Minn.  200  entries,  by  author,  title,  and 
subject.     Up  to  1914.     Very  complete. 

Viscosity:  (a)  General,  (6)  Rubber  solutions.  G.  D.  Kratz,  The  Falls 
Rubber  Co.,  Cuyahoga  Falls.  Ohio.  Several  hundred  entries.  1900- 
1915.      Abstracts  in  almost  all  cases. 

Viscosity  (fluidity,  plasticity,  lubrication).     Eugene  C.  Bingham,  Lafay- 
ette College,  Easton,  Pa.     2000  entries,  by  author.     1500-1921.     Com- 
plete as  possible. 
Vitamins: 

Walter  H.  Eddy,  Teachers  College,  Columbia  University,  New  York,  N.  Y. 
800  entries,  by  author.  1906-1921.  Fairly  complete.  Partially  pub- 
lished in  his  "Vitamin   Manual," 

J.  F.  McClendon,    Medical    School,     LTniversity  of   Minnesota,  Minne- 
apolis, Minn. 
Volumetric  Chemical  Analysis: 

Volumetric  chemical  analysis,  including  colorimetric,  gasometric,  and 
epimetric  methods.  Launcelot  W.  Andrews,  Williamstown,  Mass. 
17,000  to  20,000  entries,  by  author,  title,  and  subject.  1847-1914. 
1914-date,  fragmentary.      Brief  abstracts  included. 

Water  Glass: 

See  Sodium  Silicate  (Stericker). 
Waterproofing: 

Waterproofing,    mildewproofing,   and   fireproofing   of   cotton,   linen,   and 
burlap  fabrics  in  the  heavier  weights.     Herbert  B.  Fenn,  Metakloth 
Co.,  Lodi,  N.  J.     1868-1920.     Abstracts  included  in  some  cases.     Far 
from  complete. 
Water  Softening: 

See  Zeolites  (Bartow). 
Waters: 

Hydrogen-ion  concentration  of  natural  waters.     F.  C.   Mortensen,  Coe 
College,  Cedar  Rapids,  Iowa.     Abstracts  in  preparation.     Complete. 
Wheat: 

Wheat  milling  and  baking  chemistry  and  chemical  technology.     C.  H. 
Bailey,    University   Farm,   St.    Paul,    Minn.     Entries   by   author  and 
subject.     1900-date.     Abstracts  included  in  one-third  to  one-half  of 
the  entries.     Nearly  complete. 
Wood: 

The  acid  hydrolysis  of  wood.  E.  C.  Sherrard,  Forest  Products  Labora- 
tory, Madison,  Wis.  150  entries,  by  author  and  subject.  1819-date. 
Abstracts  included.  Incomplete.  A  part  is  to  be  published  soon  in  a 
departmental  bulletin. 


Wood  Preservation: 

Wood  preservation,  with  ipccific  reference  to  protection  against  marine 
borers,     Clarence    J.    Weat.      1000    entrici,    by    author.      Two  thirdi 
complete.     For  consultation,   write  Committee  on   Marine   Borer   In- 
vcstigution.  National  Research  Council,  Wuthingtun,  U.  C. 
Wood  Tar: 

Wood  tar  and  wood-tar  oils.  The  Barrett  Co.,  40  Rector  St.,  New  York, 
N.  Y.  12H  ■i.iri.-.  I.v  uMihor  and  subject.  lN7I-date.  AbitrscU 
included 

Zein: 

Chemistry  of  iiici       Ailhui  1»    l.iltle.  Inc  ,  Cambridge.  .MaM       15  eo trio, 
by  author. 
Zeolites: 

Use  of  zeoUtcs  in  water  softening.  Edward  Bartow  and  G.  C.  Baker, 
State  University  of  Iowa,  Iowa  City,  Iowa.  214  entries,  by  author. 
1907-1921.      Abstracts  included       I'ractically  complete 


Makin{>;  ("hciiii.sLiy  a  White  Ail 

By  H.  W.  Jordan 

133  STOUP  Avb.,  Svracusk,   N.    v. 

Advertising  is  a  principle  as  fundamental  as  Kekule's  benzol 
ring.  It  pays  to  advertise  the  America.n  Chemical  Societv 
in  order  to  destroy  the  popular  notion  that  a  chemist  is  a  bald- 
headed,  black-capped,  back-room  hermit,  whose  characteristic 
pose  is  that  of  looking  for  a  precipitate  in  an  old-fashioned, 
alembic  glass  retort  filled  with  malt  whiskey. 

It  was  pretty  generally  noised  about  during  1917  and  1918 
that  it  was  a  chemist's  war.  We  admitted  it.  Now  that  peace 
rages,  there  is  little  said  in  the  newspapers  about  its  being  a 
chemist's  peace.  Yet  so  far  as  peace  is  permitted  to  prevail 
by  prime  ministers  and  Congress,  it  is  the  peace  of  the  chemist 
and  engineer.  Although  the  mark  and  rouble  have  fallen  to 
ultramicroscopic  value,  and  the  price  of  food,  fuel,  and  housing 
have  grown  to  be  measured  almost  in  units  of  Ught  years,  the 
chemist  produces  a  ton  of  pig  iron  with  the  same  weight  of  coke 
and  the  engineer  evaporates  the  same  volume  of  water  with  a 
poimd  of  coal  as  in  1914. 

Since  these  things  are  so,  why  not  let  the  public  know  it? 

In  arranging  programs  for  this  year.  Local  Sections  of  the 
American  Che.mical  Society  can  do  splendid  service  for  the 
chemical  profession  by  devoting  a  part  of  the  lectures  to  subjects 
of  common  interest  that  will  draw  big  general  audiences  to  as- 
semble with  our  technical  selves.  We  can  climb  down  from  our 
high  scientific  niche  for  a  noon  hour  or  an  evening  to  tell  folks 
something  of  our  valuable  work  in  the  essential  industries  of 
iron  and  steel,  sugar,  glass,  or  soap.  We  can  show  people  the 
chemical  side  of  laundry  processes,  of  milk  and  its  products, 
and  of  city  sanitation.  These  topics,  especially  if  illustrated, 
will  draw  scores  where  units  now  attend.  At  the  same  time,  the 
lectures  can  be  made  as  instructing  to  ourselves  as  though  given 
before  the  usual  section  audience  of  a  couple  dozen  chemical 
hardy  perennials. 

Lots  of  folks  live  on  top  of  a  thick  coal  vein,  but  if  it  doesn't 
crop  out  so  that  they  stumble  over  it  and  blacken  their  bands, 
they  never  know  the  coal  is  there.  Our  one  himdred  million 
Americans  live  in  a  daily  world  of  chemistry,  yet  only  a  tiny 
fraction  of  them  realize  it.  People  say,  "Oh,  he  is  a  chemist, 
is  he?"  in  much  the  same  tone  as  they  remark,  "How  natural 
he  looks,"  at  a  fimeral. 

If  we  would  have  our  achievements  properly  valued,  we  need 
spread  them  in  the  show  «-indows  to  be  admired  and  appreciated. 
Rotar>-  Clubs,  Chambers  of  Commerce,  Commonweal  Clubs, 
Women's  Congresses,  and  dozens  more,  comb  the  country  every 
winter  for  able  speakers  on  any  timely  subject.  If  we  expose 
our  chemical  orators  to  this  raking,  some  of  them  will  be  joyfully 
gathered  in  as  star  attractions  before  crowds  of  business  men  and 
women.  Thus,  our  profession  of  chemistry  will  get  some  of 
its  share  of  deserved  publicity.  Incidentally,  chemists  will 
become  more  effective  citizens. 
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Electrometric  Titration  of  Sulfurous  Acid  with 
Permanganate' 

By  W.  S.  Hendrixson  and  L.  M.  Verbeck 
Department  op  Ciieuistby,  Grinnbll  Coi.i.ege,  Grinnell,  Iowa 


THE  PURPOSE  of  this  work  was  to  determine  whether 
sulfurous  acid  in  acid  solution  is  completely  oxidized  to 
sulfuric  acid  by  an  excess  of  permanganate,  as  stated  in 
the  literature.  If  so,  the  excess  of  permanganate  should  be 
easily  and  accurately  detenninal)le  eleetrometrically  with 
potassium  iodide,  thus  giving  a  simple  method  for  determining 
sulfur  dioxide,  sulfurous  acid,  or  sulfites.  The  results  show  that 
with  a  small  or  large  excess  of  permanganate  only  about  90 
per  cent  is  oxidized  to  sulfuric  acid,  the  remainder  of  the  sulfurous 
acid  probably  forming  dithionic  acid. 

The  practicability  of  titrating  sulfurous  acid  with  permanga- 
nate sceras  so  obvious  that  it  is  not  surprising  that  it  has  been 
attempted  by  many  chemists,  although  the  results  have  many 
times  been  shown  to  be  too  low  and  discordant.  For  this  fact 
two  causes  have  been  assigned,  loss  of  sulfur  dioxide  and  the 
incomplete  oxidation  to  sulfuric  acid  by  permanganate  whether 
in  excess  or  not.  Nearly  forty  years  ago  Honig  and  Zatzek^ 
stated  that  permanganate  did  not  oxidize  sulfurous  acid  com- 
pletely to  sulfuric  acid  in  acid  solution,  but  only  in  neutral  or 
alkaline  solution.  In  titrating  sulfurous  acid  with  perman- 
ganate Dymond  and  Hughes'  obtained  as  the  average  88.9  per 
cent  of  the  oxygen  used  as  compared  with  theory  for  complete 
oxidation.  By  separate  experiments  on  a  large  scale  they  defi- 
nitely proved  the  formation  of  dithionic  acid  when  they  at  the 
same  time  ran  permanganate  and  sulfur  dioxide  into  cold  water, 
keeping  the  sulfur  dioxide  in  excess.  They  regarded  the  forma- 
tion of  the  dithionic  acid  as  an  essential  part  of  the  reaction,  and 
due  to  a  stage  in  the  reaction,  namely,  the  reduction  of  Mn02  to 
MnO.  Their  equation  is 
17H,SO,  -f  GKMnOi  =  2KiSjO,  -f  KjSO.  +  OMnSO*  +  6H2SO4 

+  llHjO 
which  would  require  88.2  per  cent  of  the  oxygen  required  for 
complete    oxidation    to    sulfurous   acid.     They    say,    however 
"When  a  solution  of  sulfurous  acid  is  poured  into  an  excess  of 
permanganate,  only  sulfuric  acid  is  formed." 

Pinnow*  carried  out  several  series  of  titrations  of  sulfite  with 
permanganate  in  parallel  with  titrations  by  the  iodine  method. 
The  oxidation  to  sulfuric  acid  was  never  found  to  be  complete. 
Temperature,  concentration,  and  acidity  had  little  influence. 
His  results  varied  from  90.9  per  cent  in  acid  to  97.2  in  alkaline 
solution.  He  also  assigned  the  discrepancy  to  the  formation 
of  varying  amounts  of  dithionate. 

Possibly  encouraged  by  the  statement  quoted  from  Dymond 
and  Hughes,  two  papers  have  appeared  which  propose  the  de- 
termination of  sulfurous  acid  by  oxidation  with  an  excess  of 
permanganate.  Milbauer'  added  a  very  dilute  solution  of 
the  sulfurous  acid  to  ten  times  the  permanganate  theoretically 
necessary  to  oxidize  it  to  sulfuric  acid  and  determined  the  excess 
with  oxalic  acid.  Even  though  the  oxidation  were  complete,  it 
would  be  diflicult  to  determine  the  fact  by  difference  in  his 
method,  owing  to  the  large  magnification  of  the  unavoidable 
error  in  determining  such  a  great  excess  of  permanganate. 
Sweeney,  Outcault,  and  Withrow'  added  sulfur  dioxide  or  sulfite 
'  Received  Moy  1.1,  1922. 
'  Ktonalsh.,  «  (1900),  733. 

•  J.  Chem.  Soc,  7  (1897),  314. 

<  Z.  anal.  Chem.,  43  (1904),  91. 
•;6id..48(1909),17. 

•  Tms  JouBNAL,  9  (1B17),  949. 


to  an  excess  of  permanganate  and  determined  the  excess  color- 
imetrically.  They  insist  on  an  excess  of  permanganate  at  all 
times.  This  permanganate  was  standardized  with  specially 
purified  sodium  sulfite.  However,  a  later  communication' 
from  the  same  laboratory  showed  the  impossibility  of  preparing 
in  weighable  condition  pure  sodium  sulfite  and  called  in  ques- 
tion all  determinations  of  sulfite  based  on  sodium  sulfite  as  a 
standard. 

Though  the  preponderance  of  evidence  seemed  to  be  against 
the  complete  oxidation  of  sulfurous  acid  in  acid  solution  by  a 
moderate  excess  of  permanganate,  the  question  seemed  to  merit 
a  more  rigorous  test  than  had  apparently  been  applied  to  it, 
and  the  electrometric  method'  as  applied  in  the  determination  of 
nitrous  acid  seemed  to  meet  the  requirements. 

The  starting  point  was  a  solution  of  sodium  sulfite  placed  in 
an  atmosphere  of  hydrogen  by  use  of  an  apparatus  practically 
the  same  as  that  used  by  Thornton  and  Chapman.'  After 
standing  three  or  four  days  it  was  standardized  by  the  iodine 
method.  In  all  titrations  recently  boiled  water  was  used  and 
the  titrating  vessel  was  kept  full  of  carbon  dioxide.  Loss  of 
sulfur  dioxide  was  prevented  by  use  of  series  of  bulbs  containing 
iodine  and  potassium  iodide  solutions  in  the  standardizations, 
potassium  permanganate  in  the  titrations  with  permanganate. 
On  account  of  the  rapid  change  in  the  concentration  of  the 
sulfite  solution  it  was  restandardized  by  the  iodine  method  on 
the  same  days  that  its  concentration  was  determined  with  per- 
manganate. Though  protected  in  the  apparently  perfectly  work- 
ing apparatus  which  maintained  an  outward  pressure  of  hydro- 
gen equal  to  about  20-cm.  water  pressure,  the  sulfite  solution 
lost  daily  about  1  per  cent  of  its  reducing  power.  This  would 
require  for  the  average  amount  of  solution  stored  the  access  of 
about  40  cc.  of  air  daily,  which  seems  impossible,  and  the  facts 
incline  one  to  the  view  of  Shenefield,  Vilbrandt,  and  Withrow' 
that  the  salt  suffers  autoxidation. 

In  carrying  out  the  electrometric  determinations  with  per- 
manganate, a  weighed  amount  of  this  solution  was  placed  in 
the  titration  vessel,  an  amount  of  dilute,  recently  boiled  and 
cooled  sulfuric  acid  was  added  to  make  the  acid  concentration 
about  normal  at  the  end  of  the  experiment,  and  a  rapid  stream 
of  purified  carbon  dioxide  was  run  through  the  solution  for 
several  minutes.  The  current  of  gas  was  slowed  down,  the 
mechanical  stirrer  was  started  and  sufficient  sulfite  solution  was 
nm  in  to  use  about  half  of  the  permanganate  in  Series  1,  nearly 
all  in  Series  2,  and  to  the  end-point  in  Series  3.  In  Series  1 
and  2  the  excess  of  permanganate  was  destroyed  by  a  slight  ex- 
cess of  known  potassium  iodide  and  then  permanganate  was  run 
in  until  the  voltage  showed  the  end-point  had  been  reached.  The 
high  degree  of  uniformity  attained  liy  essentially  the  same  method 
in  the  determination  of  nitrous  acid'  was  not  reached  in  the  ti- 
tration of  sulfurous  acid,  indicating  that  the  reaction  in  the 
latter  case  is  variable,  depending  upon  small  differences  in  con- 
ditions that  cannot  be  easily  discovered  or  controlled.  Only  a 
few  representative  determinations  are  selected  for  each  series. 
The  value  of  the  permanganate  was  found  by  sodium  oxalate 
to  be  0.05  N  X  1.033. 

»  Chem.  Mel.  Ebj.,  36  (1921),  9.')3. 

<  Hendrixson,  J.  Am.  Chem.  Soc,  43  (1921),  1309. 

*Ibi4.,*S  (1921),  91. 
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I'lIRMANGANATif 

KMuOi 

Reduced 

Cc. 

Excess 

KMnO. 

Cc. 

NatSO, 
Cc. 

37.01 
38.86 
51.27 
31.28 

39.64 
41.74 
30 ,  88 
16.73 

24 .  r,o 
24  95 
33  25 
20.00 

AVRR. 

SllRias  1 — *J*ITKATION  OP  SuLPlIROUS  AciD  WITH  A   LaROI{  ExCKSS  OF 

H.SO. 

to  1  Cc. 
0.00326 
0.00320 
0  0032(1 
0.003.30 
0,003275 

The  iodine  method  may  not  be  perfect,  but  it  is  the  best  wc 
lave  and  is  doubtless  accurate  enough  for  present  purposes. 
Three  determinations  in  parallel  by  the  iodine  method  gave 
0.00352  sulfurous  acid  in  1  cc.  of  the  sulfite  sohition,  which 
means  that  the  permanganate  gave  only  93  per  cent  of  its  value. 

SSRiRS  2 — Titration  of  Sulfurous  Acid  with  a  Slight  Excess  of 


Permanganatb 

KMnO. 

Reduced 

Cc. 

Kxcess 

KMnOi 

Cc. 

NaiSOi 
Cc. 

H,SOi 
to  1  Cc. 

36  39 
37.10 
63.20 

4.10 

2.84 
3.39 

24.95 
25.00 
36.20 

0  00309 
0.00314 
0.00311 

AvHRAGK.  . 

.    0.003113 

The  iodine  method  gave  at  the  same  date  0.003476,  or  the 
permanganate  method  gave  89.6  per  cent  of  the  sulfurous  acid 
present. 

Two  titrations  as  shown  in  Series  3  were  made  by  running  the 
sulfite  solution  into  acidified  permanganate  to  the  end-|)oint, 
with  the  result  that  the  percentage  of  oxidation  was  found  not 
materially  different. 


3KSI0 

;ft  3 — Titration  of  Sulfurous  Acid  wn 
TUB  End-Point 

ein. 

KMnO<  Reduced            NaiSOi  Uwd 
Cc.                              Cc. 

I 
2 

44.72                            30.80 
63.18                            42.80 

0  00311 
0.00314 
AvBRAGB.. .  0.003I2S 

The  iodine  method  gave  on  the  same  day  0.00340,  which  is 
equivalent  to  91.9  per  cent  of  the  sulfurous  acid  present. 

The  conclusion  based  on  our  results  and  the  records  of  the  work 
of  others  on  this  subject  is  that  the  development  of  an  accurate 
method  for  the  determination  of  sulfurous  acid  with  perman- 
ganate is  impracticable,  perhaps  impossible. 


Some  Notes  on  the  Early  Indigo  Industry  in  the  South' 


By  B.  B.  Ross 
Alabama  Polytbchnic  Institute,  Auburn,  Ala. 


THE  INDIGO  industry  was  one  of  the  oldest,  and  his- 
torically one  of  the  most  interesting,  of  the  early  chemical 
industries  of  the  southern  states.  The  precise  date  of 
the  introduction  of  indigo  culture  into  this  coimtry  is  somewhat 
imcertain,  but  it  secured  a  foothold  in  several  of  the  southern 
colonies  early  in  the  ISth  century. 

In  Louisiana  as  early  as  1720,  planters  were  furnished  indigo 
seed  by  the  Louisiana  Company,  and  in  1723  the  South  Carolina 
Colonial  Legislature  granted  a  bounty  on  indigo  to  stimulate  its 
production. 

By  1746  the  industry  had  reached  such  a  flourishing  condition 
that  the  bounty  was  repealed,  but  the  British  government  by 
Act  of  Parliament  in  1748  authorized  the  payment  of  an  export 
bounty  of  6  pence  per  poimd  on  indigo  shipped  to  the  mother 
country. 

According  to  Dr.  D.  D.  Wallace,  professor  of  history  and 
economics  in  Wofford  College,  S.  C,  the  establishment  of  the 
culture  and  production  of  indigo  upon  a  successful  and  economic 
basis  was  due  chiefly  to  the  efforts  of  a  woman.  Miss  Eliza  Lucas, 
daughter  of  Governor  Lucas  of  Antigua,  and  who  subsequently 
became  the  wife  of  Col.  Charles  Pinckney.  At  her  home  on 
Ashepoo  plantation  near  Charleston  she  carried  out  numerous 
experiments  connected  with  the  growing  of  indigo  and  the  prepara- 
tion for  the  market,  and  after  encountering  many  difficulties  and 
discouragements  her  endeavors  met  with  success  and  gave  a 
marked  impetus  to  the  development  of  the  industry  in  the 
colony. 

Professor  Wallace  states  that  the  best  results  were  obtained 
from  growing  seed  imported  from  Guatemala,  though  the  in- 
digenous indigo  was  grown  to  some  extent. 

The  method  of  preparation  of  the  crude  indigo  for  the  market, 
as  given  by  the  same  writer,  was  as  follows: 

The  entire  bush  was  laid  in  a  stout  pine  or  cypress  vat  about 
sixteen  feet  square  and  two  and  one-half  feet  deep,  with   the 

1  From  a  paper  on  "Some  of  the  Early  Chemical  Industries  of  the 
South"  presented  before  the  Section  on  History  of  Chemistry,  at  the  63rd 
Meeting  of  the  American  Chemical  Society,  Birmingham,  Ala.,  April  3  to 
7.  1922. 


bottom  raised  about  four  feet  from  the  ground.  This  was  the 
steeper.  A  quantity  of  plants  held  down  by  sticks,  with  weights 
laid  upon  them,  was  immersed  in  water  and  left  to  steep  for 
about  twelve  hours.  The  foaming  and  bubbling  due  to  chemical 
action  being  finished,  the  water  was  let  off  through  a  hole  near 
the  bottom  into  another  tank  or  vat,  called  the  beater.  In  this, 
the  indigo  water  was  agitated  violently  for  several  hours  by 
means  of  paddles — a  process  usually  conducted  by  hand,  but  by 
some  planters  by  means  of  a  paddle  wheel  somewhat  like  the 
stern  wheel  of  a  river  boat.  *  *  *  From  time  to  time  lime 
water  was  added  from  a  tank  or  barrel  which  stood  beside  the 
beater. 

The  master  indigo-maker  decided  from  specimens  dipped  up 
in  a  saucer  when  the  flakes  had  reached  the  proper  degree  of 
precipitation,  after  which  the  liquid  was  left  to  settle.  A 
fine  blue  silt  collected  on  the  bottom.  The  liquid  above  was  let 
off  through  a  succession  of  holes  in  the  side  of  the  beater  and  the 
indigo  silt  scooped  up  and  reduced  by  pressure  to  cakes,  which 
were  dried  under  a  shed. 

The  commercial  grades  of  the  product  were  designated,  in 
the  order  of  quality  from  highest  to  lowest,  as  "fine  blue," 
"ordinary  blue,"  "fine  purple,"  etc.,  while  the  most  inferior 
quality  was  known  as  "ordinary  copper." 

As  a  rule  in  the  southern  colonies  there  were  two  cuttings  of 
indigo  each  season,  the  first  in  May  or  June,  and  the  second  in 
September. 

The  amount  of  indigo  exported  from  South  Carolina  in  1748 
was  134,118  lbs.,  which  increased  to  1,150,662  lbs.  in  1775.  In 
Louisiana  the  exports  of  the  province  reached  a  total  value  of 
$100,000  for  the  year  1769,  while  in  1775 'a  single  settlement  ex- 
ported 50,000  lbs. 

The  yield  of  indigo  per  acre  in  the  southern  colonies  ranged 
from  20  to  100  lbs.,  the  average  yield  given  by  one  authority 
being  30  lbs.  per  acre.  The  selling  price  of  the  product  was 
quoted  as  ranging  from  2'/5  shillings  sterling  up  to  $1-20  per  lb., 
and  under  exceptional  conditions  as  high  a  figure  as  S2.25  per 
lb.  was  said  to  have  been  realized. 

The  culture  and  production  of  indigo  in  South  Carolina, 
Georgia,  and  Louisiana,  played  an  important  part  in  the  economic 
and  agricultural  development  of  those  colonies,  and  in  South 
Carolina  and  southeast  Georgia  the  indigo  and  rice  crops  were 
the  chief  sources  of  wealth  of  the  large  planters  near  the  coast. 
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supplying,  as  one  writer  has  stated,  "the  necessary  material 
basis  for  the  rich  and  cultured  low  country  aristocracy  whose 
influence  upon  the  history  of  that  section  has  been  so  powerful." 

As  a  result  of  the  loss  of  the  English  export  bounty  on  indigo, 
and  of  the  invention  of  the  cotton  gin,  cotton  culture  after  the 
Revolution  rapidly  displaced  the  growing  of  indigo  in  South 
CaroUna  and  Georgia,  while  in  Louisiana  sugar  soon  became  a 
successful  rival  of  indigo. 

Still  another  factor  contributing  to  the  downfall  of  the  indus- 
try was  the  supposedly  bad  effects  of  the  indigo  process  upon 
the  health  of  the  operatives.  A  writer  of  the  period,  in  discuss- 
ing this  feature  of  the  industry,  said,  "The  whole  process  was 
of  the  most  disgusting  and  disagreeable  character,  and  myriads 


of  flies,  generated  by  it,  overspread  the  whole  country.  The 
fetor  arising  from  the  putrid  weed  thrown  from  the  vats  was 
intolerable."  Drainage  from  vats  which  found  its  way  into 
streams  killed  the  fish  therein  and  polluted  these  water  courses. 

Although  the  large-scale  exportation  of  indigo  ceased  before 
the  beginning  of  the  last  century,  the  production  of  indigo  for  do- 
mestic consumption  continued  for  many  years  thereafter,  and 
as  late  as  1845  as  much  as  35,000  lbs.  of  indigo  were  produced  in 
Orangeburg  County,  South  Carolina. 

During  the  Civil  War  the  indigo  industry  was  revived  to  a 
certain  extent  and  this  important  dyestuff  was  produced  in 
limited  quantities  to  meet  the  domestic  demand. 


GRASSELLI  MEDAL  AWARD 


Al  the  meeting  of  ihe  Society  of  Chemical  Industry  at  Rumford 
Hall.  New  York  City,  on  October  20.  1922.  the  Grasselli  Medal  was 
presented  to  Mr.  Waller    H.    Falweiler,  chemical  engineer  of  the 
United   Gas    Improcement    Co.,    Philadel- 
phia, Pa.     This  medal  is  awarded  annually 
by  the  American  Section  of  Ihe  Society  of 
Chemical  Industry  for  ihe  paper  presented 

Presentation 

By  Harlan  S.  Miner 

THE  American  Section  of  the  Society 
of  Chemical  Industry  is  highly 
favored  in  being  able  to  give  some 
tangible  recognition  to  the  meritorious 
papers  presented  at  its  meetings.  The 
Grasselli  medal  and  the  conditions  con- 
trolling its  award  arc  distinctly  American 
in  character.  The  fact  that  it  is  awarded 
for  tlie  paper  which,  in  the  opinion  of  the 
Medal  Committee,  offers  the  most  useful 
suggestions  in  applied  chemistry,  makes 
it  peculiarly  appropriate  in  an  industrial 
society.  This  is  only  one  of  many  ways 
in  which  the  donors  are  advancing  the  pro- 
fession of  chemistry  in  the  United  States. 

The  Committee  of  Awards  has  this  year  unanimously  chosen 
as  the  recipient  of  this  honor,  Walter  Herbert  Fulwciler,  of  Phila- 
delphia, in  recognition  of  the  paper  which  he  presented  at  the 
March  meeting  of  the  Section  entitled,  "Chemical  Problems  in 
the  Gas  Industry." 

The  medalist  was  bom  in  Philadelphia,  January  3,  1880, 
received  his  preparatory  education  in  the  William  Penn  Charter 
School,  and  was  graduated  from  the  University  of  Pennsylvania 
in  1901,  with  the  degree  of  B.S.  in  chemistry. 

Having  decided  to  devote  his  attention  to  the  gas  industry, 
he  first  accepted  a  position  as  chemist  at  one  of  the  stations  of 
the  Philadelphia  Gas  Works.  We  next  find  him  as  cadet  engi- 
neer and  later  as  superintendent  of  manufacture  of  the  Kansas 
City  Gas  Company.  Returning  to  Philadelphia  in  1907,  he 
entered  the  Department  of  Tests  of  the  United  Gas  Improvement 
Company,  in  1913  becoming  chief  chemist,  and  in  1920  chemical 
engineer  for  that  company. 

As  might  be  expected,  Mr.  Eulweiler's  work  in  connection  with 
the  gas  industry  has  been  of  a  very  practical  nature,  and  has  had 
a  decided  economic  application,  although  he  has  by  no  means 
ignored  the  theoretical  or  purely  scientific  side  of  his  subject. 
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before  that  Section  which  offers  the  most  useful  suggestion  in 
applied  chemistry.^  Mr.  Fulweiler  is  the  second  recipient  of  this 
honor,  the  first  award  having  been  made  to  Dr.  Allen  Rogers,^ 
professor  of  industrial  chemistry  al  Pratt 
Institute,  Brooklyn,  N.  Y.,  for  his  paper 
on  "Industrial  Uses  for  the  Shark  and 
Porpoise." 

With  an  intimate  personal  knowledge  of 
the  industry  both  from  an  American  and 
a  European  point  of  view,  he  constructed 
one  of  the  first  waste  heat  boilers  on  a 
water-gas  set.  Then  he  assisted  in  the 
design  and  erection  of  the  first  American 
type  of  vertical  retort  at  Manchester, 
N.  H. 

The  utilization  of  some  of  the  ill-smell- 
ing   by-products  of  the  gas   industry  is 
worthy  of  note  in  this  connection.     Our 
medalist  developed    and    introduced   the 
successful     road-binder     produced     from 
water-gas  known  as  "Ugite;"  also  the  first 
cold   patching   material    made    from    tar 
which   is   now  extensively   used   in  road 
maintenance.     In    connection    with    this 
work,  he  invented  the  "cut  back"  method 
for  manufacturing  tar  products  used  in  the  surface  treatment  of 
roads,    and   also   devised    an    apparatus    for    determining    the 
binding  value  of  pure   bitumens  in  road   construction. 

The  refining  of  benzol  products  as  recovered  from  illuminating 
gas  was  thoroughly  investigated,  particularly  with  reference  to 
the  production  of  toluene.  Like  many  another  loyal  chemist 
cormected  with  our  "key"  industries,  he  collaborated  with  the 
Ordnance  Department  during  the  war,  studying  particularly 
the  manufacture  of  toluene.  In  addition  to  reporting  on  .several 
methods  for  the  production  of  this  material  so  urgently  needed 
at  that  time,  he  developed  and  perfected  a  process  for  its  manu- 
facture by  a  heat  treatment  of  California  distillates,  and  assisted 
in  the  construction  and  operation  of  two  plants  embodying  this 
process — one  at  Los  Angeles  and  the  other  at  San  Francisco, 
the  former  having  a  production  of  three  million  gallons  a  year 
at  the  time  of  the  armistice. 

Another  subject  upon  which  Mr.  Fulweiler  worked  during  the 
war  period  was  the  development  of  a  motor  fuel  for  our  Air  Ser- 
vice, finally  producing  one  as  a  by-product  from  the  operation 

'  This  Journai,,  11  (1919),  162. 
'  Ibid.,  la  (1920).  1128. 
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•of  the  toluene  process,  which  under  tests  at  the  flying  fields 
enabled  the  training  plane  to  climb  about  5  per  cent  faster  with 
an  economy  in  fuel  consumption  of  about  8  per  cent.  This 
fuel  consisted  essentially  of  60  per  cent  unsaturated  hydrocar- 
bons, 30  per  cent  benzene,  and  10  per  cent  paraffin  hydrocarbons. 
Refined  by  a  special  process,  he  fouiul  by  service  tests  that  it  was 
possible  to  eliminate  gumming  and  corrosion. 

In  more  recent  years  our  medalist  has  made  an  extensive 
study  of  the  petroleum  oils  used  in  the  gas  industry,  with  special 
attention  to  the  development  of  methods  for  their  identification. 
These  researches,  which  arc  still  in  progress,  involve  the  prepa- 
ration of  a  large  number  of  hydrocarbons  from  different  series 
and  then  the  determination  of  their  physical  constants,  among 
which  are  a  number  of  unusual  ones,  such  as  magnetic  rotation, 
electrostatic  double  refraction,  and  absorption  spectra,  par- 
ticularly in  the  ultra\'iolet. 

An  examination  of  the  many  articles  from  Mr.  Fulweiler's  pen, 
and  published  in  various  journals,  indicates  still  further  the  great 
diversity  of  his  researches  and  developments.  A  paper  on 
"Physical  Theory  of  Coal  Carbonization"  as  early  as  1908  was 
awarded  the  Bcale  Medal  by  the  American  Gas  Institute.  This 
was  followed  by  "Theory  of  Flame  and  Mantle  lUuminosity," 
"Physical  Characteristics  of  Ferric  Oxide,"  "Purification  of 
Water  for  Gas-Making  Purposes,"  "A  Source  of  Light,  Giving 
a  Continuous  Spectrum  in  the  Ultraviolet,"  "The  Development 
of  Modem  Road  Surfaces,"  "Destructive  Action  of  Motor 
Traffic  on  Road  Surfaces,"  and  "Refractory  Problems  in  the  Gas 
Industry." 

The  subjects  of  wood  preserving  and  of  refractories,  both 
vital  to  the  economic  success  of  a  gas  plant,  have  received  very 
-careful  study,  as  have  also  the  many  intricate  problems  involved 
in  gas  purification.  In  this  field  researches  have  been  conducted 
to  determine  the  nature  of  the  sulfur  compounds  in  illuminating 
gas,  and  also  the  chemical  reactions  involved  in  the  purification 
by  iron  oxide  and  its  subsequent  revivification. 

These  and  other  papers  in  addition  to  the  one  for  which  this 
medal  is  awarded,  demonstrate  conclusively  that  the  industry 
which  had  its  inception  over  a  century  and  a  quarter  ago  in  a 
relatively  crude  way,  now  maintains  its  important  position  as  a 
result  of  systematic  scientific  research  and  control.  Notwith- 
standing the  volumes  that  have  already  been  written  describ- 
ing the  work  of  the  scientists  in  this  and  earlier  generations, 
our  medalist  has  found  new  fields  to  investigate  and  with  re- 
sults that  have  materially  advanced  the  industry  in  which  he 
has  chosen  to  labor. 

We  are  glad  to  find  a  man  who  will  freely  impart  of  the  infor- 
mation obtained  through  his  researches  and  experience  and  is 
willing  to  publish  papers  which,  as  our  donors  suggest,  "offer  use- 
ful suggestions"  to  his  colleagues. 

On  behalf  of  the  American  Section  of  the  Society  of  Chemical 
Industry,  I  am  honored  in  presenting  to  you — Mr.  Fulweiler — 
this  beautiful  medal,  not  so  much  as  an  incentive  to  spur  you  on 
to  other  and  increasing  activities,  for  you  do  not  seem  to  require 
such  a  stimulus,  but  as  a  token  of  appreciation  from  your  many 
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friends  in  the  chemical  profession.  May  you  ever  see  in  it  an 
expression  of  our  good  will  and  may  it  bring  you  nmch  hap- 
piness throughout  a  long  and  useful  life. 


Acceptance 

By  W.  H.  Fulweiler 

In  accepting  this  beautiful  GrasscUi  medal,  I  find  it  difficult 
properiy  to  express  my  appreciation  of  the  many  complimentary 
remarks  you  have  made  about  my  work.  I  am  going  to  refrain 
from  saying  the  usual  things  about  my  unworthincss,  as  I  feel 
that  this  would  be  a  reflection  of  the  committee's  judgment, 
and  I  wish  to  assure  you  that  I  am  not  unmindful  of  the  honor 
that  has  been  bestowed  on  me. 

Thirty  years  ago  the  gas  industry  was  doomed  to  early  oblivion 
by  the  glowing  possibilities  of  electricity.  In  spite  of  the  tre- 
mendous strides  of  the  electrical  industry  as  a  comix-titor,  the 
gas  industry  to-day  employs  five  times  as  many  men  as  it  did  in 
1890,  its  products  have  ten  times  their  value  and  the  money 
invested  would  to-day  approximate  $4,000,000,000,  which  is 
nearly  twenty  times  that  invested  in  the  industry  in  1890. 
If  the  recent  predictions  of  a  prominent  statistician  regarding  the 
early  demise  of  the  industry  prove  to  be  as  correct  as  the  pre- 
dictions of  1890,  we,  in  the  industry,  will  have  little  to  worry  us. 

It  is  true  that  the  gas  industry  has  lost  a  considerable  portion 
of  its  lighting  business.  This  has  probably  been  fortunate, 
rather  than  unfortunate,  as  it  has  undoubtedly  tjeen  a  strong 
factor  in  eliminating  the  candle-power  standards  which  prevented 
real  progress  of  the  industry  for  so  many  years. 

The  future  of  our  industry,  as  I  see  it,  is  to  be  the  delivery  of  heat 
energy  in  the  most  convenient,  efficient,  and  economical  form.  A 
modem  carbureted  water-gas  plant  will  deliver  in  the  form  of  sala- 
ble gas  nearly  70  per  cent  of  the  heat  energy  put  into  the  process. 

To-day,  a  great  deal  of  attention  is  being  given  to  what  is  called 
the  complete  gasification  of  coal,  as  by  this  means  we  hope  to 
transform  even  a  greater  percentage  of  heat  energy  in  the  fuel 
into  gas.  The  processes  that  have  been  evolved  to  date  yield 
a  gas  of  much  lower  heating  value  from  that  which  we  are  accus- 
tomed, being  in  the  neighborhood  of  340  B.  t.  u.  per  cu.  ft.,  but 
it  may  well  be  that  the  heating  value  of  the  future  will  approx- 
imate this  figure. 

TcchnicaUy,  the  gas  industry  is  in  the  position  of  utilizing  in 
everyday  practice  some  of  the  most  complicated  chemical  and 
physical  reactions  with  very  vague  ideas  of  the  mechanism  in- 
volved, so  that  there  is  a  large  field  for  research  work  in  de- 
termining the  "why"  of  many  of  our  commercial  processes. 
A  good  start  has  been  made,  but  there  is  a  tremendous  amount  of 
work  yet  to  be  done. 

I  wish  to  take  this  opportunity  to  express  my  thanks  to  the 
Grasselli  Chemical  Company  for  its  generosity  in  providing  this 
medal,  to  the  Committee  for  their  consideration  in  awarding  it 
to  me,  and  to  Dr.  Miner  for  the  many  nice  things  he  has  said  in 
presenting  the  medal  to  me. 


Duplication  of  Bibliographic  Lists  and  References 

One  of  the  first  thmgs  a  research  chemist  or  chemical  engineer 
does  in  preparation  for  work  on  a  new  problem  is  to  establish 
the  prior  art  on  the  subject.  This  is  so  essential  that  hundreds 
or  even  thousands  of  dollars'  worth  of  time  may  be  spent  on  the 
search  for  pertinent  literature  in  various  publications.  Often 
distant  libraries  have  to  be  \-isited  or  books  borrowed  from  them. 
Not  infrequently  it  is  subsequently  discovered  that  a  complete 
bibliography  on  the  subject,  which  w  ould  have  saved  at  least  half 
of  the  time  of  the  searcher,  exists.  Quite  commonly  several 
individuals  or  industrial  concerns  simultaneously  prepare  refer- 
ence lists  or  abstracts  on  the  same  subject.  One  notable  instance 
of  this  sort  of  wasteful  duplication  is  the  compilation  of  a  complete 
bibliography  on  the  Grignard  reaction  by  Dr.  Herur  Oilman  in 


Iowa  and  Dr.  C.  J.  West  in  Massachusetts  working  in  ignorance 
of  one  another's  interest. 

Bibliographies  on  scientific  and  technological  subjects  are 
constantly  being  prepared.  Some  are  published.  Some  remain 
in  manuscript.  It  is  to  the  advantage  of  all  investigators  to  be 
able  to  locate  such  reference  lists  when  they  need  them.  The 
Research  Information  Ser%ice  of  the  National  Research  Couiicil, 
Washington,  has  established  a  bibliographic  section  which  aims 
to  serve  as  a  clearing  house  for  information  about  the  sources 
and  availability  of  both  published  and  unpublished  lists  of  refer- 
ences. The  catalog  of  bibliographies  already  contains  thousands 
of  cards.  You  are  urgently  invited  to  avail  yourself  of  this  new 
aid  to  research  and  to  further  its  development  by  reporting 
bibliographies  of  your  own  which  you  would  be  willing  to  have 
duplicated  or  to  loan  under  suitable  conditions. 
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Ernest  Solvay — An  Appreciation 


By  William  H.  Nichols 

Bl  Broadway,  Nbw  York,  N.  Y. 


THE  DISTINGUISHED  subject  of  this  sketch,  an  honorary 
member  of  this  Society,  passed  away  in  his  sleep  the  26th 
of  May,  1922.  It  is  well  for  us  to  pause  and  take  note  of 
some  of  the  salient  features  of  his  life,  so  that  those  of  us  who 
have  borne  the  heat  and  burden  of  the  day  may  take  renewed 
courage  and  pursue  our  course  with  determination  to  the  end, 
and  those  who  are  just  beginning  life  may  learn  what  is  nec- 
essary to  attain  that  success  which  everj'one  should  strive  to 
achieve. 

In  an  article  as  brief  as  this,  only  certain  phases  of  Mr.  Sol- 
vay's  life  and  struggles  can  be  considered.  It  would  take  a 
volume  to  do  justice  to  them  all,  and  to  give  an  adequate  idea 
of  the  character  of  the  man.  He  did  great  things,  but  what  at- 
tracts me  to  him  most  is  not  so  much  what  he  did,  as  what  he 
was. 

Ernest  Solvay  was  bom  in  the  little  Brabant  town  of  Rebecq- 
Rognon,  April  16,  1838.  His  father,  a  most  estimable  man,  was 
a  refiner  of  salt  on  a  modest  scale.  To  use  Ernest's  own  words, 
his  "infancy  was  passed  in  an  atmosphere  of  chloride  of  sodium." 
He  had  a  younger  brother,  Alfred,  of  whom  he  was  extremely 
fond,  and  who  was  closely  allied  to  him  by  bonds  of  love  and 
mutual  understanding  during  all  his  early  struggles  and  later 
successes  until  called  away  January  2.3,  1894.  The  relations  of 
these  brothers  were  of  such  an  intimate  and  touching  nature  that 
taken  alone  they  will  repay  a  careful  study  in  these  days  when 
family  affection  and  loyalty  are  not  too  frequently  in  evidence. 
After  Alfred's  death  until  his  own  final  hour,  Ernest's  regard  for 
him  became  a  real  religion.  He  would  never  consent  to  receive 
praise  unless  his  brother's  name  was  coupled  with  his  own. 
Let  us,  therefore,  in  speaking  of  Ernest,  remember  how  much  Al- 
fred should  be  considered  as  part  of  him — a  loyal  co-laborer. 

Ernest  passed  several  years  at  a  boarding  school  in  Malonne. 
He  was  planning  a  university  course,  but  a  grave  malady 
obliged  him  to  give  this  up — a  bitter  disappointment,  as  we  can 
imagine.  So  he  returned  to  his  native  village  and  kept  his 
father's  books.  He  naturally  had  considerable  leisure,  which 
he  employed  in  reading  elementary  books  on  chemistry  and  phys- 
ics. He  was  not  long  in  putting  some  of  his  new-found  knowl- 
edge into  practice  by  making  experiments  in  chemical  combina- 
tions and  reactions. 

His  uncle,  Mr.  Semet,  was  director  of  a  small  gas  works  at 
Schaarbeek.  In  1860,  Ernest  was  called  to  be  his  assistant,  and 
here  a  new  life  began  on  a  wider  plane.  He  had  always  been 
familiar  with  salt,  and  now  he  added  a  knowledge  of  the  prepar- 
ation and  properties  of  ammonia.  In  a  year  he  had  discovered 
and  patented  in  Belgium  the  reactions  now  known  as  the  Am- 
monia-Soda, or  Solvay  process,  utterly  unaware  of  work,  without 
result,  by  several  predecessors.  Soon  after  began  that  memorable 
struggle  to  apply  his  discovery,  which  seemed  so  many  times  to 
be  at  the  brink  of  failure,  but  which  ultimately  emerged  so 
magnificent  a  success,  owing  to  his  dauntless  courage  and  faith 
in  himself.  We  must  remember  that  chemical  engineering  was 
not  very  far  advanced  in  1861,  and  this  young  man  was  neither 
a  chemist  nor  an  engineer  as  wc  understand  the  terms.  That 
he  became  both  later  was  much  to  his  credit,  and  furnishes  another 
instance  of  the  efficiency  of  hard  knocks. 

In  1861,  a  small  experimental  plant  was  installed  at  Schaar- 
beek.    On  December  28  of  that  year,  Ernest  writes: 

Our  apparatus  is  now  in  order  and  I  believe  nothing  prevents 
beginning  our  experiments.     If  all  goes  as  I  have  foreseen,  as  all 


I  have  been  able  to  try  out  up  till  now — apparatus,  different 
combinations — all  will  go  well.  As  far  as  I  am  concerned,  how- 
ever, I  do  not  put  too  much  faith  in  them  and  expect  to  have  to- 
make  changes,  for  it  would  indeed  be  almost  unheard  of  if  every- 
thing were  to  succeed  in  an  undertaking  of  this  importance, 
and,  moreover,  entirely  new.  I  have  never  been  in  doubt,  and 
at  present  less  than  ever,  of  the  success  of  the  apparatus  itself, 
and  of  the  great  advantage  which  there  would  be  in  operat- 
ing on  an  industrial  scale.  What  I  cannot  answer  for,  as  indeed 
no  one  in  ray  position  could,  is  that  I  will  see  all  my  combinations 
succeed  at  the  first  attempt.  I  made  a  summary  beforehand  of 
all  the  difficulties  which  might  arise,  and  already  a  certain  num- 
ber of  these  have  been  cleared  up.  No  trouble  has  arisen  in  so- 
far  as  my  own  conceptions  are  concerned. 

SL\  days  later,  on  January  4,  Mr.  Solvay  wrote: 

I  believe  that  I  can  now  tell  you  something  serious,  some- 
thing really  certain.  If  I  have  ever  had  the  slightest  doubt  as- 
to  the  value  of  my  process  in  so  far  as  its  industrial  application 
is  concerned,  it  would  now  be  completely  cleared.  On  Monday, 
we  put  all  the  apparatus  in  operation,  working  on  100  kilos  of 
material;  everything  went  perfectly  smoothly.  All  I  had 
foreseen  in  so  far  as  the  ease,  the  regularity  and  the  practical 
side  of  the  process  were  concerned,  was  far  surpassed. 

Difficulties  arose,  and  on  June  4,  1,862,  after  a  shutdown  of 
three  weeks  given  up  to  repairs  and  new  preparations,  Mr. 
Alfred  Solvay  wrote: 

We  began  to  operate  by  trying  out  each  apparatus,  one  at  a 
time;  all  went  well  until  yesterday.  During  the  night  we  found 
that  the  pump  was  no  longer  drawing  water.  The  well  was  dry, 
and  we  had  to  stop.  This  is  a  new  delay,  but  as  is  always  the 
case  it  does  not  come  from  the  process  itself!  We  really  have 
had  bad  luck  with  our  equipment!  And  we  had  had  to  work 
like  horses  day  and  night! 

That  same  year,  the  two  brothers  and  their  foreman  were 
nearly  asphyxiated  by  an  escape  of  gas,  and  were  only  saved  by 
the  lucky  return  of  a  workman  who  carried  them  into  the  open 
air.  Experiments  went  on,  however.  When  the  trials  were 
considered  sufficiently  advanced,  negotiations  were  opened  up  in 
view  of  interesting  two  industrial  companies  in  the  enterprise, 
but  without  success. 

Negotiations  were  then  begun  with  Mr.  Pirmez,  and  after  six 
months  Solvay  &  Co.,  with  headquarters  at  Couillct,  was  founded 
on  December  26,  1863.  This  was  the  first  step.  The  second 
was  no  less  difficult.  It  lasted  until  the  end  of  October  1865, 
when  the  works  were  shut  down  after  the  most  important  unit 
had  given  way. 

The  year  1864  was  passed  in  construction  work  and  negotia- 
tions of  all  sorts.  Before  the  end  of  the  year  it  became  necessary 
to  issue  a  certain  amount  of  new  stock  to  increase  the  company's 
capital  which  was  insufiicicnt. 

On  December  15,  1864,  everything  was  ready  to  begin  work 
again,  and  Mr.  Solvay  wrote: 

I  spent  yesterday  and  last  night  at  Couillet  trying  out  the  new 
apparatus  with  water.  All  the  units  show  leakages  but  nothing 
serious***.  I  am  quite  satisfied  with  the  general  result.  When  the 
repairs  are  completed  we  will  have  another  trial,  and  I  hope 
that  by  New  Year  we  will  be  able  to  run  the  proper  raw  material 
through.  Our  well  has  not  been  giving  enough  water.  We  will 
have  to  run  a  pipe  line  to  the  Sarabre  which  will  take  about 
eight  days,  unless  there  is  an  exceptional  frost. 

Of  course  there  was  a  frost,  but  that  was  only  the  beginning  of 
new  difficulties,  and  on  January  4,  1865,  Alfred  Solvay  wrote: 
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Ernest  arrived  and  we  worked  all  day  Sunday;  we  did  not 
realize  that  it  was  the  first  of  January.  A  bad  leak  had  just 
broken  out  in  the  distillinK  apparatus.  I';ver>'thint!  had  been 
going  .so  smoothly!  There  had  already  been  a  leak,  but  wc  had 
been  able  to  get  around  this  dilViculty  by  not  using  this  particular 
part  of  the  apparatus.  Isn't  it 
rough  luck  when  we  had  taken 
such  care  and  gone  to  such 
trouble  ? 

Bad  luck,  however,  continued. 
On  June  26,  1865,  it  was  decided 
to  put  the  works  in  run  again. 
Mr.  Alfred  Solvay  writes  at  that 
date: 

We  may  still  have  setbacks, 
but  with  the  changes  we  have 
made  we  have  great  hope.  Let 
us  hope  that  this  time  all  will 
go  well,  and  that  Ernest  will 
finally  be  rewarded  for  so  much 
energry,  courage,  perseverance, 
and  sacrifice  of  every  sort.  Poor 
boy,  he  has  already  sufTered  a 
great  deal  I 

In  the  meantime,  the  produc- 
tion reached  600  to  800  kUos  a 
day. 

Mr.  Ernest  Solvay  writes  at 
this  time. 

All  our  efforts  have  always 
been  aimed  at  keeping  going,  if 
only  a  few  days  at  a  time,  on  a 
basis  of  2  to  3,000  kilos  in  order 
to  form  a  definite  opinion  of 
our  affair.  We  always  see  the 
promised  land  in  the  distance 
without  being  able  to  reach  it. 

He  ended  his  letter  of  August 
3,  1865,  as  foUows: 

The  process  will  win  out.  Of 
this  I  am  absolutely  certain,  but 
much  perseverance  must  still  be 
applied.  Our  task  is  not  yet 
finished.  All  would  go  more  quickly  if  we  were  able  to  go  straight 
ahead  when  we  see  what  there  is  to  be  done,  but  we  are  in  a  situa- 
tion which  calls  for  reflection. 

The  situation  which  he  mentions  so  delicately  was  financial. 

On  June  26,  1865,  in  the  midst  of  almost  insurmountable 
difficulties,  Mr.  Ernest  Solvay  had  made  an  admirable  report 
to  Mr.  Pirmez,  in  which  he  definitely  stated  his  faith  in  the 
future  of  the  process,  giving  as  reasons,  the  enormous  production 
of  soda  ash  in  the  world,  the  lowering  in  the  future  of  the  cost  of 
production  to  the  extent  necessary  to  take  the  place  of  sulfate 
of  soda  in  the  glass  industry,  the  manufacture  of  soda  crystals 
and  the  utilization  of  residues— in  short,  a  complete  program  of 
what  was  to  be  realized  later.  In  October  a  crack  appeared  in 
one  of  the  units,  but  the  apparatus  was  kept  going  by  lowering 
the  pressure  and  by  admitting  more  gas.  Bad  luck,  however, 
followed  the  brothers.  A  lew  weeks  later  the  main  unit  blew 
up,  carrying  away,  it  would  seem,  their  last  hopes.  They  were 
completely  broken  down.  Ernest  felt  that  he  was  losing  his  hold 
on  himself  in  the  midst  of  so  much  misfortune;  something  had 
to  be  done.  It  was  in  such  terms  that  a  member  of  the  family 
stated  the  case  by  letter,  for  it  was  in  the  midst  of  their  family 
at  Rebecq  that  the  two  Solvay  brothers  withdrew  to  comfort 
themselves,  with  their  mother  who  was  confident  in  the  efforts 
of  her  sons,  as  all  mothers  should  be,  and  with  their  sister.  At 
this  tune,  Mr.  Ernest  Solvay  was  married  and  his  wife  gave  him 
that  wonderful  moral  support  which  was  to  enlighten  all  his  life. 
The  works  were  shut  down  under  pretext  of  repau-s.  The  winding 
up  of  the  affairs  of  the  company  was  imminent,  but  this  even- 
tuality was  avoided,  for  at  this  moment  the  Solvay  parents  gave 


their  sons  a  mark  of  confidence  and  ubnctEation  which  was  to  save 
them.  They  made  a  last  sacrifice  and  put  At),()l)CI  more  francs  into 
the  business.  The  two  young  men  took  up  the  fight  anew.  In  a 
touching  way  we  are  given  an  opiKjrtunity  of  appreciatiiiic  the 
combat  which  was  going  on  in 
the  mind  of  the  inventor.  Mr. 
Solvay  writes: 

If  I  am  at  times  discouraged  it 
is  because  I  feel  that  I  am  in  vain 
weighed  down  under  all  this  bur- 
den, because  I  feel  that  despite 
my  will  |)ower  I  am  losing  confi- 
dence in  my  strength — I  am 
afraid  to  go  on  for  fear  of  wear- 
ing myself  out  still  further. 

But  this  letter  closes  with  a 
burst  of  enthusiasm : 

I  believe  that  I  am  capable  of 
making  a  last  effort,  and  of  re- 
gaining sufficient  energy  to  forget 
all,  or  at  least  a  great  deal,  and 
to  consider  the  work  that  I  am 
about  to  do  as  a  trial. 

Finally  on  February  18,  1866, 
Mr.  Ernest  Solvay  ends  his  letter 
in  these  terms: 

We  reached  our  1,000  kilos 
mark  at  the  end  of  last  week. 
The  product  is  superb.  If  we 
can  go  on  a  fortnight  in  this 
way,  it  will  be  as  clear  as  day 
that  our  manufacturing  problem 
is  solved,  and  we  must  complete 
it  and  put  ourselves  at  ease  in 
so  far  as  material  is  concerned. 
Let  us  hope  that  this  time  we 
will  have  attained  success,  and 
been  able  to  prove  it.  There 
are  so  many  reasons  for  desiring 
this. 

Eight  days  later  success  was 
no  longer  in  doubt,  and  Mr.  Solvay  writes: 

After  being  so  often  within  an  inch,  within  a  hairs-breadth  of 
failure,  can  I  finally  succeed  in  regaining  from  others  and  from 
myself,  that  moral  strength  which  the  entire  world  seems  to  re- 
fuse me.  After  all  that  has  happened,  this  would  indeed  be  a 
splendid  triumph!  Let  us  not  speak  of  it,  we  are  too  accustomed 
to  setbacks  and  deceptions. 

On  July  1,  1866,  at  the  time  when  the  Austro-German  war  had 
just  been  declared  all  continued  to  go  well,  but  then  he  writes; 

Had  it  not  been  for  the  war  we  could  consider  ourselves  saved. 
This  is  indeed  about  the  last  straw. 

Eight  days  later,  however,  a  letter  brings  out  the  fact  that 
for  three  days  in  succession  production  had  reached  1,300  kilos: 

We  are  working  to  reach  1,.500  or  2,000  kUos.  Then  only  will 
I  believe  that  we  are  saved. 

A  month  later,  the  daUy  producUon  of  1,500  kUos  became  a 
regular  thing ;   all  was  saved. 

Space  prevents  further  quotaUons.  All  the  world  knows  what 
happened  after  this;  plants  to  utilize  the  process  were  con- 
structed in  many  countries,  including  our  own,  and  the  price  of 
soda  the  world  over  came  down  by  leaps  and  bounds.  Neither 
can  we  pause  to  consider  the  immense  influence  this  had  in  the 
whole  field  of  chemical  operations.  Where  others  failed,  a  com- 
plete success  had  been  scored.  And  yet,  with  all  the  concrete 
results,  the  story  shows  conclusively  that  the  man  was  much 
greater  than  his  works.  He  succeeded  in  the  face  of  what  seemed 
insurmountable  difficulties,  because  of  his  character. 
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His  character.  There  is  no  mystery  about  that.  It  shone  out 
in  every  walk  of  life,  and  in  every  problem  that  presented  itself — 
simple,  courageous,  studious,  affectionate,  honest,  and  thor- 
oughly human.  We  find  him  excelling  as  an  Alpinist,  climbing 
nearly  every  peak.  We  find  him  giving  deep  thought  and  study 
to  the  amelioration  of  his  fellowmen.  We  find  him,  with  these 
dreams  and  hopes  shattered  by  the  World  War  conditions  in 
1914  taking  the  lead  in  the  movement  so  wonderfully  seconded  in 
our  own  country,  to  feed  andclothetheunhappy  people  of  Belgium. 
We  find  him  endowing  educational  institutions  of  various  sorts. 
We  find  him  always  doing  good.     But  we  never  find  him  seek- 


ing the  spotlight.  He  sought  the  approval  of  his  own  conscience 
and  I  am  sure  he  received  it.  He  did  not  under-rate  the  value 
of  the  encomiums  of  his  fellowmen,  but  these  were  a  conse- 
quence and  not  an  objective. 

He  lived  a  happy  life,  except  during  those  terrible  years  of 
the  Occupation.  As  old  age  came  creeping  on,  he  gave  up  one 
responsibility  after  another  to  those  he  had  so  well  prepared  to 
bear  them.  Nothing  was  forgotten.  His  life  was  complete. 
The  words  of  his  father  he  had  made  his  own:  "Work  is  a  debt 
that  all  true  citizens  owe  to  society." 


AMERICAN  CONTEMPORARIES 


Edgar  Fahs  Smith 


/^PENING  the  door  of  a  quiet 
^-"^  study,  softly  lighted  from  high 
windows,  walls  lined  with  books  and 
rare  prints  of  eminent  chemists  of  the 
ages — glimpsing  here  an  ancient  lock 
wrested  from  the  door  of  Priestley's 
laboratory  in  Birmingham  as  it  was 
destroyed  by  the  mob,  there  a  delicate 
balance  brought  by  the  aged  exile  to 
America — one  senses  contact  with  a 
personality  before  one  sees,  seated  at 
the  desk,  the  quiet  figure  of  the  man, 
Edgar  Kahs  Smith — teacher,  adminis- 
trator, author,  chemist.  Human,  and 
of  a  generous  and  lovable  nature,  with 
a  handclasp  firm,  warm,  and  sincere, 
his  quiet  smile  puts  one  immediately 
at  ease.  Sympathy  and  strength  seem 
to  radiate  from  his  person.  A  most 
friendly  man,  he  makes  friends  and 
keeps  them  in  all  parts  of  the  world. 
Not  in  a  weak  optimism,  but  in  virile 
strength     and    sound    judgment     he  ^ 

thinks  kindly  of  human  nature. 

A  son  of  the  soil  of  Pennsylvania,  of  pioneer  American  de- 
scent, educationally  the  product  of  an  old-fashioned  college 
curriculum,  broadly  trained  in  the  humanities,  specializing  later 
in  chemistry  in  a  foreign  university,  a  pupil  of  Wohler — -Dr. 
Smith's  keen  and  correct  appreciation  of  persons  and  policies, 
his  power  of  concentration,  of  rapid  and  effective  accomplish- 
ment of  details  demanding  his  attention,  the  never-flagging  ener- 
gies of  his  efforts,  are  qualities  that  have  made  him  a  marked  man, 
and  caused  his  University,  his  State,  and  the  Nation  to  press 
him  into  services  quite  foreign  to  those  of  his  chosen  guild — • 
chemistry. 

A  teacher  of  chemistry  for  44  years,  21  of  which  were  combined 
with  administrative  service,  first  as  Vice  Provost  and  then  Pro- 
vost of  the  University  of  Pennsylvania,  Dr.  Smith's  career  may 
be  summed  up  as  one  which  for  length  and  richness  has  seldom, 
if  ever,  been  equaled  in  the  history  of  American  collegiate  edu- 
cation. An  enthusiastic,  inspiring  teacher,  an  able  and  elTicient 
administrator,  he  fairly  won  the  title  of  the  "best  beloved  college 
president  of  his  generation." 

Dr.  Smith  is  a  firm  believer  in  the  creed  that  it  is  better  to 
wear    out   than    to   rust    out,    and    his  intense   industry  and 


happy  disposition  furnish  a  living 
example  of  the  joy  of  work.  Gifted 
with  rare  ability  as  an  investigator,  his 
contributions  in  chemistry  have  made 
his  name  familiar  to  students  of  science 
throughout  the  world.  More  than  200 
scientific  papers  have  been  published 
by  him,  as  well  as  numerous  books 
on  chemistry.  His  monumental  work 
on  "Electro-Analysis"  has  reached  six 
editions  and  has  been  translated  into 
French,  German,  Italian,  and  Russian. 
Tungsten,  molybdenum,  columbium, 
tantalum,  the  separation  of  rare 
earths,  and  the  constitution  of  com- 
plex inorganic  acids,  have  particularly 
engaged  his  attention.  His  work  in 
the  field  of  atomic  weights  is  charac- 
terized by  marked  originality. 

In  his  valuable  contributions  to  the 
field  of  historical  chemistry,  Dr.  Smith 
has  accomplished  that  rare  thing — -the 
imparting  of  literary  charm  to  a  scien- 
tific   subject.     Opening    a   door   more 
than  a  century  old,  he  has  let  us  peep 
at  the  babyhood  of  American  chemis- 
try.    In    his    biographies    of    Robert 
Hare,  James  Cutbush,  James  Woodhouse,  in  "Priestley  in  Amer- 
ica," and  in  "Chemistry  in  America"   he  has  put  flesh   on  the 
skeletons  of  pioneers  in  the  science,  making  them  living,  breath- 
ing personalities,  depicting  their  struggles  and  achievements  in 
a    manner    inspiring    to    patriotic    Americans   of   the    present 
generation. 

Other  pages  list  the  honors  and  rewards  which  have  come  to 
this  man  of  many-sided  interests.  Thrice  elected  to  the  office 
of  President  of  the  American  Chemical  Society,  his  adminis- 
trations have  been  characterized  by  untiring  work  for  the  pro- 
tection of  American  chemical  industries  that  America  may  be 
free  from  foreign  domination,  by  aiming  to  build  up  American 
chemical  literature,  by  urging  a  broader  education  for  chemists 
as  a  proper  foundation  upon  which  to  build  for  research,  and  by 
emphasizing  the  study  of  what  American  chemistry  has  done  that 
American  work,  already  large,  may  be  appreciated. 

Service,  yes,  in  the  highest  sense  of  the  word — service  to  man- 
kind— so  runs  the  record  of  Edgar  Eahs  Smith. 

W.  T.  Taggart 
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SCIENTIFIC   SOCIETIES 


Standard  Methods  for    the  Sampling 

and  Analysis  of  Commercial 

Soaps  and  Soap  Products' 

The  Committee  on  Methods  of  Analysis  and  Specifications  of 
Commercial  Soaps  and  Soap  Products  of  the  Division  of  Industrial 
Chemists  and  Chemical  Engineers  of  the  American  Chemical 
Society  has  given  careful  consideration  to  criticisms  of  its 
previous  report-  and  has  also  cooperated  with  the  Soap  Com- 
mittee of  the  American  Specialty  Manufacturers'  Association 
and  with  the  Technical  Committee  on  Soaps  of  the  U.  S.  Govern- 
ment, with  the  result  that  the  following  report  was  unanimously 
adopted  April  3,  1922. 

Archibald  Campbell,  Chairman,  The  Globe  Soap  Co.,  Cincinnati,  Ohio. 
C.  P.  Long,  The  Globe  Soap  Co.,        J.  R.  Powell,   Armour   Soap    Wks., 

Cincinnati,  Ohio.  Chicago,  111. 

Pbrcy    H.    Walker,    Bureau   of       R.  E.  Divikb,    Armour   Soap    Wks.. 

Standards,  Washington,  D.C.  Chicago,  111. 

Applicabilitt  of  the  Methods 

It  is  admitted  that  the  methods  of  sampling  may  not  in  all 
cases  yield  samples  that  are  truly  representative  of  the  whole 
lot,  but  any  method  that  would  do  so  would  be  so  cumbersome 
and  expensive  as  to  defeat  its  own  purpose.'  The  methods 
given  do  not  favor  either  buyer  or  seller,  and  are  believed  to  be 
as  accurate  as  the  economic  considerations  warrant,  and  if  mutu- 
ally agreed  upon  should  be  satisfactory  to  all  interested  parties. 

The  methods  of  test  differ  somewhat  in  form,  and  in  some 
cases  in  substance,  from  those  given  in  the  previous  report, 
because  the  committee  has  attempted  to  cover  methods  that 
would  be  of  importance  in  commercial  transactions  rather  than 
methods  that  would  be  mainly  of  theoretical  interest  and  only 
applicable  in  special  cases.  As  presented,  the  methods  of  sam- 
pling and  testing  can  be  directly  applied  to  commercial  trans- 
actions, and  it  may  be  of  interest  to  state  that  the  methods 
prescribed  in  the  specifications  for  various  soap  products  recom- 
mended as  U.  S.  Government  Standards  by  the  Federal  Specifi- 
cations Board  are  essentially  the  same  as  these. 

A— Sampling 

The  seller  shall  have  the  option  of  being  represented  at  the 
time  of  sampling  and  when  he  so  requests  shall  be  furnished 
with  a  duplicate  sample. 

I.  Cake  Soaps,  Flake  and  Powdered  Soap  Products, 
WHEN  Packed  in  Cans  or  Cartons — One  cake  (can  or  carton) 
shall  be  taken  at  random  from  not  less  than  1  per  cent  of  the 
vendors'  shipping  containers,  pro\'ided  such  containers  contain 
not  less  than  50  lbs.  In  the  case  of  smaller  containers,  a  cake 
(can  or  carton)  shall  be  taken  at  random  from  each  lot  of  con- 
tainers totaling  not  more  than  5000  lbs.  The  total  sample  shall 
in  all  cases  consist  of  not  less  than  three  cakes  (cans  or  cartons) 
taken  at  random  from  separate  containers.  With  very  large 
lots  where  the  sample  drawn  as  above  will  amount  to  more  than 
20  lbs.,  the  percentage  of  packages  sampled  shall  be  reduced 
so  that  the  amount  drawn  shall  not  exceed  20  lbs. 

Wrap  the  individual  cakes  (cans  or  cartons)  tightly  in  paraffined 
paper  at  once  and  seal  by  rubbing  the  edges  with  a  heated  iron. 
The  inspector  shall  accurately  weigh  each  wrapped  cake  (can  or 

'  Approved  by  the  Supervisory  Committee  on  Standard  Methods  of 
Analysis,  American  Chemical  Society,  July  29,  1922. 

2  This  Journal,  11  (1919),  7So. 

>  Sampling  and  testing  small  shipments  is  more  or  less  impracticable, 
as  the  expense  is  in  most  cases  greater  than  any  differences  that  might  be 
involved. 


cartonj,  record  its  weight  and  the  date  of  weighing  on  thi-  wrapper, 
place  the  wrapped  cakes  (cans  or  cartons)  in  an  airtight  con- 
tainer which  should  be  nearly  filled,  and  seal,  mark,  and  send  to 
the  laboratory  for  test.  Samples  should  be  kept  cool  until 
tested. 

II.  Flake  and  Powdered  Soap  Products  wiien  in  Bulk — 
A  grab  sample  of  not  less  than  '/«  lb.  shall  I)c  taken  at  random 
from  not  less  than  1  per  cent  of  the  vendors'  shipping  containers, 
provided  such  containers  contain  not  less  than  100  lbs.  In  case 
of  smaller  containers,  a  grab  sample  of  not  less  than  '/i  lb.  shall 
be  taken  at  random  from  each  lot  of  containers  totaling  not 
more  thad  10,000  lbs.  The  total  samples  shall  in  all  cases  consist 
of  not  less  than  three  grab  portions  taken  at  random  from  sep- 
arate containers.  With  very  large  lots  where  the  sample  drawn 
as  above  will  amount  to  more  than  20  lbs.,  the  percentage  of 
packages  sampled  shall  be  reduced  so  that  the  amount  drawn 
shall  not  exceed  20  lbs.  The  inspector  shall  rapidly  mix  the 
sample,  place  in  an  airtight  container,  which  shall  be  filled,  and 
seal,  mark,  accurately  weigh,  record  its  weight  and  date  of  weigh- 
ing on  the  package,  and  send  to  the  laboratory  for  test.  Samples 
should  be  kept  cool  until  tested. 

III.  Liquid  Soap — A  sample  of  not  less  than  '/»  Pt.  shall 
be  taken  at  random  from  not  less  than  1  per  cent  of  the  vendors' 
shipping  containers,  provided  such  containers  contain  not  less 
than  10  gal.  each.  In  case  of  smaller  containers,  a  sample  of 
not  less  than  'A  pt.  shall  be  taken  at  random  from  each  lot  of 
containers  totaling  not  more  than  1000  gal.  The  total  sample 
shall  in  all  cases  consist  of  not  less  than  three  portions  of  'A  Pt. 
each  taken  at  random  from  separate  containers.  Before  drawing 
the  sample  from  the  container  selected,  the  contents  of  the 
container  shall  be  thoroughly  agitated.  The  inspector  shall 
thoroughly  mix  the  samples  drawn,  place  in  clean,  dry  cans  or 
bottles,  which  shall  be  completely  filled  and  securely  stoppered 
with  clean  corks  or  caps;  seal,  mark,  and  send  to  the  laboratory 
for  test. 

W.  Paste  Soap  Products — (1)  ^nen  packed  in  cans  or  car- 
Ions  of  ^  lbs.  or  less.  One  can  or  carton  shall  be  taken  at  random 
from  not  less  than  1  per  cent  of  the  vendors'  shipping  containers, 
provided  such  containers  contain  not  less  than  50  lbs.  In  case 
of  smaller  containers,  a  can  or  carton  shall  be  taken  at  random 
from  each  lot  of  containers  totaling  not  more  than  5000  lbs. 
The  total  sample  shall  in  all  cases  consist  of  not  less  than  3 
cans  or  cartons  taken  at  random  from  separate  containers. 
With  very  large  lots  where  the  sample  drawn  as  above  will  amount 
to  more  than  20  lbs.,  the  percentage  of  packages  sampled  shall 
be  reduced  so  that  the  amount  drawn  shall  not  exceed  20  lbs. 
Wrap,  seal,  mark,  and  send  to  laboratory  for  test. 

(2)  When  packed  in  bulk.  Take  a  trial  sample  at  random 
of  not  less  than  '/« lb.  from  not  less  than  1  per  cent  of  the  vendors' 
shipping  containers,  provided  such  containers  contain  not  less 
than  50  lbs.  In  case  of  smaller  containers  a  trial  sample  shall 
be  taken  at  random  from  each  lot  of  containers  totaling  not 
more  than  5000  lbs.  The  total  sample  shall  in  all  cases  consist 
of  not  less  than  3  half-pound  portions  taken  at  random  from 
separate  containers.  With  very  large  lots  where  the  sample 
drawn  as  above  will  amount  to  more  than  10  lbs.,  the  percentage 
of  packages  sampled  shall  be  reduced  so  that  the  amount  drawn 
shall  not  exceed  10  lbs.  The  inspector  shall  promptly  place 
the  combined  sample  in  a  clean,  dry,  air-  and  watertight  con- 
tainer, which  shall  be  filled,  and  seal,  mark,  and  send  to  the 
laboratory  for  test. 
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B — Prbpabation  or  Samples 

I.  Cake  Soap — In  case  of  samples  that  can  be  easily  dis- 
integrated and  mixed,  run  the  entire  sample  through  a  suitable 
chopper.  When  the  sample  is  large,  each  cake  may  be  quar- 
tered and  one-quarter  of  each  cake  run  through  the  chopper. 
With  samples  that  caimot  be  handled  as  above,  select  a  cake 
of  average  weight,  quarter  it  by  cutting  at  right  angles  in  the 
center  and  shave  equally  from  all  freshly  cut  surfaces  sufficient 
soap  for  analysis.  Mi.x  and  weigh  out  all  portions  for  analysis 
promptly.  Preserve  the  remainder  in  an  airtight  container 
in  a  cool  place. 

II.  Powdered  and  Chip  Soaps — Rapidly  disintegrate  and 
mix  the  sample;  if  desired,  quarter  down  to  about  1  lb.  and 
weigh  out  all  portions  for  analysis  at  once.  Unused  portions 
of  the  sample  for  analysis  shall  be  preserved  in  an  airtight 
container  in  a  cool  place. 

III.  Liquid  Soap — No  preparation  of  the  sample,  other 
than  thorough  mixing,  is  necessary  unless  it  is  received  during 
very  cold  weather,  when  it  should  be  allowed  to  stand  at  least 
1  hr.  after  it  has  warmed  up  to  room  temperature  (20°  to  30°  C.) 
before  it  is  noted  whether  it  forms  a  satisfactory  lather. 

IV.  Paste  Soap  I'roducts — Mix  thoroughly  by  kneading 
and  quarter  down  to  about  1  lb.  Weigh  out  all  portions  for  anal- 
ysis promptly  and  preserve  remainder  in  an  airtight  container 
in  a  cool  place. 

C — Methods  op  Analysis 

When  a  determination  shows  nonconformity  with  the  speci- 
fications, a  duplicate  shall  be  run. 

I.  Matter  Vol.^tile  at  105°  C. — Weigh  5  g.  of  the  sample 
in  a  porcelain  or  glass  dish  about  6  to  7  cm.  in  diameter  and  4 
cm.  deep,  dry  to  constant  weight  in  an  inert  atmosphere  at  a 
temperature  not  exceeding  105°  C. 

II.  Total  Matter  Insoluble  in  Alcohol.  Free  Alkali 
OR  Free  Acid — (1)  Matter  insoluble  in  alcohol.  Digest  hot  a 
10-g.  sample  with  200  cc.'of  freshly  boiled  ethyl  alcohol  neutral 
to  phenolphthalcin  (94  per  cent  or  higher).  Filter  through  a 
counterpoised  filter  paper  neutral  to  phenolphthalcin,  or  a  weighed 
Gooch  crucible  with  suction,  protecting  the  solution  during  the 
operation  from  carbon  dioxide  and  other  acid  fumes.  Wash  the 
residue  on  the  paper,  or  in  the  crucible,  with  hot  neutral  alcohol 
until  free  from  soap.  Dry  the  filter. paper,  or  cniciblc,  and  resi- 
due at  100°  to  105°  C.  for  3  hrs.,  cool,  and  weigh  the  total  matter 
insoluble  in  alcohol.* 

(2)  Free  alkali  or  free  acid.  Titrate  the  filtrate  from  the  above, 
using  phenolphthalcin  as  indicator,  with  standard  acid  or  alkaU 
solution,  and  calculate  the  alkalinity  to  sodium  hydroxide 
(or  potassium  hydroxide),  or  acidity  to  oleic  acid. 

(3)  Matter  insoluble  in  water.  Proceed  as  in  the  determina- 
tion of  matter  insoluble  in  alcohol.  After  filtering  and  thor- 
oughly washing  the  residue,  extract  it  with  water  at  G0°  C, 
and  wash  the  filter  thoroughly.  (When  the  matter  insoluble 
in  water  is  all  inorganic,  boiling  water  may  be  used  for  the  ex- 
traction and  washing.)  Dry  the  filter  and  residue  at  100°  to 
105°  C.  for  3  hrs.,  cool,  and  weigh  matter  insoluble  in  water. 
The  nature  of  this  matter  may  be  determined  by  further  exam- 
ination. 

(4)  Total  alkalinity  of  matter  insoluble  in  alcohol.  {Alkaline 
salts.)  Titrate  the  filtrate  from  the  determination  of  matter 
insoluble  in  water  with  standard  acid,  using  methyl  orange  as 
indicator.     Calculate  the  alkalinity  to  sodium   oxide   (NajO), 

*  The  matter  insoluble  in  alcohol  will  contain  most  ol  the  alkaline  salts, 
sucb  as  carbonates,  borates,  silicates,  phosphates  and  sulfates,  as  well  as 
starch,  and  may  be  used  for  the  approximate  determination  of  these  con- 
stituents. These  salts  are  not  entirely  insoluble  in  alcohol,  so  for  accurate 
determinations  separate  portions  of  the  soap  should  be  used. 

For  determination  of  carbonates  see  C-XI:  phosphates  C-XII;  sul- 
fates. C-XIII;  silicates,  C-XX;  borax,  C-IX;  starch,  C-XIV(4). 


and,  if  desired,  to  any  other  basis  agreed  upon  by  the  parties 
interested. 

III.  Combined  Alkali.  Total  Anhydrous  Soap — Dissolves 
to  10  g.  of  the  sample,  depending  upon  the  anhydrous  soap  content, 
in  100  cc.  of  water  in  a  250-cc.  Erlenmeyer  flask.  When  solu- 
tion is  complete,  add  dilute  sulfuric  acid  in  slight  excess,  insert 
a  small  funnel  in  the  neck  of  the  fJask,  and  heat  the  flask  at  a 
temperature  not  exceeding  60°  C.  until  the  fatty  acids  separate 
as  a  clear  layer.  Transfer  to  a  separatory  funnel,  draw  ofl  the 
acid  layer  into  a  second  separatory  funnel  and  shake  the  acid 
aqueous  liquid  with  two  20-cc.  portions  of  ethyl  ether.  Dissolve 
the  fatty  acids  in  the  ether  used  for  washing  the  aqueous  liquid 
and  shake  with  10-cc.  portions  of  water  imtil  they  are  no  longer 
acid  to  methyl  orange.  Unite  the  water  portions  used  for  wash- 
ing and  shake  with  20  cc.  of  ether.  Wash  this  ether  until  the 
wash  water  is  neutral  to  methyl  orange.  Save  the  acid  water 
for  chloride  determination.  Unite  the  ether  solutions  (if  neces- 
sary, filter,  washing  the  paper  with  ether)  in  a  suitable  weighed 
vessel,  add  100  cc.  of  neutral  alcohol  free  from  carbon  dioxide, 
add  phenolphthalein  and  titrate  to  exact  neutrality  with  stand- 
ard sodium  hydroxide  solution.  Evaporate  off  the  alcohol, 
dry  to  constant  weight  as  in  the  determination  of  matter  volatile 
at  105°  C.  and  calculate  the  percentage  of  soda  soap.  This 
soap  naturally  includes  any  mineral  oil  and  neutral  fat,  which, 
if  determined  separately,  must  be  deducted  from  the  result  to 
obtain  the  true  soap.  Calculate  the  combined  sodium  oxide 
(NaoO)  and  deduct  from  the  weight  of  soda  soap  to  give  the  an- 
hydrides. If  the  original  soap  was  potash  soap,  proper  calcula- 
tion must  be  made  to  reduce  to  potassium  oxide  (KjO),  or  the 
titration  made  directly  with  standard  potassiiun  hydroxide 
solution.  In  case  the  soap  shows  an  excess  of  free  acid,  proper 
corrections  must  be  made  in  calculating  the  combined  alkali 
in  the  original  soap.'  (See  determination  of  rosin.)  With  soaps 
containing  a  large  amount  of  soluble  silicates  and  soap  products 
containing  a  high  percentage  of  finely  divided  material  insoluble 
in  water,  the  foregoing  procedure  cannot  be  applied  as  given. 
In  such  cases  the  filtrate  obtained  in  the  determination  of  total 
matter  insoluVjlc  in  alcohol  can  be  used  after  neutralizing  any 
free  acid  or  alkali.  Evaporate  off  the  alcohol  on  a  steam  bath, 
lake  up  in  water  and  proceed  as  above. 

With  soap  products  containing  a  high  percentage  of  matter 
insoluble  in  alcohol  where  approximate  results  will  suffice,  such 
as  may  be  the  case  with  cleansers,  soap  powders,  scouring  com- 
pounds, pastes,  etc.,  and  where  agreed  upon  by  the  parties 
interested,  the  alcoholic  solution,  obtained  after  filtering  off 
and  washing  the  matter  insoluble  in  alcohol,  may  be  evaporated 
directly  in  a  weighed  vessel,  dried  at  105°  C.  to  constant  weight, 
and  the  result  reported  as  soap. 

IV.  Chloride — Neutralize  with  chlorine-free  alkali  the 
acid  water  obtained  in  paragraph  C-III.  Titrate  with  standard 
silver  nitrate  solution,  using  potassium  chroraate  as  indicator, 
and  calculate  the  result  to  sodium  chloride  or  potassium  chloride 
as  the  character  of  the  soap  indicates. 

In  case  the  total  anhydrous  soap  is  not  to  be  determined  it 
will  he  more  convenient  to  use  the  following  method:'  Dissolve 
5  g.  of  the  sample  in  300  cc.  of  water,  boiling  if  necessary  to  eflect 
solution.  Add  an  excess  of  neutral,  chlorine-free  magnesium 
nitrate  solution  (about  25  cc.  of  a  20  per  cent  Mg(NOj)s.6HaO 
solution).  Without  cooling  or  filtering,  titrate  with  standard 
silver  nitrate  solution,  using  potassium  chromate  as  indicator. 

V.  Unsaponified  and  Unsaponipiable  Matter — Weigh 
5  g.  of  the  soap  into  a  beaker  and  dissolve  in  about  100  cc.  of  50 
per  cent  alcohol  on  the  steam  bath.  If  the  sample  has  been  found 
to  contain  free  fatty  acid,  add  just  enough  aqueous  alkali  to 
neutralize  this.     Evaporate  off  the  bulk  of  the  alcohol,  take  up 

>  A  blank  test  should  be  made  on  the  sodium  or  potassium  hydroxide 
solution  for  neutral  salts  and  the  proper  corrections  made  if  necessary. 
•  II.  C.  Bennett. This  Journal,  13  (1921),  813. 
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with  about  200  cc.  of  hot  water  and  transfer  to  a  separatory 
funnel  of  about  500-cc.  capacity,  designated  as  No.  1.  When 
cool,  rinse  out  the  beaker  with  about  50  cc.  of  ether  and  add  it 
to  the  soap  sohition.  Shake  tlioroughly  for  one  minute.  By 
the  addition  of  small  amounts  of  alcohol  (u-cc.  portions  and  the 
total  not  to  exceed  25  cc),  a  clear  and  rapid  separation  of  the 
aqueous  and  ether  layers  is  effected.  After  adding  each  alcohol 
portion,  the  separatory  funnel  is  not  shaken  but  merely  given 
a  whirling  movement.  Draw  oflf  the  aqueous  portion  into  an- 
other separatory  funnel,  designated  as  No.  2.  Wash  the  ether 
solution  with  10-cc.  portions  of  water  until  this  water  is  no  longer 
alkaline  to  phenolphthalein.  Add  all  these  washings  to  Funnel 
No.  2  and  extract  this  solution  with  20-cc.  portions  of  ether 
until  the  ether  is  absolutely  colorless  (3  or  4  extractions  should 
be  sufficient).  Combine  these  ether  extracts  in  a  third  sep- 
aratory funnel  (No.  3)  and  wash  with  10-cc.  portions  of  water 
until  the  water  is  no  longer  alkaline  to  phenolphthalein.  Now 
add  the  ether  in  Funnel  3  to  that  in  Funnel  I,  a  small  amount 
of  ether  being  used  to  rinse  out  Funnel  3.  Wash  the  ether  solu- 
tion with  20  cc.  of  10  per  cent  hydrochloric  acid  solution  and 
then  successively  with  20-cc.  portions  of  water  until  the  water 
is  no  longer  acid  to  methyl  orange.  Filter  the  ether  solution 
through  a  dry  filter  paper  into  a  weighed  beaker  or  flask.  Evap- 
orate or  distil  off  the  ether  on  the  steam  bath,  dry  as  under  the 
determination  of  matter  volatile  at  105°  C.  and  weigh  the  residue, 
then  heat  with  alcohol  and,  when  cool,  neutralize  with  standard 
alkali,  using  phenolphthalein.  Deduct  any  appreciable  amount 
of  fatty  acid  found  by  this  titration  from  the  weight  of  the  resi- 
due. This  residue  consists  of  the  unsaponiliable  matter  and  any 
neutral  fat  that  may  have  been  present  in  the  soap.  In  case  it 
is  desired  to  separate  these,  thoroughly  saponify  the  residue  with 
alcohoUc  alkali  and  repeat  the  foregoing  procedure.  The  residue 
obtained  is  unsaponifiable  matter  only. 

VI.  Rosin — Wolff's  metJiod.''  Dissolve  5  g.  of  the  sample 
in  100  to  200  cc.  of  hot  water,  add  a  slight  excess  of  dilute  sul- 
furic acid,  heat  until  the  fatty  acids  collect  in  a  clear  layer,  cool 
to  room  temperature,  extract  with  a  small  portion  of  ether,  draw 
off  the  water  layer  and  wash  the  ether  solution  with  water  until 
free  from  mineral  acid.  Transfer  to  a  200-cc.  Erlermieyer 
flask,  evaporate  off  the  ether  and  dry  1  hr.  at  105°  C,  cool  and 
dissolve  in  20  cc.  of  absolute  alcohol.  Then  add  10  cc.  of  a 
solution  of  one  volume  of  concentrated  sulfuric  acid  (sp.  gr. 
1.84)  and  4  volumes  of  absolute  alcohol,  and  boil  on  the  steam 
bath  for  4  min.  under  a  reflux  condenser.  Remove  from  steam 
bath,  add  to  the  liquid  about  5  times  its  volume  of  7  to  10  per 
cent  sodium  chloride  solution,  and  extract  with  ether.  Shake 
out  the  aqueous  portion  2  or  3  times  with  ether.  Unite  the  ether 
solutions  and  wash  with  sodium  chloride  solution  until  the  wash- 
ings are  neutral  to  methyl  orange.  Add  30  cc.  neutral  alcohol, 
and  titrate  the  rosin  acids  with  standard  sodium  hydroxide 
solution,  using  phenolphthalein  as  indicator.  Calculate  to 
rosin  or  rosin  soap,  as  desired  (1  cc.  normal  alkali  =  0.346  g. 
rosin  or  0.377  g.  rosin  soda  soap).  If  the  true  fatty  acid  soap 
is  desired,  subtract  the  rosin  soap  from  the  total  anhydrous  soap 
obtained  under  C-III. 

VII.  Titer  Test— (1)  Preparation  oj  total  fatty  matter  (fatty 
and  rosin  acids  and  unsaponified  matter).  Dissolve  about  50 
g.  of  soap  in  500  cc.  of  hot  water,  add  100  cc.  of  30  per  cent  sul- 
furic acid,  heat  until  the  fatty  matter  collects  in  a  clear  layer, 
siphon  off  the  acid  layer  and  wash  the  fatty  matter  free  from  sul- 
furic acid  with  hot  water.  Decant  the  fatty  matter  into  a  dry 
beaker,  filter,  using  a  hot-water  funnel,  or  placing  both  funnel 
and  receiving  beaker  in  a  water-jacketed  oven,  and  dry  for  20 
min.  at  the  temperature  of  boiling  water. 

When  other  determinations  are  to  be  made  on  the  total  fatty 
matter,  and  volatile  and  readily  oxidizable  fatty  acids  are  present, 
the  following  method  should  be  used:  Dissolve  about  50  g.  of 
'  Chem.-Zlg.,  38  (1917),  369,  3S2,  430;  C.  A.,  8  (1914),  2495. 


the  soap  in  300  cc.  of  hot  water,  transfer  to  a  separatory  funnel, 
add  I.W  cc.  of  approximately  2  iV  sulfuric  acid,  cool  somewhat, 
add  120  cc.  of  ether,  shake,  draw  off  the  acid  layer,  and  wash 
the  ether  layer  free  from  acid  with  a  strong  salt  (NaCI)  solution. 
Then  draw  off  the  aqueous  layer  as  i-omplctely  as  possible,  trans- 
fer the  ether  layer  to  a  flask  (it  is  not  necessary  to  transfer 
quantitatively),  add  20  to  .30  g.  of  anhydrous  sodium  sulfate, 
stopper  the  flask,  shake,  and  let  stand  at  a  temperature  below 
25°  C.  until  the  ethereal  liquid  becomes  perfectly  clear,  showing 
that  all  water  has  been  taken  up  by  the  sodium  sulfate.  Filter 
through  a  dry  paper  into  another  Erienmcyer  flask,  and  com- 
pletely evaporate  off  the  ether  by  passing  through  the  flask  a 
current  of  dry  air  and  heating  the  flask  to  a  temperature  not 
above  50°  C. 

(2)  Determination.''  (a)  Thermometer.  The  thermometer 
shall  be  a  standard  titer  thermometer  graduated  at  zero  and  in 
tenth  degrees  from  10°  to  65°  C,  and  certified  by  the  U.  S. 
Bureau  of  Standards. 

(b)  Procedure.  Transfer  the  fatty  acids  prepared  as  under 
VII(l),  when  cooled  somewhat,  to  a  titer  tube -25  mm.  by  100 
mm.  placed  in  a  IG-oz.  salt-mouth  bottle  of  clear  glass  70  mm. 
by  150  mm.,  fitted  with  a  cork  that  is  jMirforated  so  as  to  hold 
the  tube  rigidly  when  in  position.  Suspend  the  titer  thermometer 
so  that  it  can  be  used  as  a  stirrer  and  stir  the  fatty  acids  slowly 
(about  100  r.  p.  m.)  until  the  mercury  remains  stationary  for 
30  sec.  Allow  the  thermometer  to  hang  quietly  with  the  bulb 
in  the  center  of  the  tube  and  report  the  highest  point  to  which 
the  mercury  rises  as  the  titer  of  the  fatty  acids.  The  titer  should 
be  made  in  a  room  at  about  20°  C.  for  all  fats  having  a  titer  above 
30°  C.  and  at  10°  C.  below  the  titer  for  all  other  fats. 

VIII.  Acid  Number  of  Fatty  Acids^(I)  Preparation  of 
fatty  acids.     Follow  procedure  given  under    C-VII. 

(2)  Determination.  In  a  250-cc.  Erlenmeyer  flask  dissolve 
2  g.  of  the  fatty  acids,  accurately  weighed,  in  20  to  30  cc.  of 
neutral  95  per  cent  ethyl  alcohol.  Titrate  with  standard  alkali, 
using  phenolphthalein  as  indicator.  Calculate  the  acid  number 
(mg.  of  KOH  per  g.  of  fatty  acids). 

IX.  BoR:\x  Determination' — Weigh  10  g.  of  the  soap 
(or  5  g.  if  more  than  5  per  cent  of  borax  is  present)  into  a  platinum 
dish  and  add  2. 15  g.  of  fusion  mixture  (consisting  of  200  g.  sodium 
carbonate,  15  g.  silica  in  fine  powder).  To  this  mixture  add 
15  cc.  of  alcohol,  mix  with  the  aid  of  a  glass  rod  and,  after  washing 
the  rod  with  a  Uttle  alcohol,  evaporate  the  mass  to  dryness  on 
the  water  bath.  Ignite  until  the  combustible  material  is  de- 
stroyed, cover  the  dish  with  a  piece  of  platinum  foil  and  fuse. 
Completely  disintegrate  the  fusion  by  boiling  with  water  and 
transfer  the  solution  to  a  250cc.  round-bottom  flask.  Acidify 
with  20  cc.  of  dilute  hydrochloric  acid  (1 : 1),  heat  nearly  to  boil- 
ing, and  add  a  moderate  excess  of  dry  precipitated  calcium  car- 
bonate. Connect  with  a  reflux  condenser  and  boil  \-igorously 
for  10  min.  Filter  out  the  precipitate  through  a  folded  filter, 
washing  several  times  with  hot  water,  but  keeping  the  total 
volume  of  Uquid  below  100  cc. 

Return  the  filtrate  to  the  flask,  add  a  pinch  of  calcium  car- 
bonate and  again  boil  under  a  reflux  condenser.  Remove  the 
flame  and  connect  the  top  of  the  condenser  with  a  water  pump. 
Apply  the  suction  until  the  boiling  has  nearly  ceased.  Cool 
to  ordinary  temperature,  add  50  cc.  of  neutral  glycerol  and 
tiUate  the  solution  with  0.1  N  sodium  hydroxide,  free  from 
carbonate,  using  phenolphthalein  as  indicator.  After  the  end- 
point  is  reached  add  10  cc  more  of  glycerol  and  again  titrate. 
Repeat  this  process  untU  the  addition  of  glycerol  causes  no 
further  action  on  the  end-point.  The  number  of  cubic  centi- 
meters required  multiplied  by  0.00955  will  give  Uie  equivalent 
of  borax  (NaoBiOv.  lOH.O)  present  in  the  solution. 

•  "Methods  of  .Analysis  oi  .A.ssoc.   OfiBcial   Agr.    Chcm,"   IMO,  242. 
Fat  Analysis  Committee  Method,  This  Joxtrnai,,  11  (1919).  1163. 

•  Poetschke,  Ibid..  6  (1913).  645. 
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X.  Determination  of  Silica  Present  as  Alkaline  Sili- 
cates— When  the  material  contains  no  mineral  matter  that  is 
insoluble  in  water,  ignite  a  sample  of  the  soap  containing  not 
to  exceed  0.2  g.  of  silica  in  a  platinum  dish  at  a  low  temperature. 
When  charred,  extract  the  soluble  salts  with  water,  return  the 
paper  and  charred  residue  to  the  dish  and  complete  the  ignition. 
Unite  the  residue  in  the  dish  and  the  water  extract,  carefully 
acidify  with  hydrochloric  acid,  finally  adding  the  equivalent 
of  from  5  to  10  cc.  strong  hydrochloric  acid  in  excess.  The 
dish  or  casserole  containing  the  solution  should  be  covered  with 
a  watch  glass  while  adding  acid  so  as  to  avoid  loss  by  spray. 

When  the  material  contains  mineral  matter  insoluble  in  water, 
or  a  determination  of  highest  accuracy  is  not  necessary,  take  a 
portion  of  the  solution  after  titrating  the  matter  insoluble  in 
alcohol  C-II(4)  containing  not  more  than  0.2  g.  sihca  and  add 
5  to  10  cc.  strong  hydrochloric  acid. 

Evaporate  the  acidified  solution  (washing  off  and  removing 
the  cover  glass  if  used)  to  dryness  on  steam  bath  or  hot  plate 
at  a  temperature  not  exceeding  200°  C.  Cool,  moisten  with 
concentrated  hydrochloric  acid,  let  stand  5  to  10  min.,  breaking 
up  all  lumps  with  a  stirring  rod.  Add  about  25  cc.  of  hot  water. 
Heat  a  few  minutes  and  filter  through  a  small  ashless  paper. 
Wash  thoroughly  with  hot  water. 

Evaporate  the  filtrate  to  dryness  and  repeat  the  above  treat- 
ment, filtering  on  a  second  paper.  Carefully  ignite  the  two 
papers  and  contents  in  a  weighed  platinum  crucible,  first  at  a 
low  temperature  until  the  paper  is  consumed,  but  finally  heating 
to  constant  weight  over  the  blast  lamp;  cool  in  a  desiccator 
before  weighing.  If  extreme  accuracy  is  desired,  moisten  the 
contents  of  the  crucible  with  water,  add  10  cc.  hydrofluoric 
acid  and  4  drops  of  strong  sulfuric  acid,  evaporate  to  dryness 
over  a  low  flame,  ignite  at  the  temperature  of  the  blast  lamp 
for  about  2  min.,  cool  in  a  desiccator  and  weigh.  The  difference 
between  this  weight  and  the  previous  weight  is  the  weight  of  the 
silica  (5102).'° 

To  calculate  sodium  silicate  (NajSiiOs)  multiply  weight  of 
SiOj  by  1.26. 

XI.  Determination  of  Carbon  Dioxide  (Carbonates)^ 
For  most  determinations  the  dry  matter  insoluble  in  alcohol 
as  obtained  in  C-II(l)  will  be  suitable  for  this  determination. 
In  some  cases  it  might  be  desired  to  run  the  test  directly  on  an 
original  sample  of  the  soap.  This  should  always  be  done  when 
the  highest  accuracy  is  required.  Any  reliable  absorption  method 
for  determining  carbon  dioxide  may  be  used." 

The  following  is  a  method  which  has  proved  satisfactory: 
A  250-cc.  Erlenmeyer  flask  is  placed  on  a  gauze  over  a  burner. 
The  flask  is  equipped  with  a  2-hole  rubber  stopper,  through  one 
opening  of  which  is  a  10-in.  reflux  condenser  and  through  the 
other  a  thistle  tube  equipped  at  the  outer  end  with  a  3-way 
stopcock.  The  lower  end  of  the  thistle  tube  is  drawn  to  a  small 
point,  which  is  placed  very  close  to  the  bottom  of  the  flask.  To 
the  straightaway  end  of  the  stopcock  is  attached  a  small  funnel 
for  the  introduction  of  acid  to  the  flask.  The  other  opening  of 
the  stopcock  is  attached  to  receive  air  from  a  purifying  train 
consisting  of  a  wash  bottle  containing  concentrated  sulfuric 
acid  and  a  second  at  the  outer  end  of  the  train  containing  a 
50  per  cent  solution  of  potassium  hydroxide.  The  top  of  the 
reflux  condenser  is  attached  first  to  a  drying  wash  bottle  con- 
taining concentrated  sulfuric  acid,  and  then  to  a  weighed  ab- 
sorbing train  consisting  of  a  suitable  potash  bulb  charged  with 
50  per  cent  potassium  hydroxide,  and  a  second  containing  con- 
centrated sulfuric  acid.  This  train  is  attached  to  a  protective 
U-tube  containing  calcium  chloride.  The  U-tube  is  attached 
to  an  aspirator. 

"  'The  Analysis  o(  Silicate  and  Carbonate  Rocks,"  by  W.  F.  Hille- 
brand,  U.  S.  Ceol.  Survey.  Bull.  700,  102. 

II  "Methods  of  Analysis  of  Assoc.  Official  Agr.  Chem.,"  1920,  277, 
Bur.  Chem.,  Bull.  107,  169. 


Procedure.  Set  up  the  apparatus,  leaving  out  the  weighed 
train,  and  aspirate  with  a  slow  stream  of  the  dry  carbon-dioxide- 
free  air  until  the  apparatus  is  freed  from  carbon  dioxide.  Insert 
the  train  and  continue  the  aspiration  for  '/s  hi-  Check  the 
weight  of  the  train  to  determine  it  the  air  is  psissing  through 
too  fast,  or  if  the  system  is  free  from  carbon  dioxide.  The  system 
must  be  free  from  leaks.  Weigh  out  1  or  2  g.  of  the  sample  into 
the  Erlenmeyer  flask,  cover  with  20  cc.  freshly  boiled  distilled 
water,  close  the  apparatus  with  the  train  in  place.  Add  20  cc. 
dilute  hydrochloric  acid  (1:1)  through  the  funnel  very  slowly, 
with  no  heat  being  applied  to  the  flask.  The  rate  of  adding 
acid  should  be  carefully  controlled  so  that  the  gas  does  not  pass 
through  the  train  too  rapidly.  As  soon  as  the  acid  is  added, 
start  aspiration  gently.  When  the  absorption  begins  to  stop 
the  gas  flow,  start  heating  gently  and  continue  until  the  contents 
of  the  flask  have  boiled  15  to  20  min.  Stop  heating  and  con- 
tinue aspirating  until  the  flask  has  cooled  down.  Remove  the 
train  and  weigh.  Calculate  increase  of  weight  as  carbon  dioxide. 
Carbon  dioxide  multiplied  by  2.41  equals  sodium  carbonate. 

XII.  Determination  of  Phosphates'^^ — If  a  qualitative 
test  has  shown  the  presence  of  phosphates  and  their  determina- 
tion is  desired,  the  matter  insoluble  in  alcohol  C-II(l)  or  the  ash 
from  the  incineration  of  an  original  sample  can  be  used.  An 
original  sample  should  always  be  used  when  the  highest  accuracy 
is  desired. 

(1)  Reagents,  (a)  Molybdale  solution.  Dissolve  100  g.  of 
molybdic  acid  in  dilute  ammonium  hydroxide  [144  cc.  of  am- 
monium hydroxide  (sp.  gr.  0.90)  and  271  cc.  of  water];  pour  this 
solution  slowly  and  with  constant  stirring  into  dilute  nitric  acid 
[489  cc.  of  nitric  acid  (sp.  gr.  1.42)  and  1 148  cc.  of  water].  Keep 
the  mixture  in  a  warm  place  for  several  days  or  until  a  portion 
heated  to  40°  C.  deposits  no  yellow  precipitate  of  ammonium 
phosphomolybdate.  Decant  the  solution  from  any  sediment 
and  preserve  in  glass-stoppered  vessels. 

(6)  Ammonium  nitrate  solution.  Dissolve  200  g.  of  commer- 
cial ammonium  nitrate,  phosphate-free,  in  water,  and  dilute  to 
2  liters 

(c)  Magnesia  mixture.  Dissolve  110  g.  of  crystallized  mag- 
nesium chloride  (MgCla.GHoO)  in  water,  add  280  g.  of  ammonium 
cliloride,  261  cc.  of  ammonium  hydroxide  (sp.  gr.  0.90),  and  dilute 
to  2  liters. 

{d)  Dilute  ammonium  hydroxide  for  washing.  Dilute  100  cc. 
of  ammonium  hydroxide  (sp.  gr.  0.90)  to  1  liter. 

(2)  Determination.  Weigh  out  a  2-g.  sample  of  the. alcohol- 
insoluble  or  ash,  and  proceed  as  in  C-X  for  removal  of  silica, 
saving  the  filtrate.  Make  up  to  250  cc,  concentrating  if  neces- 
sary. Take  an  aliquot  corresponding  to  0.50  g.  or  1  g.,  neutralize 
with  ammonium  hydroxide,  and  clear  with  a  few  drops  of  nitric 
acid.  Add  about  15  g.  of  dry  ammonium  nitrate  or  a  solution 
containing  that  amount.  To  the  hot  solution  add  70  cc.  of  the 
molybdate  solution  for  every  decigram  of  phosphoric  acid  (PjOi) 
present.  Digest  at  about  65°  C.  for  an  hour,  and  determine  if 
the  phosphoric  acid  has  been  completely  precipitated  by  the 
addition  of  more  molybdate  solution  to  the  clear  supernatant 
liquid.  Filter  and  wash  with  cold  water  or,  preferably,  am- 
monium nitrate  solution.  Dissolve  the  precipitate  on  the  filter 
with  ammonium  hydroxide  and  hot  water,  and  wash  into  a  beaker 
to  a  bulk  of  not  more  than  100  cc.  Nearly  neutralize  with  hydro- 
chloric acid,  cool,  and  from  a  buret  add  slowly  (about  1  drop 
per  sec),  stirring  vigorously,  15  cc.  of  magnesia  mixture  for 
each  decigram  of  phosphoric  acid  (PjOt)  present.  After  15  min. 
add  12  cc.  of  ammonium  hydroxide  (sp.  gr.  0.90).  Let  stand 
till  the  supernatant  liquid  is  clear  (2  hrs.  is  usually  enough), 
filter,  wash  with  the  dilute  ammonium  hydroxide  until  the  wash- 
ings are  nearly  free  from  chlorides,  ignite  to  whiteness  or  to  a 
grayish  white,  weigh,  and  calculate  to  phosphoric  acid  (PjOj), 
or  alkaline  phosphate  known  to  be  present. 

"  "Methods  of  Analysis  of  .\ssoc.  Official  Agr.  Chem.,"  1920,  1. 
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XIII.  Determination  of  Sulfates— For  most  determina- 
tions the  matter  insoluble  in  alcohol  obtained  under  C-II  may 
suffice.  If  a  determination  of  the  highest  accuracy  is  desired, 
ignite  a  10-g.  sample  of  the  soap  and  use  the  ash  from  the  igni- 
tion. Digest  with  100  cc.  of  water,  cover  with  a  watch  glass, 
and  neutralize  carefully  with  hydrochloric  acid.  When  neu- 
tralized, add  5  cc.  excess  of  hydrochloric  acid,  filter,  and  wash 
the  residue  thoroughly."  Make  up  the  filtrate  to  250  cc.  in 
a  beaker,  and  boil.  To  the  boiling  solution  add  15  to  20  cc. 
10  per  cent  barium  chloride  solution  slowly  drop  by  drop  from 
a  pipet.  Continue  boiling  until  the  precipitate  is  well  formed, 
or  digest  on  a  steam  bath  over  night.  Set  aside  over  night  or 
for  a  few  hours,  filter  through  a  prepared  Gooch  crucible,  ignite 
gently,  and  weigh  as  barium  sulfate.  Calculate  to'  sodium  sul- 
fate, or  the  alkaline  sulfate  known  to  be  present. 

XIV.  Determination  of  Glycerol,  Sugar,  and  Starch — 
(1)  Determination  of  glycerol  in  the  absence  of  sugar. 

Solutions  Requirsd 
Potassium  Dichromate,  74.552  g.  per  liter 
Sodium  Thiosulfate,  0.1  iV 
Potassium  Iodide,  10  per  cent 

Dissolve  an  accurately  weighed  sample  of  the  soap"  equiva- 
lent to  not  more  than  3.0  g.  of  glycerol  in  200  cc.  of  hot  water  in 
a  600-cc.  beaker.  Decompose  with  25  cc.  .sulfuric  acid  (1:4). 
If  alcohol  is  present,  volatilize  it  by  boiling  for  20  to  30  min. 
Cool,  remove,  and  rinse  the  cake  of  fatty  acids,  transfer  the 
acid  water  and  rinsings  to  a  500-cc.  graduated  flask,  add  about 
0.25  g.  silver  sulfate  to  precipitate  traces  of  chlorides  and  soluble 
fatty  acids.     Make  up  to  volume  and  mix  contents  thoroughly. 

Transfer  a  filtered,  accurately  measured  50-cc.  aUquot  of  the 
above  to  a  400-cc.  beaker,  to  this  add  75  cc.  accurately  measured 
potassium  dichromate  solution,  followed  by  25  cc.  of  sulfuric 
acid  (sp.  gr.  1.84).  Cover  with  a  watch  glass,  and  oxidize  by 
heating  in  a  steam  bath  for  3  hrs.  Conduct  a  blank  in  like 
manner  but  using  100  cc.  of  water,  25  cc.  of  sulfuric  acid  (sp. 
gr.  1.84),  and  25  cc.  accurately  measured  potassium  dichromate. 

Cool  and  make  up  the  solution  to  1000  cc.  in  graduated  flasks. 
The  excess  of  potassium  dichromate  is  determined  by  taking 
50  cc.  aliquot  of  the  above,  adding  50  cc.  of  water,  20  cc.  of  10 
per  cent  potassium  iodide  solution,  and  titrating  the  Uberated 
iodine  with  0.1  A^  thiosulfate,  using  starch  solution  as  indicator. 

Calculate  the  percentage  of  glycerol  (1  cc.  of  the  potassium 
dichromate  solution  equals  0.0100  g.  of  glycerol). 

(2)  Determination  of  sugar.^^  Dissolve  10  g.  of  the  soap  in 
200  cc.  of  hot  water  in  a  600-cc.  beaker.  Decompose  with  25 
cc.  of  sulfuric  acid  (1  : 4),  boil  gently  for  20  min.  to  invert  the 
cane  sugar  completely.  Cool,  remove,  and  rinse  the  cake  of 
fatty  acids.  Extract  the  acid  Uquid  with  25  cc.  of  ether.  Trans- 
fer the  acid  liquid  to  a  500-cc.  graduated  flask,  make  up  to  vol- 
ume and  mix  thoroughly.  Determine  invert  sugar  in  50  cc.  of 
this  solution  by  the  Munson-Walker  Method."  To  calculate 
sugar  (sucrose)  multiply  the  amount  of  invert  sugar  foimd  by 
0.95. 

(3)  Determination  of  glycerol  in  the  presence  of  sugars."  Pro- 
ceed as  above  under  (1),  taking  a  sample  so  that  the  sum  of  the 
glycerol  and  sugar  is  not  more  than  3.0  g.'*  The  solution  must 
be  boiled  in  all  cases  at  least  20  min.  to  insure  complete  inversion 

"  Evaporation  to  dryness  is  unnecessary  unless  gelatinous  silica  should 
have  separated,  and  should  never  be  performed  on  a  bath  heated  by  gas. 
See  Hillebrand,  U.  S.  Ceol.  Survey.  Bull.  700,  232. 

"  If  starch  is  present,  it  will  be  necessary  to  remove  the  matter  in- 
soluble in  water  as  described  under  this  determination  |C-II  (1)  and  (3)  ]. 
Combine  the  alcohol  and  water  solutions,  evaporate  off  the  alcohol,  and 
proceed. 

i»  If  starch  is  present,  see  footnotes  13  and  18,  and  determination  of 
starch  XIV  (4). 

"  J.  Am.  Chem.  Soc.  28  (1906),  663;  Bur.  Chim..  Bull.  107;  Methods 
of  Analysis  of  Assoc.  Official  Agr.  Chem.,"  19*0,  78. 

"Hoyt  and  Pemberton,  This  Journal,  U  (1922),  54;  CorrecUoc, 
14  (1922),  340. 

"  See  footnote  13,  if  starch  is  present. 


of  cane  sugar.  Determine  the  amount  of  potassium  dichromate 
solution  required  to  oxidize  both  the  sugar  and  glycerol.  De- 
termine also  the  sugar  by  the  method  given  in  (2). 

Calculate  the  percentage  of  glycerol  after  deducting  the 
amount  of  potassium  dichromate  required  by  the  sugar. 

1  cc.  potassium  dichromate  equals  0.0100  g.  glycerol. 

1  cc.  potassium  dichromate  equals  0.01142  g.  invert  sugar. 

(4)  Determination  of  starch."  Separate  the  matter  insoluble 
in  water  as  under  C-II(.'j),  using  a  sample  of  soap  that  will  give 
not  more  than  3  g.  of  starch.  Transfer  the  insoluble  matter, 
without  drying,  to  a  beaker  and  heat  for  2'/i  hrs.  with  200  cc.  of 
water  and  20  cc.  of  hydrochloric  acid  (sp.  gr.  1.12.5)  in  a  flask 
provided  with  a  reflux  condenser.  Cool,  and  nearly  neutralize 
with  sodium  hydroxide.  Complete  the  volume  to  250  cc,  filter, 
and  determine  the  reducing  sugars  by  the  gravimetric  method 
as  given  imder  method  for  the  determination  of  sugar. 

Calculate  the  amount  of  dextrose  (d-glucosc)  equivalent 
to  the  cuprous  oxide  obtained.  This  multiplied  by  0.90  equals 
the  amount  of  starch. 

XV.  \'oLATiLE  Hydrocarbon — Weigh  not  less  than  250 
g.  of  the  sample  into  a  flask  of  about  5-liter  capacity,  which  is 
so  placed  on  a  gauze  that  it  can  be  heated.  Add  2  to  3  liters 
of  distilled  water.  Place  a  2-holed  rubber  stopper  in  the  flask, 
through  one  hole  of  which  is  inserted  a  copper  or  brass  tube 
extending  into  the  flask  and  terminating  in  a  small  circular  ring 
of  the  tubing,  bent  so  that  the  ring  is  in  a  horizontal  position. 
Numerous  small  holes  are  drilled  in  the  upper  side  of  this  ring 
and  the  end  of  the  tube  is  sealed.  This  ring  should  be  near  the 
bottom  of  the  flask. 

Through  the  other  hole  of  the  stopper  is  inserted  a  glass  tube 
provided  with  a  trap  of  suitable  form,  the  upper  end  of  which 
is  bent  so  as  to  be  connected  with  a  plain  Liebig  condenser. 
The  end  of  the  condenser  tube  is  bent  so  as  to  extend  into  a 
buret  graduated  to  0.1  cc. 

Introduce  steam  (free  from  oil)  into  the  flask  through  the 
brass  tube  and  collect  the  distillate  in  the  buret.  When  the 
buret  becomes  full,  draw  off  the  water  by  opening  the  stopcock. 
The  foam  which  forms  in  the  flask  may  be  controlled  by  momen- 
tarily shutting  off  the  steam  and  by  regulating  heat  applied  to 
the  flask." 

Read  from  time  to  time  the  amoimt  of  hydrocarbon  distillate 
which  collects  on  the  top  of  the  water  in  the  buret,  and  when 
there  is  no  further  increase  in  this  distillate  the  operation  is 
finished.  Allow  the  buret  to  stand  over  night,  tightly  stoppered, 
and  then,  after  reading  the  amoimt  of  distillate,  draw  off  the 
water  as  carefully  as  possible.  Determine  the  specific  gravity 
of  the  distillate,  and  calculate  the  weight  and  percentage  in  the 
original  sample. 

'•  "Methods  of  Analysis  of  Assoc.  Official  Agr.  Chem.,"  19»0,  95;  Bur. 
Chem.,  Bull.  107,  53. 

"  Some  6nd  it  an  advantage  to  add  200  to  300  g.  calcium  chloride  to  the 
flask  containing  the  soap  solution,  to  prevent  foaming. 
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Physical  Chemistry  under  the  cooperative  agreement  pubUshed 
on  page  91  of  Proceedings  of  the  American  Chemical  SociETi', 
for  October  1922. 

Chemical  Society  of  London.  Prof.  T.  M.  Lowry,  Prof.  J.  W.  McBain, 
and  Prof.  J.  C.  Philip. 

Faraday  Society:   Prof.  F.  G.  Donnan. 

American  Chemical  Society:  Dr.  A.  L.  Day.  Prof.  G.  A.  Hulett.  Dr. 
Irving  Langmuir,  and  Prof.  W.  L.  Miller. 

The  editor-in-chief  will  be  elected  by  this  board. 
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Report  of  the  Viscosity  Committee  of 
the  Cellulose  Division' 

To  the  Cellulose  Division  of  the  American  Chemical  Society: 

Your  special  committee  on  viscosity  determination,  appointed 
at  the  Rochester  meeting,  begs  to  present  the  following  report. 
Your  committee  has  carefully  considered  the  possibility  of 
standardizing  a  method  for  determining  the  viscosity  of  cellulose 
ester  solutions  in  order  to  obtain  a  uniform  standard  for  specify- 
ing this  property,  particularly  in  the  buying,  selling,  and  using 
of  such  solutions. 

Early  in  June  1921,  a  questionnaire  was  sent  out  to  the  larger 
manufacturers  and  users  of  cellulose  ester  solutions  in  the  United 
States,  telling  them  what  the  committee  planned  to  do  and 
asking  if  their  cooperation  could  be  counted  on.  Although  two 
replied  that  they  were  not  interested,  sixteen  assured  the  com- 
mittee of  their  cooperation.  That  there  was  an  obvious  need 
for  the  work  that  the  committee  planned  to  do,  was  indicated 
by  the  fact  that  most  of  the  replies  used  such  expressions  as 
"We  recognize  the  value  of  such  a  standard  and  we  will  be  greatly 
interested  in  the  work  of  your  committee;"  "We  are  heartily 
in  favor  of  the  movement  and  will  gladly  cooperate  with  you;" 
"Think  it  desirable  that  one  standard  method  be  adopted;" 
"We  are  thoroughly  in  favor  of  standardizing  a  method  for  use 
in  determining  the  viscosity  of  nitrocellulose  solutions." 

These  replies  also  showed  that  of  the  sixteen  concerns  sending 
favorable  replies  nine  used  the  falling  ball  method  and  a  number 
of  these  used  it  exclusively.  Two  concerns  used  the  MacMichael 
viscometer,  but  no  other  method  was  used  by  more  than  one 
concern.  In  other  words,  the  falling  ball  method  was  in  most 
common  use,  and  therefore  the  logical  thing  to  do  seemed  to  be 
to  standardize  the  conditions  of  this  method. 

On  sending  out  a  second  questionnaire  inquiring  about  eleven 
variable  conditions  in  this  method,  only  one  was  the  same  in 
any  two  laboratories  and  that  one  was  uniform  in  all  of  the  nine 
from  whom  replies  were  received.  In  considering  these  various 
conditions,  it  was  recognized  that  in  the  strictly  scientific  sense 
it  is  not  possible  to  measure  "viscosity"by  the  falling  ball  method, 
since  cellulose  ester  solutions  are  not  true  viscous  liquids  but 
really  plastic  materials  in  which  the  consistency  depends  on 
the  so-called  yield  value  or  force  required  to  start  the  mass 
flowing  and  also  on  the  mobiUty  or  ease  of  flowing  after  it  has 
once  started.  The  committee  does  not  feel,  however,  that  this 
distinction  is  of  importance  in  a  method  for  general  practical 
use,  provided  only  that  it  is  realized  that  the  property  being 
measured  is  not  true  viscosity.  The  main  object  is  to  standard- 
ize the  metliod  so  that  different  users  will  use  identical  condi- 
tions, and  tlierefore  of  necessity  obtain  close  agreement  in  meas- 
uring the  apparent  viscosity  of  a  given  solution. 

It  is  hoped  that  the  suggested  method  will  be  adopted  for 
regular  factory  use  by  most,  if  not  all,  of  the  manufacturers 
and  users  of  cellulose  ester  solutions.  This  is  the  more  neces- 
sary because  in  using  different  rates  of  shear  the  apparent  vis- 
cosity may  conceivably  vary  within  very  wide  limits.  If  it 
is  not  possible  for  a  given  manufacturer  to  adopt  this  method, 
it  is  suggested  that  the  manufacturer  or  user  determine  the 
ratio  between  his  particular  apparatus  and  the  standard  appa- 
ratus for  solutions  of  widely  different  apparent  viscosity  and  then 

'  This  report  of  Ibc  Viscosity  Committee  of  the  Cellulose  Division 
was  presented  iit  the  Pittsburgh  meeting  and  is  being  published  in  accor- 
dance with  a  vote  of  the  Division.  In  its  present  form  it  is  only  tentative 
and  it  is  hoped  that  all  those  interested  will  forward  their  suggestions  and 
criticisms  to  the  chairman  of  the  committee,  G.  J.  Esselcn,  Jr.,  248  Boylston 
St.,  Boston  17,  Mass.  Some  suggestions  have  already  reached  the  com- 
mittee and  these  will  be  taken  into  consideration  in  preparing  the  6nal 
report. 

It  ia  further  to  be  hoped  that  laboratories  having  occasion  to  determine 
the  viscosity  of  cellulose  ester  solutions  will  cooperate  with  the  committee 
to  the  extent  of  giving  the  proposed  method  a  thorough  trial,  in  order  that 
any  weaknesses  may  be  shown  up  and  corrected. 


write  his  specifications  in  accordance  with  the  standard  appa- 
ratus. 

The  proposed  method  consists,  in  brief,  of  allowing  a  0.635 
cm.  ('/«  in.)  steel  ball  to  fall  through  the  solution  of  which  the 
viscosity  is  to  be  measured,  the  solution  being  contained  in  a 
cylindrical  glass  tube.  The  time  in  seconds  which  is  required 
for  the  ball  to  pass  between  two  marks  25.4  cm.  (10  in.)  apart 
is  the  viscosity  in  seconds.  The  apparatus  should  conform  to 
the   following  specifications: 

Centimeters         Inches 

Height  of  tube At  least  33  13 

Inside  diameter 3.5  1»/| 

Distance  between  marks 25.4  10 

Distance    from    top    of    tube    to    upper 

mart 5  2 

Distance    from    lower    mark    to    bottom 

of  solution At  least  2.5  1 

Height  of  liquid  above  upper  mark 2.5  1 

Diameter  of  ball 0.635  ■/, 

Temperature    of    solution    to    be    main- 
tained by  a  water  jacket  within ±0.5°  C. 

Material  of  ball Steel 

Delivery  of  ball — The  ball  is  to  be  released  at  the  top  of  a  small  glass 
tube  4.5  cm.  (IVtin.)  long,  the  lower  end  of  which  shall  dip  into  the  solution 
0.0  cm.  CA  in).  The  small  glass  tube  through  which  the  ball  is  to  be  de- 
livered shall  be  of  such  an  inside  diameter  that  the  ball  will  just  slip  through 
without  binding.  This  delivery  tube  shall  be  maintained  in  a  vertical  posi- 
tion by  passing  it  through  the  center  of  a  stopper  which  fits  the  top  of  the 
wider  tube  containing  the  solution. 

Measurement  of  lime  of  fall — The  time  shall  preferably  be  measured 
with  a  stop  watch,  tested  and  found  accurate  to  0.2  sec. 

The  committee  recognizes  and  wishes  to  call  attention  to 
the  fact  that  there  are  advantages  in  reporting  viscosity  measure- 
ments in  terms  of  centipoise  units,  since  the  results  obtained  at 
one  time  will  then  always  be  comparable  with  those  obtained 
later,  even  if  changes  have  in  the  meantime  been  made  in  the 
details  of  the  viscometer.  In  the  case  of  the  falling  ball  method, 
the  formula  for  this  conversion  is  V  =  K(S— S')T,  where 

V  =  the  viscosity  in  centipoises 
S   =  the  density  of  the  ball 
S'  ■■  the  density  of  the  liquid 
T  »  the  time  of  the  fall  in  seconds 
K  =  a  constant  for  the  apparatus 

The  constant  K  for  every  apparatus  is  best  obtained  by  stand- 
ardizing against  a  liquid  of  known  viscosity,  and  for  this  purpose 
castor  oil  is  very  satisfactory.  The  Bureau  of  Standards  will 
determine  the  viscosity  of  a  sample  of  castor  oil  at  any  one 
temperature  for  $2.00.  The  density  of  castor  oil  can  be  obtained 
from  the  tables  in  the  literature  within  the  Umits  of  accuracy  of 
the  method.  The  time  of  fall  for  a  large  ball  in  castor  oil  is  so 
short  that  it  cannot  be  accurately  measured,  and  for  this  reason  it 
is  probably  best  to  use  Vs-iu.  steel  balls  rather  than  the  larger  ones 
which  are  to  be  regularly  used.  The  ratio  between  '/s-in.  steel 
balls  and  '/i-'m.  steel  balls  is  approximately  3:1.  It  should  be 
noted  again  that  the  value  thus  calculated  does  not,  strictly 
speaking,  represent  viscosity,  since  cellulose  ester  solutions  are 
not  true  viscous  liquids;  but  the  results  will  be  of  value  in  a 
practical  way. 

It  is  recommended  (1)  that,  if  the  method  as  specified  meets 
with  the  approval  of  the  members  of  the  Division,  it  be  submitted 
for  further  approval  to  the  Supervisory  Committee  on  Standard 
Methods  of  Analysis  of  the  American  Chemical  Society, 
(2)  that,  subject  to  this  approval,  a  vote  be  passed  designating 
this  method  as  "The  Tentative  Standard  Method  of  the  Cellu- 
lose Division,  American  Chemical,  Society,  for  Determining 
the  Viscosity  of  Cellulose  Ester  Solutions  by  Means  of  a  Falling 
Ball,"  and  (3)  that  this  report  be  published  in  Th€  Journal  of 
Industrial  and  Engineering  Chemistry. 

It  is  further  recommended  that  arrangements  be  made  to  have 
the  method  tried  out  in  a  number  of  laboratories  to  determine 
how  closely  different  manipulators  will  check  one  another  on 
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the  same  example,  a  further  report  to  be  made  at  the  next  meet- 
ing on  this  phase  of  the  matter.  If  the  method  proves  reliable 
in  practice,  the  word  "Tentative"  can  then  be  dropped  from  the 
title  and  the  method  finally  adopted  as  "Standard." 

The  committee  wishes  to  acknowledge  the  valuable  suggestions 
given  by  Mr.  Winslow  H.  Herschel,  of  the  Bureau  of  Standards, 
and  by  the  various  manufacturing  firms  who  have  been  kind 
enough  to  give  the  committee  information  regarding  the  methods 
in  use  by  them  for  determining  viscosity. 

Ghstavus  J.  ESSEI.KN,  JR.,  Chairman 
C.  P.  Bbistls 
£uGSNB  C.  Bingham 
Hamilton  Bradshaw 
W.  J.  Waits 


American  Institute  of  Chemical 
dneers 


Engi 


The  15th  Annual  Meeting  of  the  American  Institute  of 
Chemical  Engineers  will  be  held  at  Richmond,  Va.,  on  Decem- 
ber 6  to  9,  1922. 

Reports  for  the  year  of  the  various  committees  and  officers 
will  be  rendered  and  new  officers  elected  for  the  coming  year. 

The  program  of  papers  will  include  the  following,  most  of 
which  are  included  in  a  symposium  on  "Materials  of  Construc- 
tion:" 

Wood.     J.  V.  N.  Dorr. 

Oil  Substitution  Products.     W.  B.  Pratt. 

Chemical  Stoneware.     P.  C.  Kingsbury. 

Use  of  Propane  for  Refrigeration.     H.  D.  Edwards. 

Effect  of  Rate  of  Flow  on  Absorption  of  Gases.     Wallace  B.  Van  .\rsdbl. 

Resistance  of  Packing  to  Fluid  Flow.     F.  C.  Blake. 

Absorption  and  Scrubbing  Tower  Design.     R.  T.  Haslam. 

Methods  of  Attaclcing  Evaporation  Problems.     H.  K.  Moors. 

Asbestos  Protected  Metal.     J.  H.  Young. 

Volume  Changes  in  Portland  Cement  Structures.     A.  H.  White. 

Opportimity  will  be  offered  for  visiting  the  following  plants  in 
Richmond  and  vicinity:  The  Richmond  Chemical  Works, 
a  subsidiary  of  the  VirgLnia-Carolina  Chemical  Co.,  acid,  phos- 
phate, and  fertilizer  manufacturers;  plants  of  R.  J.  Reynolds 
Tobacco  Co.,  and  Larus  &  Brother  Co.,  manufacturers  of 
chewing  tobacco,  cigarettes,  and  smoking  tobacco;  Richmond 
Cedar  Works,  the  largest  wood  works  in  the  world;  Atlantic 
Varnish  Works;  Richmond  Forgings  Corporation;  American 
Glass  Works;  Richmond  Guano  Co.;  Albemarle  Paper  Manu- 
facturing Co. ;    C.  F.  Sauer  Co. ;  Southern  Manufacturing   Co. 

The  Hotel  Jefferson  will  be  convention  headquarters. 

The  membership  of  the  Local  Committee  is  as  follows: 

W.  T.  Dabney,  Business  Manager  of  the  Chamber  of  Commerce.C*airraa«. 
John  G.  Armistead,  Lefebvre-Armistead  Co.,  Merchandise  Brokers. 
George  H.  Nash,  Virginia-Carolina  Chemical  Co. 

Julius  B.  Weems,  Chief  of  the  Department  of  Chemistry  State  Depart- 
ment of  Agriculture. 

J.  B.  RoBB,  Robb  Sr  Arnold,  Analytical  Chemists. 

HSNRY  Froehling,  Froehling  &  Robertson,  Analytical  Chemists. 

Sausul  H.  Sheib,  Froehling  &  Robertson. 


Calendar  of  Meetings 

American  Association  of  Textile  Chemists  and  Colorists — 1st 

Aimual  Meeting,  New  York  City,  December  2,  1922. 
American   Institute   of   Chemical   Engineers — Richmond,   Va., 

December  6  to  9,  1922. 
American  Ceramic  Society^Aimual  Meeting,  Pittsburgh,  Pa., 

February  12  to  17,  1923. 
American  Chemical  Society — 65th  Meeting,  New  Haven,  Coim., 

April  2  to  7,  1923. 
American  Electrochemical  Society — 43rd  Semiannual  Meeting, 

New  York  City,  May  3  to  5,  1923. 


Papers  for  Program  of  Industrial 
Division 

In  order  that  more  time  can  be  givtii  to  the  prtscntatiuii  and 
discussion  of  papers  delivered  before  the  Division  of  Industrial 
and  Kngincering  Chemistry  of  the  Ambrican  CttBMiCAi. 
Society,  it  has  been  decided  to  ask  all  who  plan  to  give  papers 
before  this  Division  to  submit  completed  manuscripts  not  later 
than  March  1  to  the  SccreUry  of  the  Division.  The  manu- 
scripts will  then  be  sent  to  reviewers  just  as  articles  now  sub- 
mitted to  any  of  the  journals  of  the  SocnjTv  are  treated. 
Upon  favorable  recommendation  of  the  reviewers  and  the 
officers  of  the  Division,  the  papers  will  be  included  in  the  final 
program  of  the  Division. 

It  has  been  keenly  felt  for  some  time  that  something  must  be 
done  to  raise  the  standard  of  some  of  the  papers  that  have  been 
given  before  the  Division.  In  some  cases  old  material  has  been 
redescribed  under  a  new  heading,  which  often  was  misleading. 
No  doubt  the  new  method  will  reduce  the  number  of  papers  to 
be  presented  at  any  one  meeting,  but  it  is  felt  that  a  few  genu- 
inely good  papers  followed  by  a  sufficient  time  for  discussion  will 
be  what  most  chemists  desire.  At  Pittsburgh  there  were  so  many 
papers  on  the  program  that  a  time  limit  of  seven  minutes  was 
allotted  with  three  minutes  for  discussion.  This  time  proved 
to  be  so  short  that  a  speaker  could  not  present  the  paper  in  the 
best  maimer,  and  the  period  for  discussion  was  so  short  that  there 
was  practically  no  attempt  on  the  part  of  members  to  discuss 
the  subject. 

Since  the  spring  meeting  occurs  at  New  Haven,  April  2  to  7, 
inclusive,  it  is  necessary  for  members  of  the  Society  who  are 
plaiming  to  present  papers  before  this  Division  to  send  their 
papers  on  or  before  March  1  to  the  Secretary  of  the 
Division. 


Eri,e  M.  Billings,  Secretary 


Kodak  Pare 
Rochester,  N.  Y. 


American  Electrochemical  Society 
Spring  Meeting  Announcement 

The  43rd  General  Meeting  of  the  Society  will  be  held  in  New 
York  City,  with  headquarters  at  the  Commodore  Hotel.  The 
meeting  will  take  place  May  3,  4,  and  5,  1923. 

A  committee,  consisting  of  Irving  Fellner,  CA<itrOT<in,  H.B.Coho, 
and  Chas.  F.  Roth,  has  aheady  started  making  arrangements  for 
the  accommodation  and  comfort  of  members  and  their  guests. 
The  large  local  membership,  the  accessibility  of  New  York  from 
all  points,  and  the  interesting  symposia  in  course  of  prejjaration 
are  but  a  few  of  the  reasons  why  this  meeting  should  be  one  that 
will  break  all  previous  attendance  records. 

Dr.  F.  M.  Becket  is  making  extensive  arrangements  for  a 
symposium  on  the  "Rarer  Metals"  which  is  bound  to  give 
rise  to  interesting  and  enthusiastic  discussions.  This  symposiimi 
will  include  papers  on  "The  Production  and  AppUcation  of  the 
Rarer  Metals,"  such  as  vanadium,  tungsten,  cobalt,  molybdenum, 
zirconiimi,  cerium,  uranium,  tantalum,  calcium,  magnesitmi, 
and  others. 

Another  symposium,  on  "Electrode  Potentials,"  in  charge 
of  Dr.  Wm.  G.  Horsch,  will  take  place  at  this  meeting  and  will 
include  studies  on  reversible  electromotive  force,  overvoltage, 
ion  activities,  electro-titration,  and  pH  determinations. 

Members  submitting  manuscripts  for  this  meeting  of  the 
Society  are  kindly  requested  to  forward  two  copies  of  their 
manuscripts  to  the  Secretary  by  January  15,  1923,  and  not  later 
than  February  1,  1923,  as  this  is  the  closing  date  for  accepting 
papers. 
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The  1922  Meeting  of  the  Association 
of  Official  Agricultural  Chemists 

After  an  interval  of  several  years,  the  Association  of  Official 
Agricultural  Chemists  returned  to  the  Raleigh  Hotel,  Washing- 
ton, D.  C,  for  its  38th  Annual  Meeting,  November  15  to  17. 
There  were  more  than  350  members  and  visitors  present.  The 
usual  reports  of  referees,  associate  referees,  and  committees 
were  presented. 

Honorable  Henry  C.  Wallace.  Secretarj'  of  Agriculture,  wel- 
comed the  chemists  to  Washington  in  behalf  of  the  Department 
of  Agriculture.  He  stressed  the  importance  of  coordinating 
the  work  of  the  various  branches  of  the  Government,  using  as 
illustrations  the  different  activities  of  his  own  department  in 
grain  and  cotton,  and  pointed  out  the  great  opportunities  that 
such  coordination  will  unfold  for  the  chemist. 

On  Thursday,  the  regular  sessions  were  interrupted  sufficiently 
long  to  listen  to  some  special  addresses.  First  came  a  concise 
but  live  talk  by  the  president,  K.  P.  Veitch,  on  "Opportunities 
and  Responsibilities  of  the  Association  of  Official  Agricultural 
Chemists."  He  urged  the  members  to  advise  the  secretary  of 
any  proposed  outside  activity  which  would  come  in  any  way 
within  the  field  of  the  association  so  that  steps  might  be  taken 
to  coordinate  the  various  efforts  and  avoid  duplication  of  work. 
He  strcs.sed  the  importance  of  promoting  uniformity  in  methods, 
the  interchange  of  ideas,  of  at  least  one  representative  from 
each  member  organization  attending  the  annual  meetings  of  the 
society,  and  recommended  that  the  association  revert  to  its  former 
practice  of  printing  the  full  report  of  the  annual  meetings,  includ- 
ing all  discussions.  In  addition  to  work  on  methods  and  their 
application,  the  president  urged  the  members  to  take  a  larger 
directing  part  in  all  scientific  service  relating  to  agriculture 
and  to  give  all  the  information  they  have  to  give  when  service, 
private  or  public,  involving  chemistry  is  performed. 

Then  came  an  address  by  Dr.  Harvey  W.  Wiley,  honorary 
president— the  man  who  has  the  rare  distinction  of  never  having 
missed  a  meeting  of  the  association.  This  is  a  happy  circum- 
stance for  those  attending  these  conventions,  since  his  address  is 
always  regarded  as  the  bright  spot  of  the  meeting.  Always 
timely  in  his  remarks,  it  being  Cancer  Week,  he  discussed  the 


cancer  question.  He  regarded  it  as  peculiarly  appropriate  to 
address  chemists  on  this  subject  since  one  of  the  remedial  agents 
for  cancer  has  been  provided  by  the  action  of  chemists.  He 
spoke  in  scathing  terms  of  the  misleading  advertisements  for 
cancer  that  are  being  broadcasted,  considering  them  one  of  the 
greatest  enemies  of  cancer  cures.  Commenting  upon  the  re- 
markable change  that  has  taken  place  in  our  ideas  of  the  nature 
of  matter,  our  present-day  belief  that  all  matter  is  alike — -that  all 
the  electrons  in  the  nucleus  are  the  same  wherever  they  exist — 
in  his  inimitable  manner  he  compared  the  history  of  the  atom 
to  the  history  of  humanity,  likening  the  protons  to  men  and 
the  electrons  to  women.  In  conclusion  he  said  that  the  un- 
known will  always  offer  endless  fields  and  opportunities  for  in- 
vestigation, and  that  there  is  no  end  to  the  good  which  this 
association  can  accomplish — it  is  boundless  in  its  activities  and 
in  its  field  of  endeavor.  He  urged  chemists  to  cultivate  the 
true  scientific  spirit,  never  to  be  satisfied,  but  to  keep  on  with 
perfect  humility  even  in  the  attainment  of  great  progress. 

Senator  E.  F.  Ladd  of  North  Dakota,  many  years  actively  en- 
gaged in  association  work,  first  as  referee,  then  as  a  member  or 
chairman  of  various  important  committees,  and  at  one  time 
president,  next  addressed  the  convention.  He  seemed  happy  to 
be  in  a  gathering  of  chemists  and  declared  that  he  felt  more  at 
home  with  them  than  he  has  ever  felt  among  politicians.  He 
believes  that  there  is  no  greater  field  than  that  of  chemistry  and 
that  the  future  holds  even  greater  possibilities  for  the  chemist. 
National  laws,  in  regard  to  paint,  varnish,  and  textile,  will  prob- 
ably be  enacted  at  an  early  session  of  Congress.  Such  laws 
will  throw  added  responsibility  upon  our  regulatory  officials 
and  will  open  new  fields  of  endeavor  both  for  the  regulatory 
and  research  worker.  These  laws  will  be  for  the  best  interest 
of  the  people  and,  in  the  end,  for  the  manufacturers  themselves. 
Need  for  reform  in  expert  testimony  was  erapha.sized,  and  chemists 
were  urged  not  to  allow  the  lawyer  to  determine  what  they  shall 
give  as  evidence.  Very  often  the  chemist  allows  the  attorney 
to  shape  the  answer  so  that  it  suits  the  attorney's  ideas  and 
thus  the  chemist  only  presents  a  half-proof,  which  frequently 
leads  to  wrong  decisions.  He  urged  chemists  to  insist  that 
they  formulate  their  own  questions  and  their  own  answers 
in  court  cases,  and  called  attention  to  the  importance  of  the 
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service  which  the  association  could  render  in  this  respect.  The 
Senator  paid  special  tribute  to  Dr.  Wiley  as  the  guiding  spirit 
of  the  association  and  said  that  he  had  come  before  the  associa- 
tion to  meet  the  chemists  with  whom  he  had  been  associated  in 
the  past,  and  to  show  his  good  will  and  respect  for  the  great 
calling  of  chemistrj'. 

So  much  interest  was  manifested  in  the  Drug  Section  that  the 
program,  instead  of  occupying  half  a  day  as  scheduled,  con- 
tinued for  more  than  one  and  one-half  days.  In  all,  eighteen 
reports  and  papers  were  presented.  Methods  were  adopted 
as  official  for  the  examination  of  arsphenamine  and  neoarsphen- 
amine.  This  is  the  first  time  the  association  has  had  official 
methods  for  these  substances.  Very  notable  action  was  taken 
when  the  association  went  on  record  as  recommending  that  the 
methods  for  the  assay  of  physostigma  and  its  preparations  and 
fluid  extract  of  hyoscyamus  be  submitted  to  the  chairman  of  the 
revision  committee  of  the  United  States  Pharmacopeia,  and  that 
these  methods  remain  tentative  until  such  time  as  they  appear  in 
the  Pharmacopeia.  Mr.  Julius  Hortvet  presented  a  special 
paper  on  sublimation,  which  evoked  considerable  comment. 
The  method  he  outlined  gives  promise  of  being  adaptable  to 
quantitative  work  and  also  of  having  wide  industrial  application, 
especially  in  the  purification  of  chemicals. 

The  referee's  report  upon  the  preparation  of  neutral  am- 
monium citrate  terminates  the  work  upon  this  important  sub- 
ject which  has  been  before  the  association  continuously  for  a 
period  of  many  years.  To  those  interested  in  the  use  of  this 
solution  the  settling  of  this  question  is  of  the  most  importance, 
since  it  places  a  reliable  colorimetric  method  of  determination, 
based  on  physico-chemical  principles,  in  the  hands  of  everj- 
chemist.  A  special  paper  on  the  utilization  by  crops  of 
potash  absorbed  by  gels  probably  indicates  a  new  phase  of 
potash  availability  which  may  have  a  direct  bearing  upon 
methods  used  in  the  analysis  of  commercial  fertilizers  and 
potash  materials. 

The  Committee  on  Editing  Methods  of  Analysis  was  instructed 
to  revise  the  methods  of  the  association  so  that  they  can  be  voted 
upon  at  the  1923  meeting,  the  1923  changes  mcorporated  therein, 
the  revision  completed,  and  the  book  of  methods  available  for 
distribution   by   July    1,    1924.     It  was   further  voted   that   a 


chapter  on  the  analysis  of  liming  materials  be  prepared  for 
insertion  in  the  Methods,  and  that  so  far  as  possible  the  methods 
which  are  already  official  be  adopted  after  adapting  them  to 
the  determination  of  liming  materials  as  such.  This  compila- 
tion is  to  be  completed  and  published  as  a  part  of  the  1922 
proceedings.  The  present  official  method  for  citrate-insoluble 
phosphoric  acid  in  fertilizers  was  modified  so  as  to  be  appli- 
cable to  precipitated  phosphates,  the  change  consisting  in  the 
reduction  of  the  charge  from  2  g.  to  1  g.  The  Wagner  method 
was  adopted  as  official  for  the  determination  of  available 
phosphoric  acid  in  basic  slag  phosphates.  This  is  the  first 
time  that  there  has  been  an  official  method  for  this  determi- 
nation. 

The  Committee  on  Definition  of  Terms  and  Interpretation 
of  Results  on  Fertilizers  presented  a  list  of  subjects  for  considera- 
tion and  study  prior  to  the  adoption  of  definitions  and  rulings 
thereon. 

The  chairman  of  the  Board  of  Editors  briefly  outlined  the 
difficulties  and  complications  which  the  board  has  encountered, 
and  made  the  highly  gratifying  armouncement  that  the  society 
is  now  up  to  date  in  the  publication  of  its  proceedings. 

A  number  of  resolutions  were  adopted,  of  which  the  following 
is  especially  noteworthy: 

Resolved,  That  this  Association  go  on  record  as  heartily 
endorsing  the  campaign  recently  inaugurated  by  the  American 
Chemical  Society  to  educate  the  American  people  to  a  better 
understanding  of  chemistr>',  its  possibilities,  and  applications  to 
everyday  life. 

The  following  officers  were  appointed  for  the  ensuing  year: 

Honorary  President:     Harvey  W.  Wii.Ey. 
President:     A.  J.  Patten. 
Vice  President:  R.  E.  DooLrrTLB. 
Secretary-Treasurer:     W.  W.  Skinner. 

Additional  members  of  the  Executive  Committee  are  E.  M. 
BaUey,  P.  B.  Dunbar,  R.  W.  Balcom,  J.  B.  Weems,  and  J.  W. 
Kellogg. 

The  names  of  members  of  committees,  referees,  and  associate 
referees  for  the  year  1923  may  be  secured  through  the  secretary. 
The  full  proceedings  will  be  printed  in  the  Journal  of  the  Associa- 
tion of  Official  Agricultural  Chemists. 
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NOTES  AND  CORRESPONDENCE 


An  Appreciation 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemislry: 

On  the  eve  of  my  return  from  New  York  to  England,  I  cannot 
refrain  from  asking  you  to  allow  me,  through  the  columns  of  your 
well-known  journal,  to  express  my  thanks  to  all  who  have  helped 
to  make  my  visit  to  the  United  States  a  continuous  round  of 
pleasure,  instruction,  and  interest.  I  leave  more  than  ever 
impressed  with  the  great  work  which  is  being  done  for  the  Amer- 
ican nation  by  the  profession  and  industry  of  chemistry,  with  the 
value  of  so  great  an  organization  as  the  American  Chemical 
Society  in  the  consolidation  of  chemical  interests  and  the  direc- 
tion of  their  influence  upon  the  national  life;  and  especially 
with  your  organization,  both  through  state  action  and  through 
private  and  industrial  enterprise,  for  the  prosecution  of  research — 
the  secret  and  foundation  of  all  real  progress. 

To  yourself,  sir,  and  to  your  colleague.  Dr.  Charles  L.  Parsons, 
I  am  indebted  for  a  welcome  to  Washington  which  I  shall  never 
forget,  and  for  an  opportunity  of  meeting  a  gathering  of  dis- 
tinguished American  scientists  whom  it  was  indeed  an  honor 
and  a  pleasure  to  know.  I  return,  as  all  my  fellow-delegates  do, 
overwhelmed  with  the  memory  of  American  friendship  and 
hospitality.  The  fundamental  unity  of  the  English-speaking 
race  is  no  longer  to  us  a  mere  theory  but  a  potent  reality  for  us 
and  for  the  world,  and  I  trust  and  believe  that  the  only  rivalry 
England  and  America  will  ever  know  is  the  rivalry  as  to  which 
shall  best  serve  the  welfare  and  progress  of  mankind. 

With  real  gratitude  for  all  the  kindness  I  have  received  on 
this  side  and  with  the  heartiest  wishes  for  the  prosperity  of  your 
work. 

F.  E.  Hamer 
Editor,  The  Chemical  Age 

Nbw  York  City 

October  27,  1922 


The  Paint  Industry 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

To  your  September  issue,  p.  775,  Dr.  A.  H.  Sabin  contributes 
a  brief  review  of  the  progress  of  the  paint  industry,  which  parallels 
the  famous  chapter  on  "Snakes  in  Ireland."  Dr.  Sabin  writes 
"little  can  be  said  of  progress  in  the  paint  industry,"  and  then 
proceeds  to  describe  the  manufacture  of  Titanox,  its  properties 
and  qualities,  with  an  equivocal  glance  at  light-resistant  litho- 
pone  and  a  recognition  of  Perilla  Oil. 

The  impression  left  by  this  statement  is  certainly  not  favor- 
able to  the  industry.  It  is  hardly  to  be  expected  that  in  an 
industry  so  long  established  new  materials  should  be  discovered 
daily,  but  progress  in  any  industry  certainly  does  not  consist 
merely  of  the  introduction  of  new  materials;  rather  it  consists 
in  improvements  in  methods  and  processes,  in  increased  knowl- 
edge of  materials,  in  better  laboratory  control,  in  better  tech- 
nology. 

In  all  these  fields  the  paint  and  varnish  industry  has  made 
consistent  progress,  not  only  in  the  past  year,  but  during  a 
number  of  years  past.  The  practical  chemist,  once  a  rara  avis, 
is  now  an  important  factor  in  most  plants.  The  research  labo- 
ratory, once  unknown  in  this  field,  is  now  an  established  feature 
of  the  larger  organizations,  and  all  of  these  are  correlated  through 
the  Federation  of  Production  Clubs,  the  Scientific  Section  of 


the  Educational  Bureau,  and  Committee  D-1  of  the  American 
Society  for  Testing  Materials. 

Not  only  has  great  progress  been  made  in  the  standardization 
of  specifications  for  materials  and  products — e.  g.,  the  speci- 
fications of  the  Interdepartmental  Committee  of  the  Govern- 
ment at  Washington,  and  the  standard  specifications  of  the 
A.S.  T.  M. — but  considerable  progress  has  been  made  in  eluci- 
dation of  the  physical  and  physico-chemical  laws  underlying 
paint  problems,  together  with  means  for  measurement  and 
numerical  e.xpression  of  properties  and  qualities. 

As  to  lithopone,  it  is  a  fact  familiar  to  all  paint  manufacturers 
that  practically  all  the  standard  brands  show  decided  improve- 
ment in  Ught-resistance  as  well  as  in  physical  uniformity,  while 
at  least  one  and  possibly  others  are — as  pigments  in  oil — prac- 
tically light-proof.  Their  use  in  exterior  paints  is  constantly 
increasing,  and,  in  contradiction  to  the  opinion  quoted  by  Dr. 
Sabin,  it  is  the  general  opinion  that  this  use  will  expand  indefi- 
nitely. 

In  a  long-estabUshed  industry  progress  is  commonly  mani- 
fested in  details  rather  than  in  revolutionary  changes,  and  in 
these  details  both  the  paint  and  the  varnish  industry  show  en- 
couraging progress.  A  reference  to  your  own  files  during  the 
past  year  will  amply  demonstrate  this  assertion. 


G.  B.  Heckel,  Secretary 


Paint  Manupactdsers'  Association 
OP  THB  United  Statb3 
Phu-adelphia,  Pa. 
October  9,  1922 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Mr.  Heckel's  criticism  is  that  of  a  hopeful  optimist;  but  the 
review  was  an  attempt  to  tell  of  facts  as  they  are,  and  not  what 
we  hoped  for.  I,  myself,  know  little  about  lithopone,  for  ex- 
ample; but  I  had  the  separate  and  agreeing  opinions  of  several 
of  the  largest  makers  of  that  substance,  and  of  chemists  of  paint 
companies  that  use  it.  I  know  it  does  not  agree  with  the  adver- 
tisements. I  appreciate  the  value  of  the  work  done  by  Dr. 
Bingham,  Mr.  Green,  and  others,  but  it  seems  incomplete,  and 
special  mention  may  be  deferred  until  some  practical  results 
are  shown.  If  there  has  been  any  important  progress  in  varnish 
making  during  the  year,  none  of  the  makers  whom  I  have  been 
able  to  consult  have  heard  of  it.  There  is  no  use  in  taking  space 
for  telling  of  things  that  are  not  yet  done. 

A.  H.  Sabin 

National  Lead  Company 
New  York,  N.  Y. 
October  20,  1922 


A  Mistaken  Rumor 

A  rumor  is  spreading  in  this  country  that  the  International 
Research  Council,  which  is  represented  in  America  by  the 
National  Research  Council,  took  action  at  its  meeting  in  Brussels 
last  July  excluding  Germans  and  Austrians  from  its  meetings 
and  from  meetings  of  the  various  international  unions  afliliated 
with  it  for  a  period  of  twelve  years.  No  such  action  was  proposed 
or  taken.  No  German  or  Austrian  organizations  have  as  yet 
been  admitted  to  the  International  Research  Council  but  their 
admission  is  probably  a  matter  of  the  near  future.  (Vernon 
Kellogg,  Permanent  Secretary.  \ 
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A  New  Method  of  Color  Measurement 
for  Oils 

Editor  of  the  Journal  of  Industrial  and  Ens^ineering  Chemistry: 

I  cannot  refrain  from  writing  to  straighten  out,  and  in  some 
cases  contradict  a  number  of  statements  regarding  Lovibond's 
tintometer  contained  in  an  article  headed  "A  New  Method  of  Color 
Measurement  for  Oils"  in  your  issue  of  April  1922.  page  209. 

It  is  evident  from  the  start  that  the  writers  are  not  themselves 
well  acquainted  with  Lovibond's  system  or  Lovibond's  Color 
Laws. 

In  the  foreword  it  is  implied  that  Lovibond's  method  is  not 
consistent  if  we  give  the  word  "consistent"  its  dictionary  mean- 
ing of  "not  contradictory,"  then  most  certainly  Lovibond's 
method  is  consistent,  as  with  proper  precautions  for  the  initial 
measurement  it  can  be  relied  upon  and  be  reproduced  with 
accuracy  in  any  country. 

It  is  also  stated  to  be  unsatisfactory  for  three  reasons.  I  will 
take  them  in  order  and  as  lettered: 

1 — Wide  Separation  op  the  Squares  of  Light.  The  wide 
separation  of  the  fields  is  found  by  some  color  workers  to  be  a 
great  help,  and  after  twenty-five  years  of  color  work,  I  am  not 
at  all  certain  it  is  not  the  correct  method;  but  as,  on  the  other 
hand,  some  persons  have  found  difficulty  in  their  readings  by 
this  method,  in  the  newest  instruments  it  has  been  abandoned 
and  the  two  fields  are  now  side  by  side.  As  yet  no  optical 
device  has  been  approved  by  the  Tintometer  Laboratory  workers 
as  giving  true  and  reliable  color  readings. 

2 — Matching  Oils  above  500  Color.  Mr.  Lovibond  him- 
self, as  long  ago  as  in  1901,  begged  chemists  testing  oils  for  color 
not  to  measure  them  in  too  great  a  color  depth.  He  advised  a 
small  cell  or  thin  film  but  the  commercial  man  would  not  hear  of 
it  and  adopted  18  in.  and  5'/«  in.  as  their  standard  cells. 

3 — Colors  not  Additive.  If  your  writers  will  refer  to  page 
8  of  Mr.  Lovibond's  book,  "Light  and  Color  Theories,"  they  will 
find  the  answer  to  (3)  in  Law  9.  "Every  definite  substance  has 
its  own  specific  rate  of  color  development  for  regularly  increasing 
thicknesses."  This  law,  which  is  one  upon  which  the  whole 
science  of  color  measurement  hangs,  has  been  overlooked 
throughout  the  paper  before  us. 

We  would  like  to  add  here  that  it  is  quite  easy  to  determine  the 
actual  amount  of  coloring  matter  removed  by  fuller's  earth 
under  definite  conditions  by  means  of  the  tintometer.  The 
use  of  the  Lo^^bond  scale  for  oils  was  first  suggested  by  Mr. 
Lovibond  himself,  in  connection  with  Sir  Boverton  Redwood. 
The  cell  then  advised  was  Vie  in.  strata  thickness;  the  oil  trade, 
however,  preferred  the  longer  length  of  5V<  in.,  which  was 
too  great  a  length  as,  of  course,  the  longer  the  length  of  cell  the 
deeper  is  the  color  to  be  matched  by  the  standard  glasses. 

The  color  of  a  solution  always  changes  very  gradually  by  means 
of  a  sufficiently  large  number  of  graduated  cells,  the  color  ab- 
sorption curves  can  be  accurately  established,  and  the  exact 
point  where  one  color  dies  out  and  the  other  appears  can  be  as- 
certained. Here  again  I  would  refer  to  "Light  and  Color  The- 
ories," page  33  and  plate  5. 

Mr.  Lovibond  proved  many  years  ago  that  percentage  di- 
lution and  cell  dilution  by  varjTng  thickness  gave  concordant 
results. 

It  would  be  interesting  to  know  what  is  meant  by  "colors 
between  3  or  4  and  200"  and  "above  400°."  It  is  impossible 
for  any  color  observer  to  read  with  accuracy  at  such  a  depth  as 
200,  or  for  the  glass  standards  themselves  to  be  made.  The 
best  way  is  to  adopt  the  use  of  a  thin  film  of  the  substance  to  be 
measured. 

The  relationship  between  the  true  Lo\nbond  scale  and  the 
arbitrary  scale  can  always  be  found  with  a  little  careful  work. 

Lovibond  curves  are,  of  course,  not  additive  in  one  sense  on 
account  of  the  before-mentioned  Law  9,  but  the  colors  them- 
selves are  additive. 


With  reference  to  the  "True  color"  scale  mentioned,  it  would 
be  interesting  to  learn  on  what  this  scale  is  based  and  why  it  is 
"True,"  also  of  what  the  standards  themselves  consist. 


Tub  Tintomhtkr.  Ltd. 

Samsbury,  Knolano 

June  10.  1922 


P.  B.  Baksk 


Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  writers  had  no  intention  of  casting  any  reflection  upon  the 
admirable  work  of  Lovibond  and  his  associates  on  color.  They 
have  read  his  book  on  "Light  and  Color  Theories,"  and  feci 
that  Mr.  Baker,  if  he  had  read  our  articles  more  carefully, 
would  have  noted  a  reference  to  many  points  on  which  he  asks 
for  information.  We  have  carefully  stated,  mathematically 
and  otherwise — although  possibly  in  a  diflcrent  form — the  funda- 
mental laws  of  color  measurement,  which  we  are  said  to  have 
overlooked. 

As  stated,  the  scope  of  our  work  was  to  develop  a  method  for 
use  in  the  petroleum  industry,  where,  besides  other  methods, 
the  Lovibond  amber-colored  glasses  are  now  employed.  Two 
years'  personal  work  in  both  laboratory  and  plant,  as  well  as 
conferences  with  other  oil  chemists,  convinced  us  of  many  dis- 
advantages in  using  the  Lovibond  amber-colored  glasses.  These 
disadvantages  are  carefully  noted  in  our  article,  and  it  may  again 
be  emphasized  that  it  is  practically  impossible  to  check  readings 
by  this  system  with  dark  stocks,  with  which  our  work  was  largely 
concerned,  and  as  a  consequence  of  this  disadvantage,  the 
yield  of  filtered  oils  often  varies  by  many  hundreds  of  gallons 
with  resulting  uncertainty  in  filtering  processes. 

That  some  form  of  accurate  color  measurement  is  greatly 
needed,  is  evident  by  the  vast  amount  of  research  now  under 
way  by  various  oil  chemists. 

In  our  foreword,  "consistent"  was  used  in  another  equally 
rigid  dictionary  meaning  of  "uniform,"  as  evidence  of  our  at- 
tempt to  find  a  method  and  apparatus  which  would  measure  the 
color  of  all  petroleum  oils  from  the  lightest  to  the  darkest.  As 
stated,  with  the  present  Lovibond  amber  glasses,  for  dark  oils 
it  is  imperative  that  these  be  diluted  with  water-white  kerosene 
or  other  solvent  to  permit  them  to  be  matched  in  the  tintom- 
eter. Furthermore,  the  values  so  obtained  on  dilution  bear  no 
definite  relation  to  the  colors  of  lighter  undiluted  oils. 

Regarding  "wide  separation  of  light  squares."  the  writers  be- 
lieve that  most  color  experts  will  agree  that  close  juxtaposition 
of  color  squares  is  a  great  aid  in  matching.  Mr.  Baker  admits 
a  difJerence  of  opinions,  yet  states  that  no  optical  device  has  been 
approved  by  his  laboratory.  Other  methods  have,  however, 
been  found. 

In  matching  oils  above  500  color,  we  are  in  apparent  agree- 
ment with  Lo\'ibond's  original  suggestion  of  measuring  oils  in 
thin  films.  We  have  de\-ised  such  thin  films  and  applied  them 
successfully  to  the  problem  in  hand. 

In  our  adaptation  of  thin  films,  according  to  Mr.  Baker,  we  also 
check  Lovibond's  original  obser\-ation  regarding  the  relation 
between  percentage  dilution  and  cell  dilution  by  varying  thick- 
ness. 

Again  referring  to  otu-  article,  by  "colors  between  3  or  4  and 
200,"  is  meant  the  color  of  the  Lovibond  amber  glasses.  Use  of 
any  tri-  or  multi-colored  standards  would  obviously  be  im- 
practicable in  an  oil-testing  laboratory  where  speed  and  simplic- 
ity of  recording  data  are  both  imperative.  Mr.  Baker  again 
agrees  with  our  data  in  sajHhg  that  it  is  better  to  measure  thin 
films  than  to  use  a  dark  color  glass. 

Our  "True  color,"  as  stated,  means  a  figure  proportional  to 
the  amoimt  of  coloring  matter  present  in  the  oil.  The  relation 
between  the  Lovibond  color  and  True  color  is  deariy  explained 
in  detail  and  given  in  tabular  form  where  the  relation  between 
N.  P.  A.  colors,  Lo\-ibond  colors  (Series  500),  and  True  color 
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values  is  stated.  Detailed  cur\es,  Plate  VIII  and  Plate  IX, 
also  give  plotted  data  showing  these  relationships.  Reference 
to  these  plates  indicates  that  Lovibond  color  and  True  color  are 
the  same  up  to  50°,  but  de\-iate  above  this  point.  In  fact,  we 
refer  to  standardizing  our  oil  standard.  L.  S.,  against  a  50  Lovibond 
glass. 

In  conclusion,  it  may  be  stated  that  we  do  not  claim  any  new 
system,  but  rather  an  adaptation  of  the  laws  and  facts  of  color 
measurement  to  a  method  for  measuring  the  true  colors  of  pe- 
troleum oil  from  the  lightest  to  the  darkest,  using  specially  con- 
structed thin  films  for  measuring  the  darker  oils.  Research  and 
plant  work,  involving  oil  varying  in  amount  from  1  cc.  to  8000 
gal.,  has  been  covered,  and  data  obtained  on  a  laboratory  scale 
have  been  checked  absolutely  in  the  plant,  all  being  based  on 
our  True  color  method.  Plant  control  was  compared,  inci- 
dentally, by  both  Lovibond  and  True  colors. 

It  is  regretted  that  Mr.  Baker  interpreted  our  article  as  re- 
flecting on  Lovibond's  basic  laws,  and  pioneer  work  in  this  field. 
A  more  careful  perusal  of  our  description  and  data  indicates  the 
various  points  involved. 

Leon  W.  Parsons 

RSSEAECU  Laboratory  op  ArPLiBD  Chemistry 

Massachusetts  Institute  op  TscaNOtOGY 

Caubridge,  Mass. 

October  30,  1922 


The  Plant  Manager  and  the  Chemist 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Mr.  Grifiin's  comment  in  the  October  issue  of  This  Journal, 
on  the  article  entitled,  "The  Plant  Manager  and  the  Chemist," 
embodies  several  points  of  extreme  interest  to  both  the  chemist 
and  the  plant  manager. 

Mr.  Griffin  maintains  that  the  chemist  who  does  not  require 
authority  to  secure  the  cooperative  development  of  his  ideas 
would  be  discredited  for  holding  a  subordinate  position  This 
is  admittedly  true,  but  it  is  equally  true  that  the  chemist  does 
not  wish  to  stay  in  a  subordinate  position,  nor  is  it  to  the  ad- 
vantage of  the  plant  to  keep  him  in  such  a  place. 

Mr.  Griffin's  comment  that  he  has  seen  many  plant  managers 
who  are  out  of  place,  is  undoubtedly  true,  as  many  men  in  this 
position  have  the  position  for  reasons  other  than  their  adapt- 
ability to  it,  the  position  being  given  to  them  for  a  great  many 
reasons  that  are  present  in  all  industrial  plants.  Invariably, 
however,  the  plant  manager  has  to  engage  the  chemists  for  the 
plant,  and  for  this  reason  the  chemist  must,  until  there  is  some 
other  way  of  selecting  plant  managers,  accept  them  as  such. 

It  is  to  be  remembered  that  the  average  plant  chemist,  in  com- 
parison witli  the  plant  manager,  is  a  new-comer,  most  managers 
only  attaining  their  position  after  long  experience  in  their  partic- 
ular branch  of  manufacture.  The  technical  man  must  learn 
to  take  advantago  of  the  experience  accumulated  by  the  men 
who  have  long  been  connected  with  the  industry  and  must  be 
guided  in  his  work  largely  by  such  experience. 

Many  men  engage  themselves  as  chemists  who  believe  that 
they  are  in  direct  line  for  executive  positions  and  that 
these  positions  shouUl  come  quickly.  If  the  advances  do  not 
realize  with  speed,  then  many  chemists  feel  that  their  case  is 
not  treated  fairly  and  that  the  profession  as  a  whole  is  not  prop- 
erly recognized.  I  believe  in  the  natural  evolution  of  an  indus- 
trial chemist,  which  is  to  become  a  manager  of  the  industry.  I 
do  not  mean  the  plant  manager  alone,  but  there  is  no  reason  why 
he  should  not  manage  the  whole  of  the  undertaking.  His  train- 
ing should  fit  him  to  be  a  keen,  observing  man  of  business. 

There  are  plenty  of  illustrations  where  this  has  been  the  result 
with  chemists  who  were  fitted  to  their  work  and  who  wanted  to  get 
the  most  out  of  it.     It  is  a  fact  that  many  chemists  are  offered 


the  pay  of  ordinary  employees  when  their  training  warrants 
a  very  much  better  return.  There  is  not  at  this  time  any  way  of 
correcting  this  difficulty.  It  is  certain,  however,  that  a  chemist 
caimot  be  good  in  his  work  and  be  hired  for  a  niggardly  sum  for 
long,  so  that  a  chemist  making  a  good  showing  is  bound  to  have 
the  returns  somewhere  near  what  they  should  be. 

Alany  managers  expect  more  from  inexperienced  chemists 
than  it  would  be  possible  for  experienced  men  to  deliver,  and 
I  believe  that  this  condition  will  continue  until  the  trained  chem- 
ist is  more  fully  established  in  industrial  plants.  Then  there 
will  be  a  medium  of  understanding  with  the  chemist,  plant  man- 
ager, and  the  embr>'0  chemist  looking  for  honors  in  production. 

I  acknowledge  the  fact  that  the  chemists  as  a  whole  are  con- 
stant and  hardworking,  but  I  am  of  the  opinion  that  there  are 
a  vast  number  of  men  in  the  profession  who  are  indifferent  to  the 
fine  points  in  it  and  who  are  as  a  result  injuring  high-grade 
chemists.  The  title  of  chemist  should  indicate  that  the  holder 
is  a  person  of  considerable  mental  attainments. 

It  was  farthest  from  my  intentions  not  to  show  a  "kindly  sym- 
pathetic spirit  of  encouragement."  Chemists  should  assume 
greater  responsibility  and  interest  in  the  manufacture  than  they 
do  at  present,  as  the  future  of  any  industrial  firm  should  lie  in 
the  improvement  of  its  products  through  the  intelligent  appli- 
cation of  tcAnical  ideas. 

George  L.  O'Brien 

O'Brien  Varnish  Company 
South  Bend,  Ind. 
November  9,  1922 


"America  First" 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Two  very  different  tendencies  have  grown  in  the  world  dur- 
ing and  since  the  war.  During  the  war,  more  than  a  dozen 
nations  fought  together  in  close  cooperation  under  a  single 
command.  American  soldiers  used  French  airplanes  and  French 
artillcrj'.  Without  them  the  contribution  of  America  to  the 
war  would  have  been  almost  negligible.  Thousands  of  Ameri- 
cans worked  for  the  Government  on  the  "doUar-a-year"  basis 
and  most  of  these  were  not  profiteers.  The  American  people 
ate  corn  bread  and  curtailed  their  use  of  sugar,  that  the  people 
of  England  and  France  might  not  starve.  Fighting  against 
us  were  four  other  nations,  equally  united.  On  both  sides 
workmen  forgot  their  grievances  and  worked  for  the  common 
cause,  and  in  return  received  more  consideration  and  more 
adequate  pay. 

Since  the  war,  nationalistic  and  capitalistic  tendencies  have 
become  more  pronounced  and  more  harmful  than  ever  before. 
"America  First"  has  become  so  exactly  like  "Deutschland  fiber 
AUes"  that  it  is  hard  to  distinguish  the  spirit  of  the  two  slogans, 
though  both  slogans  are  also  used  in  the  sense  of  a  patriotic  inter- 
national rivalry  with  no  thought  of  injury  to  others.  Instead 
of  establishing  national  boundaries  on  economic  principles  and 
for  the  common  welfare,  the  lines  were  placed  largely  for  stra- 
tegic reasons,  as  though  war  were  to  be  the  common  and  normal 
condition  of  the  world. 

All  Europe  was  preparing  for  decades  for  the  catastrophe 
of  1914.  Instead  of  realizing  that  every  nation  w^as  responsible 
in  part  for  the  conditions  that  had  arisen,  and  uniting  now  in 
their  common  misery  to  repair  the  injury  that  has  been  done, 
too  many  statesmen  are  intent  on  some  selfish  aim  for  their 
own  people,  apparently  indifferent  to  the  injury  they  are  doing 
to  other  nations.  Frenchmen  insist  that  Germany  alone  was 
responsible  for  the  war  and  fought  to  destroy  France  and  secure 
dominion  over  Europe  and  ultimately  over  the  world.  Germans 
are  equally  insistent  that  they  fought  a  defensive  war  against 
an    overwhelming    combination.     The    intellectual    leaders    of 
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France  refuse  to  have  any  intercourse  or  acquaintance  with  the 
intellectual  leaders  of  Germany,  and  suspicion  and  hatred  grow 
fast  on  both  sides.  French  statesmen  insist  on  the  full  payment 
of  the  so-called  reparations,  which  are  really,  in  part,  indem- 
nities to  provide  pensions  in  France  and  Kngland.  They  seem 
to  be  rather  gUul  that  this  insistence  is  bringing  economic  ruin 
to  Germany,  and  to  forget  that  it  may  make  further  payments 
impossible  for  years  to  come.  And  it  is  not  certain  that  Ger- 
mans and  especially  German  capitalists  arc  doing  all  that  they 
might  to  comply  with  the  tenns  of  the  treaty. 

Before  the  war,  it  was  customary  to  travel  all  over  Western 
Ivurope  without  a  passport.  Now,  following  the  example  set 
by  America,  expensive  vises  arc  required,  passports  are  examined 
at  every  boundary,  and  customs  examinations  are  a  nightmare 
to  travelers.  An  exaggerated  spirit  of  nationalism  holds  sway 
everywhere. 

No  one  who  has  visited  Ruropc  recently  and  who  has  seen  at 
all  below  the  surface  will  claim  that  the  picture  is  too  dark. 
Indeed,  one  prominent  German  chemist  with  whom  I  talked 
this  summer  sees  starvation  and  cannibalism  coming  to  Germany 
as  they  have  come  to  Russia.  And  no  one  seems  to  see  any  way 
out. 

Yet,  the  way  is  clear  before  us  if  the  nations  could  only  take 
the  lessons  of  history  and  apply  them.  It  is  only  a  little  more 
than  fifty  years  since  Prussia  and  Bavaria  fought  each  other, 
but  very  soon  afterwards  Bismarck  had  welded  Prussia,  Bavaria, 
and  the  other  German  states  into  a  unified  empire, — with  the 
fatal  mistake,  however,  that  the  unification  grew  out  of  success- 
ful wars  and  was  essentially  military  at  its  foundations.  In- 
stead of  being  a  federation  of  states  with  equal  rights,  the  Prus- 
sian State  was  dominant.  In  1914  smne  Germans — though  by 
no  means  all — wished  to  build  an  enlarged  Germany  and  make 
their  empire  dominant  in  Europe.  Instead  of  an  empire  of  that 
sort,  it  should  be  clear  to  every  one  that  further  wars  between 
France  and  Germany  must  bring  a  hundred-  or  a  thousand- 
fold greater  loss  to  each  than  the  small  gain  which  might  possibly 
come  to  the  victor  in  the  strife.  Switzerland  is  a  federal  state, 
including  Frenchmen,  Germans,  and  Italians.     The  only  reasons 


why  France  and  Germany  may  not  also  form  a  federal  state 
seem  to  be  their  larger  size  ami  the  animosities  which  have  grown 
from  centuries  of  intermittent  wars.  These  obstacles  are  demlit- 
less  too  great  to  be  overcome  at  once,  hut  France  and  (<crmany 
should  certainly  find  some  practicable  way  to  co<Ji)crate  in  the 
restoration  of  the  devastcd  areas  on  a  basi.s  that  will  not  bring 
financial  ruin  to  Germany  or  make  necessary  the  maintenance 
of  a  large  and  expensive  army  in  France. 

It  will  be  asked  why  such  questions  should  be  dLscusscd  in 
a  chemical  journal.  Because  the  chemists  and  other  scientific 
men  may,  if  they  will,  contribute  very  much  toward  a  Iwtter 
understanding  between  France  and  Germany.  The  Interna- 
tional I'nion  of  Pure  and  .'Xpplied  Chemistry  excludes  Germans 
and  Austrians  from  membership,  apparently  on  the  basis  that 
the  allies  were  on  so  much  higher  a  plane  during  the  war  that 
they  are  unwilling  to  associate  with  them.  Have  the  events 
of  the  last  four  years  demonstrated  that  Frenchmen  and  Knglish- 
men  and  Americans  are  so  far  less  selfish  than  Germans  and 
Austrians  in  their  national  ambitions  that  they  can  afford  to 
take  a  '"holier-than-thou"  attitude?  And,  even  if  we  still  bclicre 
that  .some  Germans  were  very  wrong  in  their  Pan-Germanism, 
is  there  more  hope  that  the  Germany  of  the  future  will  become 
a  safe  member  of  international  society  if  she  is  ostracized  than 
there  would  be  if  we  met  her  scientific  men  on  the  basis  of  equality 
and  friendly  cooperation? 

WTien  the  French  soldiers  came  to  the  Rhine  they  found  the 
German  children  star\'ing,  and  they  fed  them.  The  French 
poilus  and  the  German  common  people  learned  a  lesson  in  human 
brotherhood  which  will  not  soon  be  forgotten.  It  has  long  been 
the  custom  of  the  scientific  men  of  the  world  to  work  together 
in  friendly  rivalrj',  and  to  share  their  discoveries  freely  with  each 
other.  Is  it  not  possible,  now,  for  the  chemists  of  the  world 
to  meet  together  once  more  and  to  contribute  their  share  toward 
the  establishment  of  genuine  peace  among   the   nations? 

W.  A.  No  YES 

University  of  Illinois 
ITrbana.  Illinois 
November  1,  1922 


Frank  Sherman  Washburn 

A  man  of  broad,  driving  interest  was  Frank  Sherman  Wash- 
burn— a  man  of  personal  power,  who  never  knew  when  to  stop. 
From  the  beginning  of  his  career  he  drove  himself  to  the  limit  of 
his  physical  endurance,  and  up  to 
the  time  of  his  death,  on  October 
9,   he   continued  driving  himself. 
Even   in   periods   of  rest  he  held 
himself   to    a   rigid    schedule    in 
everything. 

The  American  Cyanamid 
Company  stands  as  a  memorial 
to  the  force  of  his  character  and 
his  ability  to  associate  able  men 
with  him  in  his  enterprises. 
Never  overbearing,  yet  always 
forceful,  he  made  associations 
with  men  of  the  highest  type  in 
carrying  through  his  many  ideas. 
As  a  tribute  to  his  ability  as  an 
organizer,  he   was   appointed    to  Fr.\nk  Sherman  \\'ashburn 

carry  through  the  immense  gov- 
ernment fixed  nitrogen  project  at  Muscle  Shoals,  and,  working 
against  the  almost  insurmountable  difficulties  of  the  war-time 
pressure,  he  had  this  plant  producing  fi:xed  nitrogen  within  a  year 
from  the  signing  of  the  contract.     The  feat  was  accomplished 


only  with  the  utmost  sacrifice  of  his  personal  energy.  Never  a 
moment  of  time  was  wasted  and  never  a  bit  of  his  limitless  supply 
of  energy  was  allowed  to  be  misdirected.  Probably  the  strain  of 
the  investigation  of  his  conduct  of  this  project,  which  followed 
the  war,  had  more  to  do  with  the  final  failure  of  his  physique  than 
any  other  one  thing. 

As  a  friend  and  companion,  few  could  equal  hira.  His  broad 
interest  in  affairs  and  the  immense  fund  of  information  in  his 
well-ordered  mind  made  him  a  deUghtful  talker;  yet  as  a  listener 
he  had  a  most  charming  deference  to  the  opinions  of  others. 
His  character  may  well  be  read  in  the  characters  of  those  with 
whom  he  associated.  His  hobbies,  if  such  a  dyna'mic  person  may 
be  considered  to  have  hobbies,  were  education  and  boating. 
His  educational  work  included  the  chairmanship  of  the  drive  for 
an  endowment  for  Cornell  University,  of  which  he  was  trustee 
for  many  years.  On  his  infrequent  boating  trips  he  always 
played  with  the  same  whole-hearted  energy  that  he  displayed 
in  his  business. 

It  will  be  long  before  another  comes  to  fill  his  place. 


The  Nobel  Prize  in  Chemistry  for  1921  has  been  awarded  to 
Frederick  Soddy,  professor  of  morganic  and  physical  chemistry 
at  the  University  of  Oxford.  Professor  Soddy  was  from  1900 
to  1902  demonstrator  in  chemistry  at  McGill  University,  Mon- 
treal. The  prize  for  1922  has  been  awarded  to  Francis  William 
Aston,  research  fellow  at  Trinity  College.  Cambridge.  Dr. 
Aston  recently  delivered  a  very  interesting  series  of  lectures 
on  isotopes  in  this  country. 


1172 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY  Vol.  14,  No.  12 


WASHINGTON  NOTES 


As  usual,  the  past  month  brought  to  Washington  several  con- 
ventions of  interest  to  the  chemist.  From  October  25  to  28 
the  Optical  Society  of  America  held  its  7th  annual  convention 
and  exhibit  of  optical  instruments  at  the  Bureau  of  Standards. 
Then  came  the  meeting  of  the  Association  of  Feed  Control 
Officials,  at  the  Raleigh  Hotel  on  November  1.3  and  14.  The 
dominant  note  sounded  at  this  meeting  was  uniformity  as  to 
labels  and  application  blanks.  Some  twenty-one  states  were 
represented,  and  the  opinion  was  practically  unanimous  that 
the  types  of  uniform  labels  and  registration  blanks  submitted 
could,  with  few  exceptions,  be  accepted  in  all  the  states  having 
feed  control  laws.  This  action  has  been  taken  after  several 
years'  efforts  on  the  part  of  the  officials  of  the  association.  Other 
important  business  accomplished  was  the  adoption  as  official 
of  tentative  standards  on  crude  fiber,  standard  middlings,  flour 
middlings,  and  red  dog  flour.  Next  came  the  annual  meeting 
of  the  Association  of  Official  Agricultural  Chemists,  reported 
elsewhere  in  Tnis  Journal.  That  convention  had  scarcely 
completed  its  deliberations  when  the  American  Society  of  Milling 
and  Baking  Technology  convened  at  the  Raleigh  Hotel  and  voted 
to  amalgamate  with  the  American  Association  of  Cereal  Chem- 
ists. The  ofTicers  of  the  society  were  reaected,  and  it  was  de- 
cided to  maintain  the  present  organization  until  the  American 
Association  of  Cereal  Chemists  meets  next  June  and  acts  upon 
the  resolution  to  combine.  Aad  now,  as  we  go  to  press,  the 
Association  of  Land  Grant  Colleges  is  about  to  hold  its  .36th 
annual  convention  at  the  New  Willard  Hotel. 
Tariff  Developments 

Every  effort  is  being  made  by  the  Government  to  facilitate 
the  operation  of  the  1922  Tariff  Act.  An  Executive  Order  has 
been  issued  declaring  that  all  requests  for  action  or  relief  under 
the  Tariff  Act  shall  be  filed  with  the  Tariff  Commission.  The 
latter,  in  turn,  has  issued  regulations  stressing  the  importance 
of  the  following  points:'  Applications  for  investigation  are  not 
required  to  be  in  any  special  form.  All  that  is  necessary  is  a 
simple  statement  of  the  relief  sought  and  the  grounds  therefor. 
No  investigation  will  be  ordered  except  for  good  and  sufficient 
reason.  The  commission  will  not  confine  itself  to  the  issues 
presented  but  will  modify  them  as  seems  best.  All  evidence 
presented  will  be  subject  to  verification. 

Assistant  Secretary  of  the  Treasury  Clifford  has  issued  a 
formula  to  guide  appraising  officers  in  assessing  duties  on  non- 
competitive coal-tar  products.  This  is  in  contradistinction  to 
American  valuation  which  is  to  be  applied  to  duties  on  competi- 
tive coal-tar  products.  It  is  hoped  that  the  application  of  this 
formula  will  result  in  uniform  tariff  duties  at  all  ports. 

Meantime  a  conference  of  representatives  of  the  Tariff  Com- 
mi.ssion,  the  Bureau  of  Standards,  and  the  Customs  Division 
of  the  Treasury  Department,  was  held  in  New  York,  November 
2  and  3,  to  discuss  the  administration  of  the  coal-tar  provisions 
of  the  new  tariff  law.  Another  conference  is  scheduled  for  early 
in  December,  and  it  is  probable  that  similar  conferences  will  be 
held  from  time  to  time.  Just  now  these  representatives  are 
most  concerned  with  plans  for  determining  the  standard  strength 
of  dyes  in  commercial  use  prior  to  July  1,  1914,  and  securing 
domestic  samples  for  comparative  purposes. 

The  flexible  section  of  the  McCumber-Fordney  Tariff  Act 
has  been  in  operation  since  November  9,  and  about  fifteen 
applications  for  revisions  of  duty  on  chemical  products  have  been 
received  by  the  Tariff  Commission,  some  asking  for  increases  in 
duty  and  others  for  decreases.  One  case  of  chemicals  is  now 
before  the  commissioners  for  action,  and  it  is  probable  that  by 
the  time  This  Journal  issues  a  preliminary  investigation  will 
have  been  ordered.  This  will  be  the  first  chemical  case  to  be 
investigated  under  the  new  law. 

Conference  on  Lubricating  Oils 

Proposed  changes  in  the  classification  of  lubricating  oil  speci- 
fications were  discussed  at  a  joint  meeting  of  the  Interdepart- 
mental Petroleum  Sjiccifications  Committee,  the  Advisory  Board 
to  the  Committee,  tlic  Lubricants  Division  of  the  Society  of 
Automotive  Engineers,  and  the  Technical  Advisory-  Committee 
of  the  American  Petroleum  Institute,  held  in  Washington,  D.  C, 
on  Novcmbci   13. 

Separate  schemes  for  classification  were  presented  by  repre- 
sentatives of  the  Society  of  Automotive  Engineers  and  by  the 
Navy  Department.  After  considerable  discussion,  it  was  brought 
out  that  a  difference  exists  between  turbine  oils  for  land  service 


and  turbine  oils  for  marine  service;  also  that,  for  turbine  oils 
with  paraffin  base  and  asphalt  base,  lubricants  seem  to  have  the 
same  effective  \'iscosity  at  about  130°  F. 

A  special  committee  was  appointed  to  consider  a  list  of  de- 
scriptive names  to  be  used  for  lubricating  oils  in  the  Federal 
specifications,  for  explanatory  purposes  only,  and  this  committee 
reported  a  majority  opinion  that  four  names  should  be  used 
together  with  descriptive  numbers:  light  oil,  to  cover  S.  A.  E. 
Nos.  15  and  20;  medium  oil  to  cover  Nos.  30  and  40;  hea\'y 
oil  to  cover  No.  50;  extra  heavy  oil  to  cover  Nos.  60,  80,  95,  and 
115.  This  majority  report  was  accepted.  A  minority  report, 
which  follows  the  present  classification  adopted  by  the  Navy 
Department,  was  also  submitted. 

The  conference  recommended  the  measurement  of  viscosities 
of  oils  up  to  .500  series  at  100°  F.,  600  series  and  higher  at  210°  F. 
It   was    further   decided    to   request    the    Interdepartmental 
Committee   to  omit  requirement  for  organic  acidity  from  all 
motor  oil  specifications;  to  make  investigations  into  the  relation 
between  acidity,  emulsion  tests,  and  service  tests,  and  into  the 
relation  between  oxidation  and  evaporation  and  service  tests. 
The  conference  also  discussed  color,  carbon  residue,  and  pour- 
test  requirements  for  lubricating  oils  and  the  fire  point  for  mineral 
seal  oil.    The  Interdepartmental  Committee  is  considering  taking 
all  these  proposals,  and  will  take  decisive  action  at  a  later  meeting. 
Agricultural  Research  Journal  to  Resume 
The  United  States  Department  of  Agriculture,  in  cooperation 
with  the  Association  of  Land  Grant  Colleges,  will  resume  the 
publication   of    The    Journal   of  Agricultural   Research,    which, 
with  a  number  of  other  publications  issued  by  executive  branches 
of  the  Government,  was  discontinued  over  a  year  ago.     The 
first  issue  is  expected  to  appear  January  6,  1923. 

This  journal  was  established  in  1913  for  the  purpose  of  segre- 
gating and  rendering  more  generally  available  to  agricultural 
specialists  the  reports  of  important  discoveries  or  other  original 
investigations  of  interest  to  agriculture. 

Washington  Chemical  Society  Officers 
The  Washington  Section  of  the  American  Chemical  Socibty 
on  November  9  elected  the  following  officers  for  1923: 
President:  W.  M.  Clark. 
Secretary:  J.  B.  Reed. 
Treasurer:  H.  W.  Houghton. 

Councilors:    W.  D.  CoLtiNS,    R.  B.  Sosman,  W.  W.  Skinner,  F.  C. 
Cook  and  R.  C.  Wblls. 

Executive  Committee:  L.  H.  Adaus,  R.  O.  E.  Davis,  V.  K.  Ciiesnut, 
C.  W.  Bacon,  A.  Seidell,  E.  T.  Wherry,  and  F.  W.  Shitbes. 

Interdepartmental  Patent  Board  at  Washington 
By  Executive  Order  an  Interdepartmental  Patent  Board  has 
been  created  consisting  of  the  following  members: 

Dr.  Andrew  Stewart,  Department  of  the  Interior,  Chairman. 
Lt.  Col.  Joseph  I.  McMullbn,  War  Department,  Secretary. 
Dr.  F.  G.  Cottrell,  Department  of  Agriculture. 
Mr.  Harry  E.  Knight,  Department  of  Justice. 
Dr.  S.  W.  Stratton,  Department  of  Commerce. 

The  researches  which  the  board  will  conduct  relate  to  the  sta- 
tus of  inventions  and  patents  of  employees  of  the  Government 
as  well  as  to  the  administration  of  patents  and  patent  rights 
owned  by  the  Government.  The  board  is  assembling  data 
preliminary  to  recommending  to  the  President,  for  his  considera- 
tion and  approval,  a  policy  to  be  followed  by  the  Government  in 
the  premises,  the  need  for  such  a  policy  having  been  made  in- 
creasingly manifest  during  the  past  several  years. 

The  board  will  also  act  as  a  center  for  the  dissemination  of 
information  among  the  several  governmental  departments  and 
other  imits  relating  to  patents  and  patent  rights  owned  by  the 
Government. 


The  President  has  armounced  that  the  resignation  of  Dr. 
George  Otis  Smith  as  director  of  the  United  States  Geological 
Survey  is  of  a  temporary  nature,  and  that  he  will  be  reappointed 
to  his  former  position  when  his  work  with  the  Federal  Coal  Fact 
Finding  Commission  has  been  completed. 


Frederick  S.  Dickson,  former  chief  of  the  dye  and  chemical 
control  section  of  the  Treasury  Department,  has  been  retained 
by  the  State  Department  in  an  advisory  capacity. 

November  18,  1922 
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PARIS  LETTER 


By  Chaklks  I.okhand.  4  Avenue  de  I'Oltservatoire.  Parin,  Pru 


International  Congress  of  Combustible  Liquids 

The  importance  of  combustible  liquids  in  the  life  of  a  country 
■was  demonstrated  by  the  necessities  of  war.  UTien  Germany 
was  cut  off  from  oil  supplies  because  of  the  blockade,  she  di- 
rected her  research  to  the  transformation  of  coal  into  combus- 
tible liquids,  and — thanks  to  the  success  of  these  investifrations — 
she  was  able  to  keep  her  airplanes,  automobiles,  and  tanks 
supplied. 

In  F'rance,  the  consumption  of  combustible  liquids  is  8,000,000 
hectoliters  a  year.  At  the  International  Congress  and  Exposi- 
tion of  Combustible  Liquids,  held  at  Paris  in  the  early  part  of 
October,  under  the  presidency  of  Mr.  Sabatier,  an  inventory 
was  made  of  ail  the  possible  resources  of  combustible  liquids  and 
their  utilization. 

As  Mr.  Berthelot  said  in  the  opening  conference,  humanity 
is  acting  in  regard  to  combustibles  like  a  son  who  is  squandering 
the  family  fortune.  We  waste  without  thought  that  which  is 
not  inexhaustible;  and,  as  Sir  William  Pope  suggested  a  year  ago, 
ought  we  not  to  hunt  for  combustibles  in  the  vegetable  products 
which  have  made  available  through  photosynthesis,  resources 
which  will  exist  as  long  as  the  sun  lights  the  world ;  and  should 
not  the  efforts  of  chemistry  be  directed  toward  searching  for  an 
imitation  of  the  mechanism  of  the  vegetable  world?  Water,  oxy- 
gen, carbon  dioxide  are  able  by  a  catalytic  process  to  produce 
carbohydrates,  and  from  them  the  oily  materials  of  which  com- 
bustion closes  the  cycle. 

The  Congress  was  divided  into  six  Sections : 
Section  of  Petroleum — Here  the  methods  of  exploitation 
by  subterranean  drainage  were  studied — such  as  are  in  practice 
at  Pechelbronn,  under  the  direction  of  Mr.  de  Chambrier.  The 
members  of  the  Congress  were  able  to  visit  this  exploitation. 
I  would  also  call  attention  to  the  process  described  by  Mr. 
Maihle,  which  consists  of  transforming  solid  hydrocarbons  or 
those  with  a  high  boiling  point  to  liquid  hydrocarbons  that  are 
very  volatile.  The  method  of  "cracking"  of  Burton,  used  in 
the  United  States,  gives  efficiencies  of  30  to  40  per  cent,  but  has 
the  inconvenience  of  operating  under  pressure. 

The  catalytic  decomposition  of  these  hydrocarbons  can  be 
effected  in  the  presence  of  catalysts,  such  as  copper  or  iron. 
The  products  obtained  vary  from  a  gas  with  calorific  value  of 
15,000  calories,  to  an  oil  boiling  at  a  maximum  of  200°  C. 

The  hydrogenation  processes  were  likewise  studied,  and  es- 
pecially the  Bergius  process,  which  hydrogenizes,  at  a  pressure 
of  200  atmospheres  and  400°  C,  the  formerly  nonutilizable 
residues,  such  as  the  hea\T  oUs,  tars,  asphalts;  even  coal  has  been 
hydrogenated  to  give  useful  hydrocarbons. 

All  the  hydrogenation  processes  should  be  carefully  perfected, 
for  they  are  very  often  applicable  only  in  very  narrow  limits  of 
temperature.  This  fact  has,  moreover,  already  been  pointed  out 
by  Sabatier — it  is  possible  at  high  temperatures  to  obtain  a 
product  that  is  incompletely  hydrogenated,  while  at  a  lower 
temperature  a  completely  hydrogenated  product  is  obtained. 
An  example  of  this  is  naphthalene,  which  at  200°  C.  gives  a 
tetrahydride,  and  at  175°  C.  gives  the  decahydride,  the  pressures 
being  identical. 

The  methods  of  using  the  petroleum  and  the  processes  of  lu- 
brication were  also  discussed. 

Section  of  Schists— The  geographic  distribution  of  schists, 
both  in  France  and  in  the  surrounding  countries,  was  discussed, 
as  well  as  the  models  of  furnaces  for  their  distillation. 

Section  of  Lignites  antj  Peats — Statistics  on  the  resources 
of  lignite  and  peat  were  furnished,  and  the  methods  of  their  util- 
ization. The  total  production  of  lignite  in  France  in  1920  was 
960,000  tons.  The  French  lignites  give  a  minimum  of  15  per 
cent  crude  oU,  of  which  25  per  cent  of  light  oil,  such  as  benzol, 
can  ba  extracted. 

Section  of  Benzols  and  Tars — The  production  of  benzol  in 
each  country  was  considered,  as  well  as  the  low  temperature 
distillation  of  coal.  The  methods  for  recovery  of  the  by-prod- 
ucts, especially  the  removal  of  benzene,  in  the  small  gas  factories 
so  numerous  in  France  were  discussed,  also  the  hydrogenation  of 
tar  products,  and  the  by-products  of  the  manufacture  of  cydo- 
hexanol  and  tetralin. 

A  Committee  on  International  Terminology  has  been  formed, 
composed  of  a  representative  of  each  country,  to  make  more 


uniform  the  use  of  terms  which  often  give  rise  to  confusion — 
for  example,  the  words  "benzene,"  "benzol,"  "Ijcnzine,"  often 
used  interchangeably. 

Section  of  Alcohol — France  is,  indeed,  an  agricultural 
country,  a  great  producer  of  alcohol,  and  she  should  find  in  this 
alcohol  a  valuable  fuel.  I  mentioned  once  before  the  "Concours 
du  Carburant  National,"  and  the  results  which  it  has  accom- 
plished. 

Aside  from  the  alcohol  produced  from  beets  and  artichokes, 
the  manufacture  of  alcohol  from  the  cellulose  of  wood  was  recom- 
mended. The  attempts  of  the  Forest  Products  Laboratory  of 
Madison,  Wis.,  were  mentioned.  The  Prodor  process  was  de- 
scribed in  detail.  In  this  process  the  cellulose  is  treated  with 
hydrochloric  acid  concentrated  in  tlie  cold;  thus,  there  is  no 
destruction  of  glucose  during  the  operation,  as  when  hot  acid 
is  used.  The  efficiency  obtained  is  about  250  liters  of  10<J  per 
cent  alcohol  per  ton  of  dry  sawdust.  There  is  in  addition  a 
residue  consisting  of  pentoses,  the  dry  distillation  of  which 
gives  methanol.  The  equipment  for  this  manufacture  should 
be  especially  studied,  and  a  new  concrete  that  is  not  attacked 
by  hydrochloric  acid  must  be  found  out  of  which  to  make  this 
equipment. 

As  the  results  of  the  Concours  du  Carburant  National  have 
shown,  there  is  considerable  interest  in  obtaining  an  absolute 
alcohol.  Two  solutions  of  this  problem  have  been  recommended: 
One  consists  in  passing  alcohol  vapors  into  the  rectifier  over  a 
column  filled  with  lime;  the  consumption  per  hectoliter  of  alco- 
hol is  from  30  to  35  kg.  of  lime;  this  industry  should  have  a 
place  in  factories  where  sugar  is  made  and  where  lime  is  employed. 
Another  process  of  dehydration  consists  in  passing  alcohol  va- 
pors over  glycerol,  either  pure  or  added  to  potassium  carbonate, 
calcium  chloride,  or  potassium  acetate.  Under  these  conditions 
the  dehydration  is  complete  and  gives  a  100  per  cent  alcohol 
which  can  be  used  in  a  mixture  with  oil  in  proportion  up  to  one- 
tenth.  The  Parisian  busses  now  consume  20,000  hectoliters  per 
month  of  the  alcohol-benzene  mixture. 

One  of  the  most  curious  communications  made  in  this  Section 
was  that  of  Mr.  Damiens  and  Mr.  Loisy,  who  have  been  study- 
ing the  gases  from  coke  furnaces;  these  gases  contain  ethylene. 
They  have  taken  the  old  reaction  of  Berthelot  and  tried  to  trans- 
form this  ethylene  into  alcohol,  accomplishing  this  by  the  use  of 
catalysts.  The  one  which  gives  the  best  efficiency  is  the  oxide 
of  copper  which  in  the  presence  of  sulfuric  acid  gives  the  sub- 
sulfate. 

They  have  studied  the  factor  of  concentration  of  sulfuric  acid 
and  shown  that  a  water  content  of  2  per  cent  decreases  most  the 
absorption  speed  of  ethylene  by  the  sulfuric  acid.  They  have 
also  shown  that  the  optimum  temperatiu-e  for  this  absorption  is 
60°  C.  But  the  most  interesting  thing  about  this  absorption 
mechanism  is  that  when  working  in  the  cold,  they  obtain  an 
ethyl  sulfuric  acid,  which  on  hydrolysis  gives  alcohol.  On  the 
other  hand,  with  high  temperature,  they  obtain  no  longer  an 
oxygenated  product,  but  a  polymerization  of  the  ethylene,  and 
the  final  product  obtained  consists  of  an  oil  of  a  density  of  0.77 
and  a  boiling  point  of  110°  C. 

This  process,  which  permits  obtaining  either  alcohol  or  oil, 
is  not  only  a  laboratory  process.  It  has  been  the  object  of  in- 
dustrial attempts  on  a  large  scale,  which  have  shown  good 
operation. 

Section  of  \'egetable  Oils— Mr.  Maihle  developed  his 
method  of  hydrogenation  of  vegetable  and  animal  oils,  which 
makes  possible  the  transformation  of  these  oils  in  petroleums. 


This  very  interesting  Congress  was  completed  by  the  Expo- 
sition where  all  the  engines  using  combustible  liquids  were  shciwn 
in  operation,  and  especially  the  engines  of  the  Powders  Service, 
using  all  the  recommended  mixtures  successively,  as  well  as  the 
motors  of  mazout  of  the  Inventions  Service,  where  the  mazout 
is  first  distilled  and  the  gases  of  distillation  are  burned.  We  were 
able  to  compare  this  process  with  that  using  the  pulveriza- 
tion of  mazout  and  its  entraiament  through  a  current  of  au-. 

The  visits  to  the  factories  in  the  vicinity  of  Paris,  in  Alsace- 
Lorraine,  and  in  the  Sarre  region,  ended  the  meeting  of  the 
Congress. 

October  31.  1922 
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LONDON   LETTER 


By  Hugh  Griffiths,  15  New  Bridge  St.,  London,  E.  C.  4,  England 


Low  Temper-ature  Research 

An  encouraging  new  feature  in  meetings  of  scientific  societies  is 
the  joint  discussion  held  by  several  societies.  It  is  realized  that 
this  kind  of  cooperation  covers  overlapping  fringes  of  activity, 
and  new  points  of  view  are  presented  which  are  stimulating  to 
the  .specialist  members  who  are  liable  to  get  narrow  views. 

An  interesting  joint  meeting  of  the  Faraday  Society  and  the 
British  Cold  Storage  and  Ice  Association  has  just  been  held. 
The  physical  papers  included  contributions  from  Dr.  Onnes  of 
Leyden,  who  has  succeeded  in  reaching  within  less  than  one 
degree  of  absolute  zero.  Dr.  Crommelin  gave  a  detailed  de- 
scription of  the  apparatus  employed  for  research  work  at  Ley- 
den, which  is  well  worth  the  attention  of  all  makers  in  research  on 
liquefied  gases  and  gases  at  low  temperatures. 

The  technical  papers  included  a  full  discussion  of  modem 
methods  of  manufacturing  oxygen  by  K.  S.  Murray  of  the 
British  Oxygen  Co.  Ltd.,  a  paper  on  hydrogen  manufacture  by 
G.  Claude,'  and  a  paper  on  heat  insulation  materials  by  Dr. 
Ezer  Griffiths. 

The  information  given  by  Mr.  Murray  was  largely  new  and 
very  complete,  and  the  somewhat  surprising  information  was 
given,  that  actual  experience  with  various  systems  had  shown 
that  the  product  of  1000  cu.  ft.  of  oxygen  of  98.5  per  cent 
purity  required  not  less  than  30  to  .3.3  b.  h.  p.  hours.  It  was 
also  mentioned  that  while  oxygen  had  been  employed  in  the 
chemical  industry  in  Germany  in  the  production  of  nitric  and 
acetic  acids,  the  use  of  oxygen  for  chemical  purposes  was  really 
in  its  infancy,  and  the  opinion  was  expressed  that  future  develop- 
ment of  oxg>'en  as  a  raw  material  for  chemical  manufacturers 
was  certain. 

Dr.  Claude's  paper,  as  would  be  expected,  had  special 
reference  to  synthetic  ammonia,  and  the  system  of  hydrogen  pro- 
duction discussed  is  that  at  present  used  at  Grande  Paroisse. 
The  process  consists  of  liquefying  the  carbon  monoxide  from  wa- 
ter gas,  etc.,  under  a  pressure  of  200  to  450  lbs.  per  sq.  in. 

It  was  rather  disappointing  to  find  that  the  purely  chemical 
applications  of  refrigeration  were  not  discussed,  particularly  as 
in  England  many  processes  involving  the  use  of  refrigeration  have 
recently  been  devised.  The  problem  of  "niter  cake"  is  always 
with  us,  and  there  are  some  who  believe  that  the  only  solution 
will  be  found  in  freezing  out  Glauber's  salt  from  a  solution  of 
this  product.  The  application  of  refrigeration  in  the  manufac- 
ture of  perfume  ingredients  from  essential  oils  is  fairly  extensive, 
but  the  methods  usually  employed  are  primitive,  and  the  plants 
somewhat  crude. 

Hvdronaphthalenes 

Since  the  war,  attention  has  been  directed  toward  Rodleben, 
where  there  is  a  plant  capable  of  producing  about  100  tons  per 
day  of  hydrogenated  naphthalenes.  During  the  war  this  in- 
stallation produced  a  substitute  for  turpentine,  and  the  naph- 
thalene derivatives  were  employed  as  solvents  for  synthetic 
resins  of  the  bakelite  type. 

The  tetrahydro-  and  dccahydronaphthalenes  are  not  difficult 
to  manufacture,  and  they  have  been  proposed  as  substitutes  for 
turpentine.  A  recent  investigation  carried  out  by  Coleman  and 
Bilhani  for  the  Department  of  Scientific  and  Industrial  Research 
gives  some  definite  information  regarding  these  products.  The 
report  of  these  investigations  deals  chiefly  with  "Dekalin,"  which 
is  a  mixture  containing  about  80  per  cent  decahydronaphthalene 
and  20  per  cent  tetrahydronaphthalene.  In  physical  properties 
this  mixture  is  similar  to  turpentine,  but  is  less  volatile  and  less 
viscous,  and  has  a  .somewhat  higher  flush  point.  Dekalin  and 
various  similar  materials  have  come  into  use  in  Germany  in  the 
paint  and  varnish  industry,  and  it  appears  from  the  report  of 
Coleman  and  Bilham  that  the  new  materials  are  actually 
better  than  turpentine.  They  possess  in  common  with  turpen- 
tine the  profH.rty  of  acting  as  oxygen  carriers,  therefore  inducing 
autoxidation  of  the  drying  constituents  of  a  paint  or  varnish. 

Colloid  Chemistry 

The  study  of  technical  problems  by  the  methods  of  colloid 
chemistry  is  becoming  very  fashionable,  and  this  method  has 
recently  been  sanctioned  in   ICngland  by  government  support. 

■  Sec  page  1118  of  this  issue 


Volumes  dealing  with  the  application  of  colloid  chemistry  to 
industrial  matters  are  now  issued  yearly  through  H.  M.  Sta- 
tionery Ofl5ce  by  the  Department  of  Scientific  and  Industrial 
Research. 

This  year  the  fourth  report  has  appeared,  and  is  much  more 
comprehensive  and  bulky  than  the  previous  issues.  An  extra 
volume  has  also  been  published  from  the  same  source,  con- 
taining a  record  of  the  discussion  held  jointly  by  the  Faraday 
Society  and  the  Physical  Society.  These  volumes  contain  some 
excellent  information  on  the  application  of  colloid  theories  to  a 
long  range  of  industrial  problems. 

The  flotation  process  comes  in  for  very  full  treatment,  and  soap 
boiling,  steel,  rubber,  glass,  lubricants,  and  colloid  fuels  are  all 
considered.  The  papers  on  the  theory  of  the  flotadon  process 
by  Edwin  Edser  are  of  exceptional  merit.  There  is  also  included 
in  the  first  report  a  paper  on  catalytic  hydrogenation  by  E.  F. 
Armstrong  and  T.  P.  Hilditch. 

One  usually  feels  in  reading  the  literature  of  colloid  chemistry 
that  the  explanations  frequently  given  are  merely  translations  of 
ideas  into  words,  and  that  the  state  of  knowledge  is  very  indefi- 
nite. The  volumes  mentioned  are  singularly  free  from  this  de- 
fect, and  most  of  the  papers  show  serious  endeavor  to  treat  col- 
loidal  problems   in   a   strictly   physical  and  scientific  manner. 

October  23,  1922 


Canadian  Chemical  Production  Well  Maintained 

The  gross  value  of  chemicals  and  allied  products  manufactured 
in  Canada  in  1920  was  approxitnatcly  $122,000,000,  according 
to  a  report  published  from  the  Dominion  Bureau  of  Statistics 
at  Ottawa. 

The  report  states  that  the  actual  capital  invested  in  the  456 
plants  operating  in  this  group  of  industries  in  1920  was  $120,- 
000,000.  Pigments,  paints,  and  varnishes  made  in  48  plants 
were  valued  at  $27,000,000.  The  report  covers  ten  principal 
industries  producing,  respectively,  coal  tar  and  its  products; 
acids,  alkalies,  salts,  and  compressed  gases;  explosives,  am- 
munition, fireworks,  and  matches;  fertilizers;  medicinal  and 
pharmaceutical  preparations;  paints,  pigments,  and  varnishes; 
soap,  perfumery,  cosmetics,  and  toilet  preparations;  inks,  dyes, 
and  colors;  wood  distillates  and  extracts;  miscellaneous  chemicals. 

The  imports  of  chemicals  and  allied  products  into  Canada 
have  gradually  increased  from  S;3,469,000  in  1895  to  $24,000,000 
in  the  twelve  months  ending  March  1922.  The  exports  of 
Canadian  products  of  the  same  class  have  risen  from  $760,000  in 
1892  to  $9,000,000  in  the  twelve  months  ending  March  of  the 
present  year.  During  the  war  the  great  production  of  ex- 
plosives in  Canada  and  the  shipment  of  this  comiiiodity  to  the 
war  zone  raised  the  Canadian  exports  of  chemical  products 
to  a  grand  total  of  $57,000,000  in  the  twelve  months  ending 
March  1919.  The  present  export  figures  show  that  much  of  the 
advantage  gained  in  the  wartime  develoijmcnt  has  been  retained, 
and  the  fact  that  the  summary-  statistics  for  the  calendar  year 
1921  showed  that  444  plants  were  in  operation  as  compared 
with  456  in  the  preceding  year  is  further  evidence  that  the 
chemical  industries  of  Canada  are  more  than  holding  their  own. 


Interesting  data  on  the  comparative  values  and  compositions 
of  beet  and  cane  molasses  have  been  reported  in  the  Journal 
of  the  Society  of  Chemical  Industry.  The  following  table  shows 
the  results; 


Cuban  rane 
English  refinery  cane 
German  beet 
American  beet 
English  refinery  beet 


Water 
21.12 
24.20 
23.84 
21.00 
20.00 


Ash 
6.65 
6.07 
9.60 
12.17 
10.00 


Album!-      Carbo- 
noids       hydrates 
4.68  67.55 

1.60  68.23 

9.57  56.99 

66.83 
70.00 


Beet  had  a  high  ash  and  nitrogen  content  and  nearly  half  of 
its  sugar  was  invert.  Cane  molasses  was  found  preferable  for 
feeding  purposes. 
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New  Patent  Laws 

The  Patent  Bureau  has  recently  been  enlarged  and  the  patent 
laws  have  been  revised.  The  following  important  improvements 
were  made: 

1 — A  patent  should  be. granted  to  its  inventor,  but  the  true  inventor  is 
often  difficult  to  find.  A  patent  is  granted  to  the  first  applicant,  and  there- 
fore when  an  invention  is  complete  patent  application  should  be  made 
promptly.     (Art.  8) 

2 — An  application  shall  be  made  public  before  the  patent  is  granted,  to 
give  opportunity  for  objections  or  protests.     (Art.  73  and  74) 

3 — In  order  to  avoid  misunderstanding  between  examiner  and  applicant, 
reasons  for  rejections  of  applications  shall  be  shown  to  the  applicant  so  that 
he  may  have  opportunity  to  answer  the  objections. 

4 — Formerly  the  final  decision  was  made  by  the  Patent  Bureau,  but  by 
the  new  law  the  applicant  can  ask  for  a  second  judgment  and  can  also  ap- 
peal to  the  Supreme  Court  for  a  final  decision.     (Art.  115) 

5 — Inventions  promote  the  welfare  of  the  public,  and  the  rights  should 
be  given  the  inventor,  even  though  the  invention  is  made  while  he  is  in  the 
service  of  an  employer.  If  the  employer  wishes  patent  rights  on  the  in- 
vention, he  must  pay  the  inventor. 

6 — Under  the  old  law  an  examination  for  validity  of  a  patent  could  be 
requested  at  any  time  during  the  continuation  of  the  right.  Now.  validity 
cannot  be  questioned  after  five  years  from  the  date  of  the  grant.      (Art.  85) 

7 — In  order  to  protect  industry,  a  working  clause  has  been  inserted  in 
<he  patent  law.     (Art.  41) 

Pulp  Industry 

The  pulp  industry  in  this  country  made  rapid  progress  during 
the  war,  but  in  1921  there  was  a  decrease  in  the  number  of  fac- 
tories and  companies,  owing  to  bad  economic  conditions.  The 
production  of  pulp  in  this  year,  however,  was  250,027  tons, 
compared  with  that  of  previous  years,  which  was  as  follows: 

Year  Tons 

1917 169,039 

1918 198,596 

1919. 235,227 

1920 268.261 

It  is  expected  that  the  production  in  this  year  will  show  an 
increase  of  about  30  per  cent,  or  a  total  of  about  326,285  tons. 
After  1923  probably  one-half  of  the  total  wood  for  pulp  will  be 
obtained  from  Kabafuto. 

The  imports  and  exports  of  pulp  and  the  total  amount  pro- 
duced during  the  past  few  years  are  as  follows : 

Total 

Imports  Exports  Amount 

Year  Tons  Tons  Produced 

1917  14,334       3,722 

1918  28,769       3,908  223,457 

1919  40,581       1.106  -^*lil 

1920  46808       8,180  306,889 

1921  38,765       1,133  287,659 

Imports  of  pulp  are  mainly  from  Canada  and  Sweden,  the 
former  aiming  to  sell  in  the  Orient  only.  Owing  to  the  high  pnce 
of  woods  and  wages,  the  cost  of  the  domestic  product  is  slightly 
higher  than  that  of  the  Canadian  product.  A  new  company 
with  a  capital  of  3,000,000  yen  has  recently  been  established  with 
a  view  to  shutting  out  the  imported  product. 

The  import  tax  of  pulp  in  this  countrj-  is  now  0.2  sen  per  pound. 
As  the  pulp  industry  has  developed,  the  Treasur>-  Department 
is  trying  to  exclude  the  import  tax,  but  the  directors  of  the  paper 
companies  are  now  opposing  it. 

September  12,  1922 


Vitamin  A 


At  the  September  regular  meeting  of  the  Chernical  Society  of 
Japan  Dr.  K.  Takahashi,  of  the  Agricultural  Department  ot 
the  Tokyo  Imperial  University,  presented  an  interesting  report 
on  the  nature  of  vitamin  A.  About  ten  years  ago.  Dr.  M.  Suzuki, 
of  the  same  depari:ment,  reported  oryzanine  as  vitainm  B,  and 
since  that  time  researches  on  the  nature  of  the  other  three  vita- 
mins have  been  conducted.  Dr.  Takahashi  has  succeeded  m 
determining  the  nature  of  vitamin  A. 


Rats  and  pigeons  were  bred  with  meals  prepared  from  75 
per  cent  protein,  25  per  cent  butter,  and  a  small  quantity  of 
purified  oryzanine,  and  from  75  per  cent  butter,  25  per  cent 
protein,  and  a  small  quantity  of  the  same  vitamin.  They  grew 
rapidly  and  were  well  nourished.  ?'rom  these  results  it  is  evi- 
dent that  animals  can  grow  without  carbohydrates.  They  were 
then  fed  with  meals  that  contained  no  fat  but  ccjntaincd  vitamin 
A,  and  they  all  showed  normal  growth.  It  must,  therefore,  be 
concluded  that  carbohydrates  and  fats  in  animals'  meals  can 
be  replaced  to  some  extent  by  proteins. 

Codliver  oil  has  been  shown  to  be  rich  in  nutritive  value, 
which  is  mainly  due  to  the  presence  of  vitamins.  Dr.  Suzuki 
claims  that  he  has  succeeded  in  isolating  1  g.  of  almost  pure 
vitamin  A  from  1000  g.  of  cod-liver  oil,  0.(X)01  g.  of  which  has 
proved  to  be  effective  for  recovering  the  health  of  an  animal 
dying  from  insufticicnt  nutrition. 

Vitamin  A,  isolated  by  Dr.  Suzuki,  is  a  light  brown  liquid  and 
soluble  in  almost  all  organic  solvents,  giving  a  yellow  to  yellowish 
red  solution.  By  adding  concentrated  sulfuric  acid  to  its  chlo- 
roform solution,  a  deep  green  color  develops,  a  reaction  occurring 
in  tests  for  cod-liver  oil.  The  same  solution  gives  a  green  color 
with  Japanese  acid  clay.  It  has  a  reducing  action,  reducing  silver 
nitrate.  Vitamin  A  is  very  easily  destroyed  by  air  and  light,  its 
oxidized  product  having  a  peculiar  odor.  It  is,  however,  stable 
in  alcohol,  ether,  and  fatty  acids.  It  is  a  substance  like  choles- 
terol, probably  an  aldehydic  compound  since  it  contains  no  ni- 
trogen. It  may  be  practically  used  in  olive  oil  solution,  which 
will  have  more  than  a  hundred  times  the  nutritive  value  of 
butter.  The  detailed  report  will  appear  in  the  Journal  of  the 
Chemical  Society  of  Japan. 

The  Metric  System 

Japan  has  always  had  a  measuring  system  of  her  own.  It  was, 
however,  systematically  revised  in  the  early  part  of  the  Meiji 
Era,  so  that  it  resembled  the  metric  system,  as  the  old  s>-stem 
was  very  irregular.  Now,  however,  the  metric  system  is  gener- 
ally adopted  in  the  scientific  world,  and  the  English  system  in 
industrial  circles.  The  adoption  of  the  metric  system  has  at 
last  been  approved  by  the  44th  Diet,  and  the  Agricultural  and 
Commercial  Departments  are  now  awaiting  the  enactment  of 
the  Imperial  Ordinance  for  its  adoption.  It  will  probably  be 
in  force  from  January  or  April  1923.  It  is  expected  that  the 
system  will  be  described  in  the  textbooks  of  schools  after  three 
years:  government  offices  and  large  companies  ought  to  adopt  the 
system  after  five  years,  and  complete  adoption  in  general  daily 
life  should  occur  after  twenty  years. 

October  11,  1922 


Chandler  Foundation  Lecturer 

Friends  of  Professor  Chandler  presented  in  1910  to  the  trustees 
of  Columbia  University  a  sum  of  money  which  constitutes  the 
Charies  Frederick  Chandler  Foundation.  The  income  from  this 
fund  is  used  to  provide  a  lecture  by  an  emment  chemist  and  to 
provide  a  medal  to  be  presented  to  the  lecturer  in  further  recog- 
nition of  his  achievements  in  science.  Pres-ious  lecturers  on  this 
foundation  were  L.  H.  Baekeland,  Sc.D.,  W.  F  Hillebrand, 
Ph.D.,  W.  R.  Whitney,  Ph.D.,  F.  Gowland  Hopkms,  Ph.D., 
and  Edgar  F.  Smith,  Ph.D.  ^    ^      ■  c 

The  lecturer  this  winter  will  be  Robert  E.  Swain,  professor 
and  head  of  the  Department  of  Chemistry,  Stanford  Umversity, 
Stanford,  Calif.  ■     ^  „     ■       u     t 

Dr  Swain's  subject  wiU  be  "Atmospheric  PoUution  by  In- 
dustrial Wastes."  The  lecture  will  be  in  Havemeyer  Hall, 
Columbia  Umversity,  on  January  9,  1923,  at  8 :  lo  p.m. 


List  of  Periodicals 
A  revised  list  of  the  periodicals  abstracted  by  Chemical  Abstr<uts 
was   printed  in   the  October  20  number  of  that  journal.     Re- 
Drints  of  this  list  may  be  obtained  from  the  editor,  E.  J.  Crane, 
Ohio  State  University.  Columbus,  Ohio,  at  25  cents  per  copy. 
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Personals 


Industrials 


The  committee  in  charge  of  the  annual  award  of  the  Perkin 
Medal  has'selected  Dr.  M.  C.  Whitaker  as  tlie  recipient  for  1923. 
The  presentation  will  be  made  January  12,  1923,  at  a  meeting  of 
the  American  Section  of  the  Society  of  Chemical  Industry. 

Mr.  Lloyd  A.  Hall,  formerly  chief  chemist  of  John  Morrell  & 
Co.,  Ottumwa,  la.,  has  for  the  past  year  been  general  manager 
of  The  Chicago  Chemical  Products  Co.,  manufacturers  of  coal-tar 
dips  and  disinfectants. 

Dr.  Richard  C.  Lord,  at  one  time  instructor  at  Washington  and 
Lee  University  and  later  engaged  in  industrial  chemistry,  has 
been  elected  assistant  professor  of  chemistry  and  physics  at 
Kenyon  College,  Gambier,  Ohio. 

Dr.  James  C.  Andrews  has  severed  his  connection  with  E.  I. 
du  Pont  de  Nemours  &  Co.,  and  is  teaching  physiological  chem- 
istr>'  in  the  Medical  School  of  the  University  of  Pennsylvania. 

Dr.  George  Barsky,  formerly  a  research  assistant  of  Prof.  R.  H. 
McKee,  Department  of  Chemical  Engineering,  Columbia  Uni- 
versity, has  been  appointed  to  a  position  in  the  research  depart- 
ment of  the  Abitibi  Paper  Co.,  Abitibi,  Ont. 

Mr.  Leonidas  R.  Littleton  has  resigned  his  position  as  chemist 
with  the  National  .\niline  &  Chemical  Company  and  has  accepted 
the  professorship  of  chemistry  at  Emory  and  Henry  College, 
Emor>',  Va. 

Dr.  Simon  Klosky  has  accepted  appointment  as  instructor  at 
the  Martin  Maloney  Chemical  Laboratory  of  the  Catholic 
University  of  America,  Washington,  D.  C.  Dr.  Klosky  was 
formerly  with  the  Chemical  Warfare  Service  at  Edgewood 
Arsenal. 

Dr.  G.  Davis  Buchner,  research  chemist  at  the  Agricultural 
Experiment  Station  of  the  University  of  Kentucky,  has  secured 
a  year's  leave  of  absence,  which  he  wiU  spend  in  Europe  visiting 
the  more  important  educational  and  scientific  centers  of  Italy, 
Germany,  Switzerland,  France,  and  England. 

Mr.  Thomas  H.  Wickenden  and  Mr.  Charles  McKnight,  Jr., 
have  recently  joined  the  development  and  research  department 
of  the  International  Nickel  Co.,  New  York,  N.  Y.,  to  undertake 
work  in  connection  with  alloy  steels. 

Mr.  J.  B.  Foote,  president  and  treasurer  of  Foote  Bros.  Gear 
&  Machine  Company  of  Chicago,  died  on  October  12,  1922. 
Mr.  Foote  was  widely  known  for  his  skill  as  a  gear  maker  and 
inventor  for  transmission  and  other  machinery.  He  was  the 
pioneer  in  making  cut  steel,  case-hardened,  tough-cored  gears 
for  heavy  duty  work.  He  was  one  of  the  first  to  invent  and  build 
enclosed  types  of  transmission  for  reducing  electric  motor  speeds. 
He  shared  with  Henry  Ford  the  honors  of  pioneering  the  present 
light  weight  type  of  farm  tractor,  and  in  this  connection  he  was 
the  inventor  of  the  enclosed  transmission  and  live  axle  drive. 
He  was  also  the  inventor  of  numerous  automatic  machines  for 
making  cans  and  was  regarded  as  a  foremost  authority  on  special 
machinery.  He  is  survived  by  his  widow,  and  his  brother, 
Bradford  Foote,  who  will  continue  the  business  of  Foote  Brothers 
Gear  &  Machine  Co.,  213  N.  Curtis  St.,  Chicago,  111. 

Mr.  Charles  T.  Bragg,  formerly  with  the  Michigan  Smelt- 
ing and  Refining  Company,  is  now  president  and  general  man- 
ager of  the  Michigan  Valve  &  Foundry  Company. 

Dr.  Thomas  R.  Duggan,  of  the  Permutit  Co.,  New  York, 
for  many  years  trustee  and  chairman  of  the  House  Committee 
of  the  Chemists'  Club,  New  York,  was  tendered  a  dinner  on 
November  3  by  about  seventy-five  members  of  the  Club.  The 
occasion  was  the  departure  of  Dr.  Duggan  for  an  extended  visit 
to  England.     He  sailed  November  4  on  the  Aquitania. 

The  following  instructors  and  assistant  instructors  have  been 
added  to  the  chemistry  faculty  of  the  University  of  Kansas: 
Robert  Taft,  formerly  professor  of  chemistry,  Ottawa  Univer- 
sity; E.  L.  Joss,  formerly  a  member  of  the  faculty  of  Oklahoma 
State  University;  F.  G.  Moore,  formerly  of  Te.\as  Agricultural 
College;  J.  M.  Wain.scott  of  Southwestern  Universily,  Kansas; 
William  Seaman,  of  Drown  University ;  Miss  Helene  Thomas.Miss 
Selma  Gottlieb,  W.  McPherson,  A.  J.  Miller,  and  M.  L.  Ross. 

Mr.  Curtis  C.  Meigs,  formerly  president  of  the  consulting 
chemical  engineering  firm  of  Meigs,  Bassett,  &  Slaughter,  Inc., 
with  offices  at  1304  Finance  Building.,  Philadelphia,  Pa.,  has 
sold  his  interest  to  Bassett  &  Slaughter,  who  will  conduct 
the  business  under  the  name  of  Bassett  &  Slaughter,  Inc.  Mr. 
Meigs  has  taken  offices  at  709-710,  Stephen  Girard  Building 
and  is  associated  with  Mr.  Hugo  Schlatter,  formerly  with  the 
Hercules  Powder  Co.,  and  Mr.  W.  B.  Goentnerand,  who  was 
assistant  chief  mechanical  engineer  for  the  old  firm.  These 
men  will  do  consulting  work  of  a  chemical  engineering  nature. 


The  import  prohibition  on  coal-tar  products  into  Italy  has 
been  removed;  fuel  oil  has  been  made  duty-free;  and  important 
changes  are  effected  in  the  import  duties  on  coal-tar  dyes  and 
intermediates,  according  to  the  commercial  attache  at  Rome. 
The  changes  went  into  effect  on  October  29.  The  prohibition 
on  the  importation  of  synthetic  dyes  and  other  coal-tar  deriva- 
tives into  Italy  went  into  effect  June  3,  1921.  Under  the  present 
regulations  these  products  may  be  imported,  but  at  the  increased 
duty  of  300  gold  lire  per  100  kilos  instead  of  the  former  duty  of 
120  lire.  By  the  same  decree  the  import  duties  on  nitrobenzol 
and  aniline  salts  have  been  raised  one-third. 

During  October  1922  twenty-three  companies  were  formed 
to  engage  in  the  manufacture  and  distribution  of  chemicals, 
drugs,  and  dyes,  with  a  total  indicated  investment  of  $5,9,'i0,000, 
as  compared  with  $5,300,000  in  September  and  $5,850,000  in 
August.  This  is  slightly  below  the  total  capitalization  in  October 
1921,  which  amounted  to  $6,675,000. 

A  joint  committee  representing  the  National  Association  of 
Wool  Manufacturers,  the  American  Association  of  Worsted  and 
Woolen  Manufacturers,  and  the  National  Association  of  Woolen 
and  Worsted  Spinners  has  been  named  to  aid  the  Bureau  of 
Standards  in  scientific  research  work  affecting  the  woolen  in- 
dustry. The  committee  will  meet  in  Washington  in  the  near 
future  for  the  purpcse  of  aiding  in  the  drawing  up  of  a  program 
which  wUl  more  fully  utilize  the  facilities  of  the  bureau  in 
considering  general  and  specific  problems  of  research  and  stand- 
ardization in  the  textile  trades. 

The  Bureau  of  Labor  Statistics  has  reported  a  rise  of  two 
points  in  September  in  the  government  index  number  of  wholesale 
prices  in  chemicals  and  drugs.  The  September  number  is  124, 
as  compared  with  122  in  August.  The  chemicals  and  drugs 
number  is  4.7  per  cent  below  that  for  September  1921,  while  the 
number  for  all  commodities  is  8.5  per  cent  higher. 

American  industry  is  spending  about  $70,000,000  annually 
on  scientific  research,  according  to  the  Fabricated  Production 
Department  of  the  Chamber  of  Commerce  of  the  United  States. 
About  one-half  of  this  sum  is  spent  by  American  manufacturers 
in  the  conduct  of  laboratory  research,  while  the  remainder  is 
expended  in  experimental  and  development  work  in  plants.  As 
a  result  of  scientific  research  work,  approximately  $500,000,000 
are  being  saved  annually  by  industry  in  this  country. 

As  an  incentive  to  members  and  students  of  the  Canadian 
Institute  of  Chemistry  resident  in  Canada,  prizes  amounting 
to  $75  have  been  created  by  three  Institute  members  for  the 
best  two  articles  accepted  for  publication  by  any  Canadian 
magazine,  which  are  national  in  scope  and  of  a  business  or  literary 
nature.  The  competition  will  close  May  1,  1923.  Prize  wiimers 
will  be  chosen  by  a  committee  appointed  by  the  council  of  the 
Institute. 

After  extensive  investigations  of  new  laboratories  now  being 
erected.  Dr.  Charles  E.  Coates  has  submitted  to  the  building 
committee  a  plan  for  the  new  chemical  laboratory  to  be  built 
at  the  Louisiana  Agricultural  College.  Approximately  $450,000 
are  available  for  the  erection  of  this  laboratory,  and  the  buildings 
are  to  be  planned  to  permit  additions  when  necessary. 

At  a  recent  meeting  of  the  directors  of  E.  I.  du  Pont  de  Nemours 
&  Co  Inc  ,  it  was  voted  to  increase  the  authorized  capital 
stock  'from  580,000,000  to  $100,000,000,  by  adding  200,000 
shares  of  SlOO  par  value.  The  present  outstanding  capital  is 
$63,378,300,  and  the  directors  will  declare  a  50  per  cent  stock 
dividend,  with  the  approval  of  the  stockholders  who  have  been 
called  to  meet  on  December  4  in  Wilmington. 

The  Sales  Promotion  Section  of  the  Office  of  Director  of  Sales, 
War  Department,  Washington,  D.  C,  has  recently  issued  a 
booklet,  "War  vSurplus,"  which  describes  tlic  methods  resorted 
to  by  the  War  Departnient  in  the  dispo.sal  of  its  stocks  of  surplus 
property,  and  tells  what  these  stocks  contain,  where  the  property 
is  located,  and  how  to  buy  it.  Quartermasters'  supplies  form 
the  major  part  of  the  remaining  surplus  to  be  sold,  but  the 
Ordnance  Department,  Air  Service,  Signal  Corps,  Medical  De- 
partment, Chemical  Warfare  Service,  and  Corps  of  Engineers 
have  considerable  stocks  to  be  disposed  of. 

The  Chemical  Equipment  Company  is  opening  a  new  office  at 
109  Broad  St.,  New  York  City,  with  Mr.  G.  M.  Hickey,  formerly 
of  the  Celite  Products  Co.,  in  charge. 

It  has  been  announced  that  the  StaufTer  Chemical  Company  is 
to  move  its  plant  from  San  Francisco  to  Chester,  Pa.  Ten 
acres  of  land  adjacent  to  the  Sinclair  Oil  Company  development 
have  been  acquired  and  several  million  dollars  are  to  be  expended. 
The  buildings  alone  will  cost  $500,000. 
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Chemical  Technology  and  Analysis  of  Oils,  Fats,  and  Waxes. 
By  J.  Lewkowitsch,  M.A.,  F.I.C.  Edited  by  George  H. 
Warburton.  6th  edition.  Vol.  I,  1921,  CS2  pp.;  Vol.  II, 
1922,  954  pp.     Macmillan  &  Co.,  London. 

The  5th  edition  of  this  work  was  published  in  1913.  A  great 
many  interesting  developments  have  taken  place  in  the  fat  and 
oil  industry  since  that  time,  which  the  new  edition  seems  to 
have  covered  in  a  very  effective  manner.  The  author  very  per- 
tinently states  in  his  preface  tliat  the  greatest  progress  has  been 
along  the  lines  of  tlie  technological  side  in  tlie  development  and 
investigation  of  new  sources  of  oils  and  fats,  with  the  hope  of 
furnishing  new  supplies  of  food  oils.  The  editor  has  been  able 
to  introduce  most  of  the  new  material  without  materially  in- 
creasing the  size  of  either  of  the  two  volumes,  and  one  cannot 
go  through  them  without  realizing  that  it  is  a  very  remarkable 
piece  of  work  and  is  undoubtedly  the  standard  book  on  the  sub- 
ject in  the  English  language. 

The  first  volume  covers  quite  completely  the  classification  of  oils 
and  fats,  and  their  methods  of  analysis  and  study.  The  methods 
of  analysis  are  distinctly  English  or  European  methods.  The 
author  has  largely  overlooked  the  methods  of  analysis  used  in 
this  country  which  have  been  developed  by  the  Fat  and  Oil 
Committees  of  the  American  Chemical  Society  and  the  American 
Oil  Chemists'  Society.  In  fact,  it  is  the  distinct  weakness  in 
this  book  from  the  standpoint  of  the  American  student. 

In  Chapter  1  the  influence  of  light,  moisture,  and  other  mate- 
rials on  the  keeping  qualities  of  fat  is  very  important  and  most 
complete,  and  contains  the  more  recent  developments  on  this 
subject,  making  it  an  extremely  valuable  compilation. 

On  page  299  there  is  a  statement  that  the  unsaponifiable 
matters  of  cottonseed  oil  contain  considerable  amounts  of  sulfur. 
This  statement,  from  the  experience  of  analysis  in  this  country 
handling  American  oils,  is  certainly  incorrect,  since  a  great  many 
tests  made  on  cottonseed  oils  in  this  country  have  shown  that 
they  are  free  from  sulfur 

Another  point  where  there  seems  to  be  a  certain  amount  of 
confusion  is  with  regard  to  the  titer  test  as  used  in  the  United 
States.  The  author  seems  to  think  that  the  Dahcan  method  is 
accepted  in  the  United  States.  This,  as  a  matter  of  fact,  is  not 
correct.  The  method  for  titer  determination  is  that  adopted 
by  the  American  Association  of  Official  Agricultural  Chemists 
and  the  Fat  and  Oil  Committee  of  the  American  Chemical 
Society. 

The  second  volume  contains  only  two  chapters — one  on  the 
commercial  preparation  of  the  raw  materials  used  in  the  fat  and 
oil  industries,  and  the  second  chapter  on  the  technology  of 
natural  oils,  fats,  and  waxes,  with  methods  of  preparing,  refining, 
and  detecting  adulterations.  This  discussion  of  the  commercial 
preparation  of  oUs  and  fats  is  the  weakest  part  of  the  book. 
In  fact,  only  39  pages  are  devoted  to  this  subject  and  almost 
none  of  it  has  any  bearing  upon  modem  American  practice. 
The  second  chapter;  however,  is  practically  an  encyclopedia 
of  our  present  knowledge  of  the  composition  and  adulteration 
of  fats  and  oils.  Practically  every  known  fat  and  oil  are  recorded, 
with  information  as  to  its  composition,  source,  and  method  of 
preparation,  and  the  present  edition  shows  that  there  has  been 
a  great  deal  of  new  material  along  these  lines  developed  since  the 
previous  edition.  On  page  51  there  seems  to  be  a  serious  error  in 
the  tabulation  of  the  American  linseed  crop  for  1915-16-17. 
Just  what  these  figures  should  be,  it  is  hard  to  say. 

The  only  criticism  that  might  be  made  of  the  technological 
side  of  this  book  is  that  the  author  is  evidently  not  familiar  with 


the  cottoiisiL-<l  oil  industry  or  the  ni:inuf;uturc  of  lur<!  in  the 
United  States,  and  has  not  kept  up  with  the  changes  in  rules 
that  have  been  made  in  these  industries  within  the  last  few  years 
in  this  country.  It  seems  to  me  that  it  would  certainly  Ijc  very 
desirable  for  the  editor,  in  future  revisions,  to  get  tlic  cooperation 
of  American  authorities  on  these  two  great  oil  and  fat  industries, 
which  arc  so  largely  American  industries. 

ll.  M.  TOLMAN 


Handbook  of  the  Petroleum  Industry.  Vols.  I  and  II.  David 
T.  Day,  Editor-in-Chief.  2070  pp.  John  Wiley  &  Sons, 
Inc.,  New  York,  1922.     Price,  $15.00. 

This  book  has  served  a  valuable  purpose  in  bringing  together 
in  two  volumes  a  vast  amount  of  scattered  material  which  in  the 
past  has  been  largely  inaccessible  to  the  average  oil  man.  It 
would  have  been  diflicult  to  pick  an  editor  better  qualified 
for  such  a  task  than  Dr.  Day. 

The  authors  of  the  various  chapters  are  generally  well  known 
in  the  industry,  and  speak  with  authority.  This  method  of 
compiling  is  both  the  strength  and  weakness  of  the  work.  While 
one  author  has  treated  his  subject  in  textbook  form,  another  has 
followed  that  of  a  popular  treatise,  while  still  another  has  fol- 
lowed the  real  handbook  idea  in  giving  formulas,  costs,  tables, 
thus  furnishing  the  tools  used  by  the  specialist.  This  lack  of 
balance  was  doubtless  inevitable. 

In  the  preface  the  editor  speaks  of  our  dwindling  oil  reserve 
as  from  five  to  seven  billion  barrels.  It  is  not  dear  why  he 
ignores  the  exhaustive  estimate  of  nine  billions  made  last  year 
by  a  representative  national  committee,  nor  why  it  should  not 
have  been  explained  that  with  rising  prices  for  crude  more  eflS- 
cient  methods  will  undoubtedly  greatly  increase  this  reserve. 

In  an  otherwise  clearly  written  chapter  on  the  occurrence  of 
oil,  in  which  is  included  geology,  there  is  a  sacrifice  of  per- 
spective for  the  sake  of  tabulation.  The  author  disregards  the 
fine  pioneer  work  of  Washbume,  McCoy,  Roswell  Johnson,  J.  O. 
Lewis,  and  others,  in  their  study  of  the  effect  of  the  laws  of 
physical  chemistry  on  problems  of  migration  and  accumulation, 
and  merely  gives  a  somewhat  elementary  synopsis  of  the  anti- 
clinal theory  and  gravitational  separation.  The  list  of  occur- 
rences in  foreign  fields  does  not  reflect  the  present  state  of  knowl- 
edge of  those  regions. 

The  chapter  on  development  and  production  is  a  remarkably 
complete  description  of  the  tools  and  material  used,  and  includes 
many  fine  illustrations.  That  phase  of  the  subject  dealing  with 
the  production  of  oil  from  a  lease  is  less  good.  There  is  very 
little  of  value  upon  the  care  of  wells,  cleaning-out,  shooting,  and 
water  problems,  while  a  good  deal  of  space  is  devoted  to  a  popular 
description  of  spectacular  conditions  in  the  Mexican  fields. 
Operating  costs  and  depletion  of  a  property  are  not  touched 
upon,  nor  any  mention  of  acreage  yields  in  various  sands  and 
localities.  The  Smith-Duim  process  is  unfortunately  described 
as  an  adaptation  of  the  air-lift  system. 

One  of  the  best  chapters  in  the  book  is  that  upon  field  geological 
methods,  especially  upon  the  barometric  method.  It  can 
well  be  used  as  a  text,  and  to  the  geologist  is  worth  the  price  of 
the   whole  book. 

The  chapter  on  statistics  gives  much  valuable  material.  The 
graphs  used  are  somewhat  elementary,  and  would  have  been 
improved  by  the  use  of  some  of  the  analytical  methods,  as  in 
Pogue's  excellent  work,  to  show  relations  between  consimiption 
and  production  and  prices. 
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The  chapters  on  transportation,  refining,  and  testing  indicate 
that  greater  progress  has  been  made  in  the  manufactxiring 
branches  of  the  oil  industry  than  in  the  art  of  production.  A 
discussion  of  costs  would  have  been  of  value  in  the  chapter  on 
transportation,  as  is  given  in  that  on  refining  and  also  in  the  ex- 
ceedingly interesting  chapter  on  oil  shales.  This  latter  includes 
a  good  discussion  of  market  conditions,  costs  of  mining  and  trans- 
portation, character  of  the  oil,  by-products  and  their  markets, 
with  a  valuable  list  of  occurrences — all  of  which  is  very  timely. 

The  chapters  on  fuel  oil,  the  internal  combustion  engine, 
and  lubrication  leave  little  to  be  desired  in  each  field,  with  their 
discussions,  formvdas,  and  tabulated  material.  That  on  pipe 
is  almost  entirely  from  a  manufacturer's  standpoint.  It  would 
be  more  valuable  to  the  industry  if  there  were  some  discussion 
of  the  use  of  the  various  types  of  pipe  and  casing  in  the  field. 
Why  is  one  weight  and  size  used  in  California  and  another  in 
Louisiana,  and  still  another  in  Oklahoma? 

The  engineer  and  the  chemist  must  still  have  several  books 
dealing  with  ditTerent  phases  of  the  oil  problem  on  their  desks, 
but  among  them  that  by  Dr.  Day  will  find  a  prominent  place. 

L.  G.  Huntley 


The  Origin  of  Spectra.  By  Paiti.  D.  Foote  and  F.  L.  Mohler. 
A.  C.  S.  Monograph  No.  8.  250  pp.  Chemical  Catalog  Co., 
Inc.,  New  York,  1922.     Price,  $4.50. 

The  year  1922  has  placed  in  the  hands  of  spectroscopists 
several  noteworthy  books,  of  which  the  one  under  review  is 
important.  Foote  and  Mohler  have  undertaken,  with  remark- 
able success,  to  correlate  the  experimental  facts  of  spectro- 
scopy with  the  general  theory  of  atomic  structure  which  we 
owe  mainly  to  Planck,  Bohr,  and  Sommerfeld. 

How  very  far  away  we  are  from  the  days  of  Bunsen,  when 
nearly  every  new  chemical  element  was  being  discovered  by 
"spectrum  analysis"  and  when  Huggins  was  learning  the  compo- 
sition of  the  stars;  and  how  far  we  are  also  from  the  days  when 
Kayser,  Runge,  and  Rydberg  were  first  pointing  out  the  orderly 
series  which  exists  in  the  chaos  of  wave  lengths,  may  be  realized 
by  considering  the  remark  on  page  109,  that  spectroscopy  is  the 
science  which  is  mainly  concerned  with  the  interorbital  transi- 
tion of  a  valence  electron  which  has  previously  been  ejected  to 
an  outer  orbit. 

The  Bohr-Sommerfeld  atom  is  accepted  frankly  and  fully. 
The  authors  have  no  hesitation.  They  possess  the  courage  of 
their  convictions.  In  many  places  they  point  out  the  need  of 
more  information  and  the  difficulty  of  certain  experimental 
determinations,  but  never  a  doubt  is  entertained  concerning 
the  theory. 

The  first  chapter,  occupying  nearly  a  quarter  of  the  entire 
volume,  contains  a  clear  exposition  of  the  quantum  theory  as 
applied  to  spectra.  The  consequences  and  predictions  of  the 
theory  are  set  forth  in  a  manner  which  is  at  once  striking,  uni- 
fying, and  helpful.  The  authors  never  for  a  moment  allow  Men- 
delejcff's  table  to  drop  out  of  their  consciousness. 

The  second  chapter  dealing  with  energy  diagrams,  energy 
levels,  etc.,  might  well  have  included  a  little  more  detail — a  little 
more  "connective  tissue."  A  discussion  of  ionization  and 
resonance  potentials  follows  in  Chapter  .3;  then  a  fourth  chapter 
concerning  line  absorption  spectra  of  atoms,  full  of  interest 
from  start  to  finish.  In  the  fifth  chapter  is  reached  the  heart  of 
the  matter,  the  emission  of  line  spectra.  This  is  the  immediate 
problem  suggested  by  the  well-chosen  title  of  the  volume. 
Here  the  authors  arc  particularly  in  tlie  field  of  their  own  valua- 
ble contributions  to  knowledge;  the  discussion  is  consecutive 
and  exceedingly  clear.  Later  chapters  deal  with  the  mooted 
question  of  thermal  excitation  of  spectra,  with  the  difficult 
problem  of  flame  spectra,  with  thermochemical  relations,  and 
briefly  with  X-ray  spectra. 


Concerning  the  volume  as  a  whole,  it  is  certain  to  make  con- 
siderable demands  upon  the  attention  of  the  reader  who  desires 
to  distinguish  carefully  between  fact  and  theory.  The  authors 
do  not  always  talk  in  terms  of  the  laboratory.  Ionization  and 
resonance  potentials,  for  example,  are  defined,  not  in  terms  of 
experiment,  but  in  terms  of  the  dominating  model. 

The  value  of  the  book  for  reference  to  recent  literature  is 
indicated  by  the  fact  that  the  index  of  names  of  authors  includes 
no  less  than  one  hundred  and  seventy-five  entries. 

The  authors  have  certainly  earned  the  thanks  and  congratu- 
lations of  all  English-speaking  students  of  spectroscopy;  for 
not  only  is  this  volume  indispensable  to  physicists  and  as- 
trophysicists, but,  since  the  spectrum  of  an  atom  is  the  most 
characteristic  thing  about  it — not  excepting  even  its  atomic 
weight — the   book   will   prove   equally    necessary    to   chemists. 

Henry  Crew 


Clay  Products  Cyclopedia.    Industrial  Publications,   Inc.,  Chi- 
cago, 1922.     200  pp.     Price,  53.00. 

This  book  represents  a  praiseworthy  effort  to  give  to  the 
clay  industry  information  on  a  large  variety  of  subjects  per- 
taining to  ceramics.  The  nature  of  the  alphabetical  and  de- 
partmental arrangement  precludes,  of  course,  the  treatment  of 
the  many  topics  in  their  natiu'al  order.  The  question  arises 
whether  it  would  not  be  better  in  future  editions  to  adopt  the 
topical  and  coimected  arrangement  by  chapters  as  is  done  in  the 
standard  handbooks.  The  information  has  been  collected  from 
many  sources,  most  of  which  have  been  acknowledged,  but  in 
several  cases  this  has  been  overlooked.  Such  clay-testing 
methods  as  are  given  on  pages  142  to  147  might  have  been  elim- 
inated with  profit.  Misprints,  which  are  difficult  to  avoid  in 
a  work  of  this  kind  containing  so  much  tabulated  information,  are 
much  less  numerous  than  might  be  expected.  The  work  of  com- 
pilation has  been  well  done  and  the  book  is  of  real  service  to  the 
plant  executives  and  operators  for  whom  it  is  intended. 

A.  V.  Bleininger 


Food  Products  from  Afar.  By  E.  H.  S.  Bailey,  Ph.D.,  and 
H.  S.  Bailey,  A.B.,  B.S.  287  pp.  The  Century  Co.,  New 
York,  1922.     Price,  $3.00. 

The  book  is  delightfully  written  and  the  typographical  work, 
including  the  reproduction  of  numerous  photographs,  is  a  credit 
to  the  printer's  craft.  Details  of  the  nature  and  the  production 
or  manufacture  of  foods  exotic  to  the  United  States  are  vividly 
brought  to  the  attention  of  the  reader,  be  he  epicure,  nutrition- 
ist, or  technical  chemist.  The  two  former  classes  may  read 
without  danger  of  being  swamped  in  chemical  terms,  while  the 
food  chemist  will  find  information  to  aid  him  in  his  work  for 
which  he  would  have  to  search  long  elsewhere. 

After  a  preliminary  chapter  on  the  sociology  of  foods,  are 
chapters  under  appropriate  captions  dealing  with  Italian  pastes, 
nuts,  edible  oils,  cheese,  Arabian  and  Mediterranean  products, 
rice  and  spice,  foods  of  the  Far  East,  tropical  foods,  coffee, 
Latin-American  foods,  stimulants  and  sedatives,  bananas,  and 
fish  foods,  most  of  which  in  these  days  are  imported  into  the 
I'nited  States,  and  in  addition  certain  unique  foods  to  which 
the  American  palate  is  not  as  yet  trained. 

The  reviewer  feels  that  the  authors,  both  of  whom  stand  in 
the  front  ranks  of  food  chemists,  have  conferred  a  greater  favor 
on  men  of  their  own  calling  by  writing  a  book  of  this  character 
than  if  they  had  treated  the  subject,  at  this  time,  from  the 
standpoint  of  nutritive  value  or  vitamin  content. 

A.  L.  Winton 
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October 

The  new  Junquera  process  for  extracting  nitrate  of  soda  is 
described.  Oflicial  tests  of  the  process  were  witnessed  by  many 
men  prominent  in  the  nitrate  industry,  and  the  impression 
seems  to  be  general  that  tlie  inventor  has  in  large  part  made 
good  his  claims.  There  is  a  disposition  to  recognize  that  a  new 
invention  has  been  made  which,  when  improved,  may  revo- 
lutionize the  industry.     (P.  23) 

Extensive  development  of  steam  electric  power  by  utilization 
of  the  lignite  deposits  of  Italy  is  being  considered  under  the  gov- 
ernment subsidy  plan  for  making  use  of  the  national  fuel  re- 
sources.    (Pp.  26-7) 

A  recent  French  decree  prohibits  the  exportation  of  uranium 
ores  from  the  French  colonies  and  protectorates,  except  Morocco 
and  Tunis,  to  countries  other  than  France  and  its  possessions  and 
protectorates.  The  declared  purpose  of  this  decree  is  to  give 
French  chemical  manufacturers  preferred  access  to  the  radium- 
bearing  minerals  of  Madagascar.     (P.  54) 

A  French  decree  of  September  4,  1922,  suspends  the  maximum 
duty  of  S  francs  per  100  kilos  hitlierto  levied  on  crude  ammonium 
sulfate  imported  into  tliat  country.     (P.  55) 

The  Venezuelan  government  has  placed  potassiimi  carbonate, 
sodium  carbonate  and  powdered  white  marble  on  the  free  list 
and  a  duty  upon  potassiimi  hydrate  and  sodium  hydrate.     (P.  56) 

A  pronounced  shortage  of  zinc  exists  in  Germany  at  present. 
Visible  stocks  are  estimated  at  8000  metric  tons,  as  compared  with 
14,000  metric  tons  a  year  ago.  One  of  the  most  important 
factors  said  to  be  responsible  for  this  shortage  was  the  loss  of  80 
per  cent  of  the  former  Silesian  zinc  production  to  Poland.     (P.  73) 

Reports  from  Fitzgerald,  Alberta,  indicate  that  silver  deposits 
which  will  equal  the  silver  mines  of  northern  Ontario,  have  been 
discovered  northeast  of  that  town.  It  is  said  to  be  a  high-grade, 
free-milling  ore.     (P.  76) 

Trial  borings  for  oil  in  northern  Kerafuto  clearly  reveal  that 
the  prospects  for  the  production  of  oil  in  that  region  are  very 
good.     (P.  95) 

The  output  of  potash  in  France  during  the  second  quarter  of 
1922  showed  an  improvement  over  that  of  the  preceding  quarter, 
being,  respectively,  46,282  and  38,733  tons  of  pure  potash. 
(P.  98) 

The  American  Embassy  at  Paris  has  been  informed  by  the 
Alsatian  Potash  Commercial  Company  that  while  general  con- 
versations are  being  held  relative  to  a  potash  agreement,  no  de- 
cisions have  been  reached.     (P.  98) 

A  bill  has  been  introduced  in  the  lower  house  of  the  Brazilian 
Congress  which  provides  for  an  increase  in  import  duty  on  bleach- 
ing powder  and  on  caustic  soda.     (P.  119) 

Substances  imported  into  Salvador  for  the  purification  of  water 
not  specified  in  the  customs  tariff  are  to  be  classed  under  "Chem- 
ical products  and  industrial  preparations,"  and  are  subject  to 
duty.     (P.  120) 

The  total  production  of  petroleimi  in  the  Dutch  East  Indies 
during  the  calendar  vear  1921  amounted  to  2,361,509  metric 
tons  as  compared  with  2,365,320  tons  in  1920  and  2,159,862  tons 
in  1919.     (P.  153) 

Increasing  interest  is  being  evidenced  in  the  production  of 
oil  from  bituminous  schists  in  Italy,  production  amounting  to 
16,325  tons  in  1920  and  3150  tons  in  1921.     (P.  153) 

The  export  trade  of  the  United  States  in  chemicals  and  allied 
products  is  increasing  so  rapidly  that  it  is  not  unlikely  the  total 
value  for  the  year  will  exceed  that  for  1921.     (Pp.  161-2) 


A  survey  of  tlie  I'ViMcli  niaMufaclurc  of  coloring  matters  is 
most  di.scDuraging.  This  same  depression  aiiiwars  to  l>e  symp- 
tomatic of  industrial  chemicals  in  general  in  France.     (P.  162) 

The  new  schedule  of  German  potash  prices  is  given.     (P.  162) 

The  duty  on  copra  exported  from  New  Guinea  has  been  re- 
duced for  a  peri(Kl  of  one  year,  beginning  June  I,  J922.     (P.  178) 

Beginning  with  September  1922,  statistics  showing  exports 
from  the  1,'nited  vStates,  by  countries  of  destination,  of  certain 
specified  chemicals  will  be  issued  in  mimeographed  form  by  the 
Bureau  of  Foreign  and  I>()mestic  Commerce.      (P.  211; 

Deposits  of  kieselguhr  have  recently  been  discovered  near 
Cheribon.  Java,  and  experiments  are  being  made  at  several 
sugar  mills  to  determine  whether  it  can  be  satisfactorily  used  in 
place  of  the  imported  product.     (P.  211; 

Extension  of  the  French  artificial-silk  industry  has  not  kept 
pace  with  the  increasing  French  popularity  of  artificblsilk  goods, 
and  the  nine  mills  engaged  solely  in  Uic  manufacture  of  this 
material  arc  all  booked  up  for  months  ahead.     (P.  219) 

German  deliveries  of  dyestuffs  to  the  allied  powers  arc  de- 
scribed. An  interesting  fact  is  that  the  largest  amounts  have 
been  sent  to  Italy,  rather  than  to  France  and  Belgium  as  popu- 
larly believed.     (Pp.  246-7) 

The  Governor  General  of  the  Union  of  South  Africa  has  pro- 
claimed a  rebate  of  the  whole  or  part  of  the  import  duty  on  the 
following  articles,  when  imported  in  accordance  with  certain 
prescribed  regulations  and  used  for  certain  designated  manufac- 
turing purposes:  oils,  used  in  tlie  lubricating  of  yarn  in  the  proc- 
ess of  weaving,  rebate  17  per  cent  of  the  duty;  gums  and 
turpentines  used  in  the  manufacture  of  paints,  rebate  the  whole 
duty  on  gums  and  17  per  cent  on  turpentine;  solvent  naphtha, 
sealite,  and  similar  fluxes,  used  in  the  sealing  of  containers  of 
commodities,  rebate  tlie  whole  duty.     (P.  254) 

Chlorate  of  soda  and  perchlorate  cf  ammonia  are  offered  to 
American  buyers  by  a  firm  in  Turin,  Italy.  Further  particulars 
may  be  obtained  from  the  Cliemical  Division  of  the  Bureau  of 
Foreign  and  Domestic  Commerce.     (P.  272) 

A  market  for  American  fertilizers  is  said  to  exist  in  the  Isle  of 
Pines,  and  for  ammonitun  sulfate  at  Dunkirk.     (P.  272) 

"Springbok"  motor  spirit  is  the  name  of  a  new  gasoline  substi- 
tute which  has  been  invented  by  anattomey  of  So.  Africa.  This 
product  is  made  from  the  juice  of  the  prickly  pear  mixed  with 
chemicals.  It  has  been  severely  tested  on  various  makes  of 
cars  and  is  highly  recommended,  being  noncorrosive,  odorless, 
and  equal  to  or  better  than  gasoline  in  power  and  flexibility,  a 
mileage  of  22.4  being  obtained  in  a  six-cylinder  car.     (P.  277) 

Dr.  Edwin  Bluemner  of  Berlin  claims  to  have  invented  a 
process  for  the  production  of  synthetic  benzine.     (P.  278) 

It  is  reported  that  a  professor  in  one  of  the  German  technical 
schools  has  been  engaged  for  the  last  three  years  in  the  develop- 
ment of  a  new  process  for  obtaining  gasoline  from  crude  oil. 
The  inventor  believes  that  his  invention  makes  possible  a  pro- 
duction of  from  30  to  80  per  cent  of  gasoline  from  coal  tar  and 
bituminous  coal,  as  well  as  from  the  hitherto  waste  crude  from 
which  the  maximum  amount  had  been  obtained  under  the  old 
systems.     (P.  278) 

Gonakie,  the  pods  of  which  produce  a  tanning  material  of 
considerable  value,  is  suggested  as  a  possible  substitute  for  sumac. 
(Pp.  291-2) 

The  German  prices  on  unbleached  sulfites  have  been  re\-ised — 
for  the  most  part  downward.     (P.  295) 

Raw  lime  and  limestone  may  be  exported  from  Czechoslo- 
vakia without  paying  a  manipulation  fee  and  without  obtaining 
an  export  license.     (P.  307) 

The  British  Board  of  Trade  has  removed  the  restriction  on  the 
exportation  of  all  kinds  of  fertilizers  and  reimposed  the  restric- 
tion on  the  exportation  of  the  following  exploswes:  Dynobel, 
Samsonite,  and  Thames  powder.     (P.  308) 

Special  Supplements  Issued;     Algeria.  Haiti,  and  X'enezuela. 
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NEW  BOOKS 

Analysis:    A  Method  for  the  Identification  of  Pure  Organic  Compoimds. 

Vol.  rV.     Samuel  P.  Mtn.i.iKBN.     238  pp.     Price,  $5.00.     John  WUey 

&  Sons,  Inc.,  New  York. 
Artificial   Rubber:     Kunstlicher  Kautschuk    fOr    Elektrische   Isolierungs- 

zwecke.     Kurt    Geislbr.     89    pp.     Price,    $1.00.     Verein    Deutscher 

Ingenieure,  Berlin 
Atomic  Form  with  Special  Reference  to  the  Carbon  Atom.     E.  E.  Price. 

148  pp.     Price,  5s.     Longmans,  Green  &  Co.,  London. 
Belt   Conveyors   and   Belt   Elevators.     Frederick    V.    Hbtzel.     333   pp. 

Price,  $5.00.     John  Wiley  &  Sons,  Inc.,  New  York. 
Camphor:     Le  Camphre   et  sa   Synthase.     A.   Dubosc.     La  Culture  In- 

dustrielle  du  Camphxier.     L.  Trabut.     64  pp.     Price,   6  fr.     Dunod, 

Paris. 
Caiotinoids  and  Related  Pigments:  The  Chromolipoids.     LSROV  S.  Palmer. 

American  Chemical  Society  Monograph  Series.     300  pp.     Price,  $4.50. 

Chemical  CataloR  Co.,  Inc.,  New  York. 
Cellulose:    Researches  on  Cellulose.     Charles  F.  Cross  and  Charles 

DoR^B.     233  pp.     Price,  $.5.00.     Longmans,  Green  &  Co.,  New  York. 
Chemistry  of  To-day.     P.  G.  Bull.     311pp.    Price,  8s.  6d.    Seeley  Service 

&  Co.,  Ltd.,  London. 
Colour  Index.     Part  I.     F.  M.  Rows,  Editor.     24  pp.     Subscription  price 

for  the  whole  work,  84s.     Society  of  Dyers  and  Colourists,  Bradford, 

England. 
Concrete:   A  Manual  of  Reinforced  Concrete.     Charles  F.  Marsh.    4tb 

edition.     504  pp.     Illustrated.     Price,  21s.  net.     Constable  &  Co.,  Inc., 

London. 
Coal,  Coke,  and  By-Ptoducts.    1913-1919.    Part  HI.    Imperial  Mineral 

Resources   Bureau.     173  pp.     Price,    7s.     H.    M.    Stationery  Office, 

London. 
Dyes:    Traiti  des  Matiires  Colorantes  Organiques  et  de  leurs  Diverses 

Applications.     Edouard    Ehrmann.     615    pp.     Price,    58    fr.     Dunod, 

Paris 
Foundry  Practice:  A  Comparison  of  British  and  American  Foundry  Prac- 
tice with  Special  Reference  to  the  Use  of  Refractory  Sands.     P.  G.  H. 

Boswhll.     106  pp.     Price  4s.  Cd.     The   University  Press  of  Liverpool, 

Liverpool. 
Handbook    of    Chemical    Engineering.     Donald    M.    Liddbll.     2    vols. 

517  pp.     Price,  $8.00.     McGraw-Hill  Book  Co.,  Inc.,  New  York. 
Heat:    Notes  and  Examples  on  the  Theory  of  Heat  and  Heat  Engines. 

John  Case.      130  pp.     Price.  $2.50.     D.  Van  Nostrand  Co  ,  New  York. 
Heat  Transmission:     Technical  Records  of  Explosives   Supply   1915-18. 

No.  9.     Ministry  of  Munitions  and  Derartmsnt  of  Scientific  and 

Industrial  Research.     48  pp.      Price,  5s.  3Vid.      H.  M.  Stationery 

Office,  London. 
Inorganic  Chemistry:    La  Chimie  des  Complexes  Inorganiques.     Robert 

ScHWARZ.     Translated  by  Andr£  Juliard.     72  pp.     Illustrated.     Price, 

8  fr.     Dunod,  Paris. 
Inorganic  Chemistry.     E.  J.  Holmvard.     660  pp.     Price,   $2.00.     Long- 
mans, Green  &  Co.,  New  York. 
Organic    Chemistry:     Cours    de    Chimie    Organique.     F.    Swarts.     3rd 

edition,   revised   and   enlarged.     674   pp.     Price,    45   fr.      M.    Lamertin, 

Brussels. 
Physics:    A  Concise  Physics  for  Engineering  Students.     John  E.  Hoyt. 

385  pp.     Price,  $2.50.     P.  Blakiston's  Son  &  Co.,  Philadelphia. 
Petroleum    and    Allied    Industries.     S.    Kbwlev.     Industrial    Chemistry 

Series.     302  pp.     Price,  $3.50.      D.  Van  Nostrand  Co.,  New  York. 
Plant  Chemistry:    An  Introduction  to  the  Chemistry  of  Plant  Products. 

Vol.  II.     Metabolic  Processes.     P.   Haas  and  T.   G.   Hill.     140  pp. 

Price,  7s.  6d.     Longmans,  Green  &  Co.,  London. 
Practical  Refrigeration  for  Marine  Engineers.     H.  E.  Roberts.     87  pp. 

Price,  $1.75.      D.  Van  Nostrand  Co.,  New  York. 
Quantitative  Chemical  Analysis.     A.  C.  Cummino  and  S.  A.  Kay.     432  pp. 

Price,  159.     Giirncy  &  Jackson,  London. 
Rubber:   The  Analysis  of  Rubber.     John  B.  Tuttle.     American  Chemical 

Society  Monograph  Series.     160  pp.     Price,  $2.50.     Chemical  Catalog 

Co.,  Inc.,  New  York. 
Standard     Specifications     for     Laboratory     Apparatus.     Manufacturiko 

CuiiMisTS'  Association  of  tub  United  States.     Part  I.     Graduates 

and   Thermometers.     40   pp.     Manufacturing   Chemists'   Association   of 

the  United  States.  Washington,  D.  C. 


Steel:    The  Determination  of  Sulfur  in  Iron  and  Steel.     H.  B.  Pulsifer. 

160  pp.     Illustrated.     Price,  $2.50.     Chemical  Publishing  Co.,  Easton, 

Pa. 
Textiles.     A.  F.  Barker,  W.  M.  Garner,  R.  Snow,   W.  H.  Cook,  and 

F.  Bradbury.   Revised  edition.     396  pp.    Price,  $4.50.    D.  Van  Nostrand 
Co.,  New  York. 

Vanadium,  1913-1919.  The  Mineral  Industry  of  the  British  Empire  and 
Foreign  Countries.  War  Period.  Impbrial  Mineral  Resources 
Bureau.     19  pp.     Price,  6d.     H.  M.  Stationery  Office,  London. 

RECENT  JOURNAL  ARTICLES 

Acid-Resisting    Metals   and   Alloys.     George   A.    Drysdale.     The    Coat 

Industry.  Vol.  5  (1922),  No.  10,  pp.  452-54. 
Adhesive:    Sodium  Silicate  as  an  Adhesive.     Rex  Furnsss.     Journal  of 

the  Society  of  Chemical  Industry,  Vol.  41  (1922),  No.  18,  pp.  381r-84r. 
Application   of   Artificial   Daylight  to   Laboratory   Purposes    (Sheringham 

System).     S.  H.  Groom.     The  Analyst,  Vol.  47  (1922),  No.  559.  pp. 

419-23. 
Artificial  Silk  and  Its  Applications  in  the  Textile  Industry.     P.  E.  Kino. 

American  Dyestuff  Reporter.  Vol.  11  (1922),  No.  9,  pp.  317-18,  329-32. 
Artificial  Silk:    The  Manufacture  of  Artificial  Silk.     Rex  Furnbss.     The 

Chemical  Age  (London).  Vol.  7  (1922),  No.  174,  pp.  522-24. 
Bingham  Viscometer:    The  Drainage  Error  in  the  Bingham  Viscometer. 

WiNSLOW  H.  Hbrschel.     Journal  of  the  Optical  Society  of  America  and 

Review  of  Scientific  Instruments,  Vol.  6  (1922),  No.  8,  pp.  875-98. 
Blast  Furnace:    Bases  of  Modem  Blast  Furnace  Practice.     A.  K.  Reese. 

Blast  Furnace  and  Steel  Plant.  Vol.  10  (1922),  No.  10,  pp.  495-99. 
Boiler  Tube  Slag:    How  to  Combat  Formation  of  Slag  on  Boiler  Tubes. 

Harry    H.    Bates.      American  Gas  Journal.    Vol.    117    (1922),    No.    17 

(Whole  No.  3372),  pp.  370-75. 
Ceramic  Research:    The  Organization  of  a  Decorative  Ceramic  Research 

Department.     Frederick  H.  Rhead.     Journal  of  the  American  Ceramic 

Society,  Vol.  5  (1922),  No.  11,  pp.  758-87. 
Chrome    Tanning.     XI.     Some    Observations    on   the    Properties   of   the 

Common  Chrome  Liquors.     D.  Burton,  R.  P.  Wood,  and  A.  Glover. 

Journal  of  the  Society  of  Leather  Trades'  Chemists.  Vol.  6  (1922),  No.  9, 

pp.  281-87. 
Chrome  Tanning:   Sur  le  Tannage  au  Chrome  i  un  Bain  ft  Partir  de  I'Alun 

de  Chrome.     P.  Chambard  and  L.,  Meunier.     Journal  of  the  Society 

of  Leather  Trades'  Chemists,  Vol.  6  (1922),  No.  9,  pp.  288-96. 
Coal  Gas:    Scrubbing  and  Condensing  Coal  Gas.     J.  R.  Wohrlby.     Cos 

Age-Record,  Vol.  SO  (1922),  No.  17,  pp.  521-26,  530. 
Combustion:  Judging  the  Combustion  of  Gaseous  Fuels  from  Gas  Analyses. 

A.  G.  Witting.     Blast  Furnace  and  Steel  Plant,  Vol.  10  (1922),  No.  10, 

pp.  522-28. 
Corrosion  Control  by  Deactivation  of  Water.     Frank  N.  Speller.     Blast 

Furnace  and  Steel  Plant,  Vol.  10  (1922),  No.  10,  pp.  500-4. 
Corrosion  of  Cast  Iron  and  Lead  Pipes  in  Alkaline  Soils.     J.  W.  Shiplsy. 

Journal  of  the  Society  of  Chemical  Industry,  Vol.  41  (1922),  No.  18,  pp. 

311(-16/. 
Dyes:    On  the  Mode  of  Action  of  Dyestuff s  on  Bacteria.    F.  P.  Gay  and 

T.  D.  Bbckwith.     American  Journal  of  Hygiene,  Vol.  2  (1932),  No.  6, 

pp.  467-89. 
Dyes:    The  Merchandising  of  Dyestuffs.     Alan  B.  Chaflin.     American 

Dyestuff  Reporter,  Vol.  11  (1922),  No.  8,  pp.  261-64. 
Fats:    La  Classification  des  Corps  Gras  au  Point  de  Vue  Commercial. 

G.  WOLFP.      Chimie  et  Industrie,  Vol.  8  (1922),  No.  3,  pp.  544-48. 
Gelatin:    Progress  in  the  Physical  Chemistry  of  Gelatin.     C.  R.  Smith. 

Journal  of  the  American  Leather  Chemists  Association,  Vol.  17  (1922), 

No.  10,  pp.  508-15. 
Glass:    From  Manganese  to   Selenium.    Irvino  E.   Adams.     The  Class 

Industry,  Vol.  3  (1922),  No.  11,  pp.  219-20. 
Leather:    The  Infiuence  of  Atmospheric  Humidity  on  the  Strength  and 

Stretch  of  Leather.     F.  P.  Veitch,  R.  W.  Frey,  and  L.  R.  Lbinbach. 

Journal  of  the  American  Leather  Chemists  Association,  Vol    17  (1922), 

No.  10,  pp.  492-507. 
Low  Temperature  Carbonization.     S.  W.  Parr.     Gas  Age-Record,  Vol.  SO 

(1922),  No.  17,  pp.  531-34. 
Manganese  Bronze:     Occurrence   of  Blue   Constituent  in  High-Strength 

Manganese  Bronze.     E.  H.  Dix.     Brass  World,  Vol.  18  (1922),  No.  10, 

pp.  283-87. 
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Mechanical  Appliances  for  Pumping  Chemical  Solutions,     A.  K.  FiicnitK. 

American  Dyestuff  Reporter.  Vol.  11  (1922),  No.  9.  pp.  301-07. 
Photography:     Studies  in  Photographic  Sensitivity.     I— The  Distribution 

of   Sensitivity  and   Size  of   Grain   in  Photographic   Emulsions.     E.    P. 

WloilTMAN,    A.    P.    H.   Triveli.1   AND   S.    E.   SllUPPARD.      Journal   of  the 

Franklin  Jnslilule,  Vol.  194  (1922),  No.  4,  pp.  4S5-520. 
Rubber:  The  Constitution  of  Rubber.     Maituand  C.  BoawaLi,.     Canadian 

Chemistry  and  Metallurgy,  Vol.  6  (1922),  No.  II,  pp.  237-43. 
Rubber:     Testing  Rubber  Compounded   with   Zinc   Oiide  and   Litharge. 

Hbnry  p.  Stbvhns.      The  Rubber  Ase,  Vol.  12  (1922),  No.  2,  pp.  48-49. 
Teaching  of  Science.     Sir  Richard  Grbcory.     Science,  Vol.  56  (1922), 

No.    1451,    pp.   433-39. 
Turpentine:     Composition  et  Applications  Industrielles  des  Essences  de 

T6r6benthine.     Georgbs  Dupont.     Chimie  el  Industrie,  Vol.  8  (1922), 

No.  3,  pp.  549-54. 
Zinc:    L'EIectrom^tallurgie  du  Zinc.     M.  Gojon  and  M.  Lbharchands. 

Chimie  et  Industrie.  Vol.  8  (1922),  No.  3,  pp.  50C-23. 

QOVEENMENT  PUBLICATIONS 

Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Corernmcnt  Printing  Office,  Washington, 
D.C.  Other  publications  can  usually  be  supplied  from  the  Bureau  or  De- 
partment from  which  they  originate. 

Bureau  of  Mines 

Additions,  Removals,  and  Changes  in  Permissible  List  of  Explosives  from 
March  IS  to  September  30,  Inc.,  1922.  S.  P  Howkli,.  Reports  of  In- 
vestigations 2402.     3  pp.     Issued  October  1922. 

Explosives  Used  in  August  1922.  W.  W.  Adaus.  Reports  of  Investiga- 
tions 2i0i.     5  pp.     Issued  October  1922. 

Fatalities  at  Coal  Mines  in  August  1922.  W.  W.  Adams.  Reports  of  In- 
vestigations 2399.     3  pp.     Issued  September  1922. 

Fire  and  Explosion  Hazards  of  Petroleums  and  Petroleum  Products.  S.  H. 
Katz  and  N.  a.  C.  Smith.  Reports  of  Investigations  2400.  11  pp 
Issued  September  1922. 

Gunite  in  Metal  Mines  (with  Tables  of  Costs  and  a  Bibliography).  B  O. 
PicKARD.  Reports  of  Investigations  2397.  30  pp.  Issued  September 
1922. 

Operation  and  Maintenance  of  Electrical  Equipment  Approved  for  Permissi- 
bility by  the  Bureau  of  Mines,  h  C.  Ilslsy.  Technical  Paper  306, 
23  pp.     Paper  5  cents.      1922. 

Stripping  Problems  in  Limestone  Quarries  of  the  Shenandoah  Valley. 
Oliver  Bowles.  Reports  oj  Investigations  2401,  6  pp.  Issued  Octo- 
ber 1922. 

Titanium,  R.  J.  Anderson.  Reports  of  Investigations  2i06.  12  pp. 
Issued  October  1922. 

Btireau  of  Standards 

Photomicrography  of  Paper  Fibers.  R.  E.  Lofton.  Technologic  Paper 
217,     31  pp.     Paper,  5  cents.      1922. 

Recommended  Specification  for  Liquid  Paint  Drier,  Prepared  and  Recom- 
mended by  the  U.  S.  Interdepartmental  Committee  on  Paint  Specification 
Standardization,  September  27,  1920.  Circular  105  4  pp.  Paper, 
5  cents.      1922. 

The  Decarburization  of  Ferrochromium  by  Hydrogen.  Louis  Jordan 
AND  F.  E.  Swindells.     Scientific  Paper  i48.     Paper,  5  cents. 

The  Preparation  of  Iron-Carbon-Manganese  Alloys  and  the  Effects  of 
Carbon  and  Manganese  on  the  Mechanical  Properties  of  Iron.  R.  P. 
Nbvillb  AND  J.  R.  Cain.     Scientific  Paper  453.     Paper,  10  cents.     1922. 

Buieau  of  the  Census 

Natural  Dyestuffs  and  Extracts.  140i  Census  of  the  United  States:  Mann- 
factures,  1919  Prepared  under  the  supervision  of  E.  F.  Hartley 
9  pp.      1922. 

Smelting  and  Refining.  14th  Census  of  the  United  States:  Manufactures, 
1919.     11  pp      1922 

Congress 

Amending  S.  Res.  292.  directing  the  Committee  on  Manufactures  to 
investigate  and  report  to  the  Senate  the  conditions  of  the  crude  oil  and 
gasoline  markets  during  the  years  1920,  1921,  and  to  date  in  1922.  S 
Res.  295.  Introduced  by  Mr.  LaFollette,  April  20,  1922,  and  referred 
to  Committee  to  Audit  and  Control  the  Contingent  Expenses  of  the 
Senate;  reported  without  amendment:  considered  and  approved.  3  pp. 
1922. 


Directing  the  Committee  on  Munuf»clurri  to  invotliiate  and  report  to  the 
Senate  the  condition!  o(  the  crude  oil  and  gatolina  markets  durinu  the 
yeara  1920,  1921,  and  to  dut<-  in  1U22.  S.  Res.  292.  Introduced  by  M«. 
McKllLLAK,  April  20,  1022;  considered  and  upprovrd.      2  pp.      1U22. 

Extension  of  the  Dye  and  Chemical  Control  Act,  1921,  II.  R  1247,  Sub- 
mitted by  Mr.  Tilson;  committed  to  the  Committee  of  the  Whole  liouM, 
and  ordered  to  be  printed       2  pp.      IU22. 

Preventing  the  Oil  PoUution  of  Narigable  Waters  of  the  United  Suiea. 
5.  K.  901.  Submitted  by  Mk  Wilms,  and  ordered  to  be  prinird  3  pp 
1022 

Tariff  Act  of  1922  with  Index.  H.  R.  74r,6,  to  provide  revenue,  to  rruulate 
commerce  with  foreign  countries,  to  encourage  the  industriri  of  the 
United  States  and  (or  other  purposes.      H.Doc.39i.     108  pp.      1922. 

Tariff  Bill  of  1922.  Conference  Report  to  accompany  H.  R  7468.  //  R 
1207.     102  pp.     1922. 

Tariff  Bill  of  1922.  Conference  report  on  the  bill  (H.  R.  74M)  to  provide 
revenue  to  regulate  commerce  with  foreign  countries  to  encourage  the 
industries  of  the  United  States,  and  for  other  purposes  S  Doc  253, 
51  pp.      1922. 

To  amend  Section  35  of  the  act  entitled  "An  Act  to  promote  the  mining 
of  coal,  phosphate,  oil,  oil  shale,  gas,  and  sodium  on  the  public  domain." 
S  R.  897.  Submitted  by  .\Ir.  Kendrick  and  ordered  to  be  printed 
2  pp.     1922. 

Department  of  Agriculture 

Absorption  by  Colloidal  and  NoncoUoidal  Soil  Constituents.     M.S.  Andhk- 

SON,  W    H.  Fry,  P    L.  Gilb,  H    E.  Middlbton,  and  W   O.  Rodinson. 

Bulletin  1122.     20  pp.     Paper,  S  ccnt.i.     Issued  October  21,  1922, 
Oleoresin  Production.     A  Micioscopic  Study  of  the  Effects  Produced  on  the 

Woody  Tissues  of  Southern  Pines  by  Different  Methods  of  Turpentining. 

Eloisb     Gerry.      Bulletin     1064.     40     pp.     Paper,     20    cents.     Issued 

August  21,  1922 

Geological  Survey 

Cobalt,  Molybdenum,  Nickel,  Tantalum,  Titanium,  Tungsten.  Radium, 
Uranium,  and  Vanadium  in  I92I.  F.  L.  Hess.  Separate  from  Mineral 
Resources  of  the  United  States,  1921,  Part  I.  27  pp.  Published  October 
23,  1922. 

Coke  and  By-products  in  1919-1920.  R.  S.  McBridb  and  F.  G.  Tryon 
Separate  from  Mineral  Resources  of  the  United  States,  1920,  Part  II. 
77  pp.     Published  October  18,  1922. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  California  and  Oregon  in  1921. 
Mines  Report.  C.  G.  YalB.  Separate  from  Mineral  Resources  of  the 
United  States,  1921,  Part  I.     40  pp.     Published  October  23,  1922. 

Secondary  Metals  in  1921.  J.  P.  Dunlop.  Separate  from  Mineral  Re- 
sources of  the  United  States,  1921,  Part  I.  16  pp.  Published  October 
12,  1922. 

Surface  Water  Supply  of  the  United  States,  1918.  Part  ZII.  North  Pacific 
Slope  Drainage  Basins,  A — Pacific  Basins  in  Washington  and  Upper 
Columbia  River  Basin,  N.  C.  Grovbr,  G.  L.  Parker  and  W.  A.  Lamb. 
Prepared  in  codpcration  with  the  states  of  Washington  and  Montana 
Water-Supply  Paper  482,     173  pp      Paper,  15  cenU.     1922. 

Public  Health  Service 

A  Physiological  Test  for  the  Activity  of  Vitamin  Preparations,  Atbbston 
Seidell.      Reprint  762.     5  pp.     Paper,  5  cents.     1922. 

A  Source  of  Lead  Contamination  of  Cistern  Water.  Report  of  an  Examina- 
tion of  the  Drinking  Water  Supply  System  at  the  U.  S.  Fish  Hatchery 
Station,  Ten  Pound  Island.  Gloucester,  Mass.,  for  Possible  Sources  of 
Lead  Contamination.  Leonard  GRHENBtrKO.  Reprint  772.  S  pp. 
Paper,  5  cents.     1922. 

Control  of  Drinking  and  Culinary  Water  on  Vessels  in  Interstate  Traffic 
A   E   Gorman.      Reprint  764.     8  pp.     Paper,  5  cents.     1922. 

Sulfarsphenamine.  Its  Manufactn-e  and  Its  Chemical  and  Chemother- 
apeutic  Properties.  Carl  Vobgtlin,  J.  M.  Johnson  and  Helen  Dyer. 
Public  Bcallh  Reports.  37  (November  10,  1922),  2783-98. 

The  Tannic  Acid  Method  for  Quantitative  Determination  of  Carbon  Monox- 
ide in  the  Blood.  R.  R.  Savers  and  W.  P.  Vant.  Public  Health  Re- 
ports, 37  (October  6,  1922),  2433-9 

MANUFACTUREBS'  TECHNICAL  PUBLICATIONS 

Metallurgy:  Standard  Crushing,  Grinding,  and  Pulverizing  Mills;  Stand- 
ard Cinder  and  Metal  Reclaiming  Mills.  Two  booklets  of  16  pages  each 
dealing  with  these  two  important  applications  of  standard  milb.  Stani>- 
ARD  Equipment  Co.,  New  Haven,  Conn. 

Industrial  Ovens.  A  booklet  of  12  pages  describing  the  sectional  type  of 
industrial  oven.  The  Oven  Equipment  and  Mfo.  Co.,  New  Haven, 
Conn. 
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Movement  of  chemical  products  from  producing  to  consuming 
channels  during  November  slowed  down  considerably.  Al- 
though prices  which  worked  their  way  to  higher  levels  during 
September  and  October  might  have  reacted  on  a  reduction  in 
demand  throughout  the  past  month,  the  generally  small  stocks 
of  all  industrial  chemicals  and  the  difficulty  in  getting  ship- 
ments through  from  plants  have  been  sufficient  support  to  pre- 
vent any  sagging  in  values.  In  fact,  most  sellers  have  been 
ver>'  bullish  and  have  stiffly  maintained  prices.  Goods  avail- 
able for  immediate  shipment  from  distribution  points  away  from 
manufacturing  centers  are  being  held  at  premiums  in  some 
instances,  as  the  railroad  car  shortage  and  slow  movement  of 
all  freight  has  permitted  such  stocks  to  become  quite  low. 

According  to  reports,  the  railroads  of  the  country  are  short 
about  150,000  freight  cars  as  a  result  of  the  recent  strike  of 
repairmen,  this  number  of  cars  being  out  of  commission  for  want 
of  repairs.  The  freight  embargo,  or,  as  it  might  better  be  called, 
the  priority  order  for  food  and  coal,  has  caused  much  di£ficulty 
in  shipping  goods,  more  particularly  in  the  West  and  Middle 
West.  The  only  way  to  get  goods  through,  according  to  some 
reports,  is  to  send  a  man  along  with  each  car  to  insure  its  being 
kept  on  the  move,  and  not  side-tracked  and  forgotten.  Indi- 
cations point  to  the  fact  that  thousands  of  chemical  shipments 
rolling  in  various  parts  of  the  country  are  virtually  lost,  con- 
signees being  unable  to  find  any  trace  of  goods  weeks  and  months 
overdue.  In  the  case  of  a  few  medicinal  products,  the  situation 
threatens  to  become  serious. 

The  advance  in  price  of  acetate  of  lime  to  3c  per  lb.  was 
followed  by  advances  in  acetic  acid,  methanol,  formaldehyde, 
and  acetone.  Higher  cost  of  production  is  the  main  reason 
for  the  advance.  Mineral  acids  have  been  in  better  demand. 
Ammonia  alums  and  aluminium  sulfate  have  been  very  scarce, 
due  to  the  delayed  shipments  of  bauxite  from  the  South  and 
West.  Arsenic  is  very  scarce  and  prices  have  advanced.  Both 
foreign  and  domestic  production  have  been  sold  and  many 
consumers  are  still  uncovered  for  the  coming  season.  Copperas 
has  been  scarce.  Yellow  prussiate  of  soda  has  declined.  Potas- 
sium prussiatc  is  strong  on  scarcity  and  good  demand.  Makers 
are  taking  on  contracts  for  next  year  for  soda  ash,  caustic  soda, 
and  bichromates  at  unchanged  prices.  Caustic  and  ash  are  in 
good  demand.  The  steady  advances  in  the  prices  of  tin,  lead, 
and  zinc  have  resulted  in  advances  in  tin  crystals,  all  lead  prod- 
ucts, and  zinc  oxide.  Higher  potash  prices  have  been  made  by 
the  German  Kali  Syndicate. 


Demand  for  animal  and  fish  oils  has  been  increasing  and  stocks- 
are  low.  Lard  oils,  tallow,  stearic,  and  oleic  acids  have  advanced 
in  price.  Supplies  of  fish  oils  were  well  bought  up  by  soap^ 
makers  at  the  close  of  the  fishing  season.  Menhaden  and  cod 
oil  are  higher.  Cottonseed  oil  has  been  very  active  due  to 
scarcity  of  crude  oil  and  high  price  of  cotton.  Linseed  oil 
dropped  slightly  on  reports  of  a  record  crop  of  flaxseed  in  Argen- 
tine. Denatured  olive  oU  is  higher.  Palm  and  coconut  oils 
are  in  good  demand.  Turpentine  advanced  to  the  highest  mark 
in  two  years  at  SI. 68  per  gal.,  the  rise  being  due  to  shortage 
in  primary  markets. 

Coal-tar  products  as  a  whole  have  been  very  scarce.  Since 
the  settlement  of  the  coal  strike  production  has  been  gaining 
slowly,  but  the  demand  is  still  much  greater  than  the  supply. 
There  has  been  an  increasing  demand  for  90  per  cent  benzene 
for  motor  fuel,  which  has  cut  into  the  toluene  production.  Sup- 
plies of  cresylic  acid  and  phenol  are  very  low  and  the  production 
of  the  only  large  maker  is  sold  far  In  advance.  A  few  odd  lots 
are  found  here  and  there  in  the  open  market  and  the  price  asked 
is  the  highest  since  1918.  Some  imported  phenol  is  now  offered 
at  35c  per  lb.  Rimiors  are  heard  to  the  effect  that  synthetic 
phenol  plants  will  soon  be  in  operation  as  the  price  of  phenol  is 
now  high  enough  to  warrant  its  manufacture  at  a  profit  in  com- 
petition with  imported  material.  The  demand  for  intermediates 
has  been  increasing,  with  greatest  interest  being  shown  in  H-acid, 
gamma  acid,  benzidine,  paranitraniline,  beta-naphthol  and  di- 
methylaniline.  Aniline  oil  is  scarce  on  spot  and  prices  firm. 
Dimethylaniline  is  higher  on  increased  cost  of  raw  materials. 

In  the  field  of  medicinal  chemicals  less  activity  has  been 
noted  since  the  first  of  November.  As  a  contrast  to  the  broad, 
sharp  advances  of  October,  the  past  month  has  seen  little  or 
nothing  happen  except  in  the  matter  of  derivatives  of  wood 
alcohol  and  phenol,  which  have  both  continued  to  skyrocket. 
Salicylates,  strangely,  have  not  moved  upward  although  pheno! 
prices  are  up  close  to  50  per  cent  above  their  November  first 
level.  American  refiners  have  advanced  camphor  prices.  A 
spot  shortage  of  menthol  finds  prices  on  the  rise.  After  the 
sharp  rises  in  bismuth  and  mercury  preparations  in  October, 
tlie  past  month  has  seen  a  steady  demand  at  unchanged  quota- 
tions. A  number  of  fine  chemicals  are  being  imported  from 
abroad  in  spite  of  the  higher  tariff  rates.  This  is  particularly 
true  in  rare  alkaloids,  and  in  a  number  of  the  less  common 
medicinal  products. 


*5. 

1920 

1921                                    1922 

-    HEAVY   CHKMTCAL  AVERAGE   - 
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FIRST-HAND  PRICES  FOR  GOODS   W   ORIGINAL  PACKACKS   PRRVAILINO    IN   THIS    NIJW   YORK    MARKUT 


INOBOANIC  CHEMICALS 


Acid,  Boric,  cryst.  bbls lb. 

Hydrochloric,  comm'I.  20°  lb. 

Hydrofluoric,  30%  bbls.. lb. 

Hydriodic.  sp.  gr.  1.160... lb. 

Nitric,  42°,  cbys.  c/1  wks.lb. 

Phosphoric,  50%  tech lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Oleum  20% ton 

Alum,  Ammonia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminium  Sulfate  (iron-free)  .lb. 
Ammonium  Carbonate,  pwd..  .lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°... lb. 

Arsenic,  white lb. 

Barium  Chloride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst, ,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine.  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals. ,  .lb. 

Nitrate lb. 

Red lb. 

White  (Carb.) lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech. ..lb. 

Magnesite,  calcined ton 

Phosphorus,  yeUow lb. 

Red lb. 

Plaster  of  Paris bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc,  80-85%. lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk lb. 

Nitrate lb. 

Permanganate,  U.  S.  P...  .lb. 

Prussiate,  red lb. 

YeUow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76%,  N.  Y. .  100  lbs. 


■  UH 
.OlM 
.07 

2.25 

.06K 

.08 

.08 
15.00 
18.00 

.03H 
•.03 

.08 

.03M 

■  02H 


2.00 
.05H 
.29 

24.50 

.06 
6.00 
4.40 

.12 

.22 

.08 

.08K 
3.00 

.07J^ 

55.00 

•.25 

•.26 

4.25 

.10 
•.19 
•.05K 
•.07M 
*.06H 
3.50 

.08 

•.17 

*.90 

•.38 

25.00 

.46 
•1.80 
3.75 


.OIK 
.07 
2.25 

.08 

.07 
15.00 
18.00 

.03H 
•.03^ 

.06 

.04 

.02}^ 

.lOJi 

.075i 


2.00 
.05H 
.29 


6.00 
4.40 

.12 

.22 

.09 

.08H 
3.00 

.07H 

65.00 

•.25 

•.26 

4.25 

.10 
•.19 
•.05H 
•.08H 
•.06H 
3.50 

.08 
•.17 


•1.80 
3.75 


Jan.  1922 

.12« 
.OIH 
.07 
2.00 
.06 
.10 
.07 

le.oo 

19.00 
.03H 
•.03H 
.07 
.03H 
.02H 
.08 
.07H 
.30 
.07H 
■  OOH 
♦53.00 
•.07 
28.00 

2.25 
.05K 
.23 

28.75 

.06 
6.65 
3.80 

.11 

.16 


65.00 

•.27 

•.30 

4.25 
.lOH 

•.13 

'■04H 

*.05H 

•.06 

2.90 
.08 

•.15 

•.29 

•.24H 
17.00 

.44H 
•1.86 

3.80 


Sodium  AceUtc lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate |b. 

Cyanide,  96-98% lb! 

Pluoride.  tech lb. 

HyposulBte,  bbli 100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Pnissiate.  yellow lb! 

Phosphate  (di-tod.),tccb..lb. 

Silicate,  40° lb 

Sulfide,  60%.  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  60%  sol'n lb. 

Oxide lb. 

Zinc  Cbioride,  U.  S.  P lb. 

Oxide,  bbls lb. 


.0711 

■  07H 

.04 

2.00 

3.00 

2.00 

.07M 

.07K 

.07H 

.04M 

.04« 

.04M 

.0«H 

.o«M 

■  07H 

.23 

.28 

.09M 

.Wt'A 

09M 

3.20 

3.20 

a. SO 

2.40 

2.40 

2.32H 

.00 

.09 

.0«H 

.22 

■  1«H 

.04H 

.04H 

■  04X 

•  OIH 

.OlM 

■OiH 

.04 

.04 

.06 

•10 

•  10 

•10 

3.00 

3.00 

2.76 

14.00 

14.00 

IS. 00 

lOH 

.lOH 

OSH 

OROANIC  CHEMICALS 


•Resale  or  Imported  (not  an  American  makers'  price). 


AceUnilide,  U.  S.  P.  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial lb. 

Benzoic,    U.  S.  P lb. 

Carbolic,  cryst.,  U.  S.  P., 

drs lb. 

50-  to  110-lb.  tins lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks. ..lb. 

Pyrogallic,  resublimed ...  .lb. 

Salicylic,  U.  S.  P lb. 

Tannic,  U.  S.  P.,  bbls lb. 

TarUric,  cryst.,  U.  S.  P. .  .lb. 

Acetone,  drums lb. 

Alcohol,  denatured,  complete. gal. 

Ethyl,  190  proof,  bbls.. .  .gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  coses. .  .lb. 
Carbon  Bisulfide,  c/l lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums. .  .lb. 

Creosote,  U.  S.  P lb. 

Cresol.  U.  S.  P lb. 

Dextrin,  com 100  lbs. 

Imported  Potato lb. 

Ether,  U.  S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. . .  .lb. 

Methanol,  pure,  bbls gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  com,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 


2.92H 
-IIH 


2.92H 
•  IIH 


2.37H 
.10 
.60 

.12 
.18 
•.48 


4.66 

4.«6 

4.76 

2.00 

2.00 

2.00 

.87 

.85 

.90 

.06 

.06 

.06H 

.10 

.10 

lOH 

.25 

.25 

.43 

.40 

.40 

.40 

.18 

.18 

.14 

3.09 

3.09 

2.70 

.09 

.09 

.06H 

.14 

.14 

.14 

.13M 

.13H 

.lOH 

.17H 

Alii 

.14H 

.90 

1.02 

.75 

3.00 

3.00 

4.00 

.04M 

.04H 

■  06ii 

1.75 

1.76 

1.75 

2.47 

2.47 

3.13 

.07 

.07 

.06H 

.03H 

.03H 

.04 

*3. 

1920 

1921 

1922 

-   PINE  CHEUICAL  AVERAGE  - 

,^ 
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»,^ 

Simple  Average  of  Twenty   Rep- 
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OILS,  WAXES,  ETC. 


Beuwmx,  pure,  white lb. 

Cutor  Oil,  No.  3 lb. 

Ceresin,  yellow lb. 

Corn  Oil,  crude,  tanks,  mills..  .lb. 
Cottonseed  Oil,  crude,  f.  o.  b. 

mill lb. 

Linseed  On,  raw,  c/1 gal. 

Menhaden  Oil.  crude,  mills. .  .  gal. 

Neat's-foot  Oil,  20» lb. 

Paraffin,  128-130  m.  p.,  ref lb. 

Rosin,  "F"  grade,  280  lbs bbl. 

Rosin  Oil,  6rst  run gal. 

Shellac,  T.  N lb. 

Sperm  On,    bleached    winter, 

38° gal. 

Stearic  Acid,  double  pressed.,  .lb. 

Tallow  Oil,  acidlesi lb. 

Turpentine,  spirits  of gal. 


Aluminium.  No.  1,  ingots lb. 

Antimony,  ordinary 100  lbs. 

Bismuth lb. 

Copper,  electrolytic lb. 

Lake lb. 

Lead,  N.  Y 100  lbs. 

Nickel,  electrolytic lb. 

Platinum,  re&ned,  soft oz. 

Quicksilver,  aask 75  lbs.  ea. 

Silver,  foreiga oz. 

Tin lb. 

Tungsten  Wolframite per  unit 

ZInc.N.  Y 100  lbs. 


.07Ji 


.03H 


.lOH 
.07H 


7.00 
2.60 

.13K 

.14 
6.50 

.36 
108.00 
71.00 

.69K 

.35)i 
3.25 
8.00 


.OTH 

.065i 

.08H 

.07 

,88 

.69 

.48 

.35 

.18 

.16H 

.03H 

.05 

6.70 

5.30 

.43 

.36 

.72 

.S6 

1.05 

1.70 

.10 

.09H 

.UH 

.10 

1.57 

.82H 

7.25 

.36 

108.00 

71.00 

.66H 

.37^ 

3.50 

8.25 


FEBTILIZEB  MATEBIAI.S 


Ammonium  Sulfate,  ezpt. .  100  lbs.  3. 65 

Blood,  dried,  f.  o.  b.  N.  Y...  .unit  4,25 

Bone,  3  and  60,  ground,  raw.. ton  28.00 
Calcium  Cyanamide,  unit  of 

ammonia 2.25 

Pish  Scrap,  dried,  wks unit  4.25 

Phoaphate  Rock   f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3.00 

Tennessee,  78-80% ton  4.00 

Potassium  Muriate,  80% unit  .70 

Tankage,  high-grade,  f.  o.  b. 

Chicago unit  4.50  &  .10 


COAL-TAE  CHEMICALS 


Crudss 

Anthracene,  80-85% lb. 

Bcnxene,  pure,  tanks gal. 

Naphthalene,  Bake lb. 

Pkcaol.  drums lb. 


.17 

4.55 

1.80 
.13H 
■  13H 

4.70 

.45 

78.00 

52.00 

.85)i 

.32H 

2.00 

5.20 


3.65 
4.35 
28.00 

2.60 
3.50 
30.00 

2.26 
4.00 

2.25 
3.25  & 

.10 

3.00 

4.00 

.70 

5.00 
8.00 
•.76 

4.35  & 

10 

3.00  & 

.10 

.30 

.30 

.29 

.06H 

MH 

.07M 

.30 

.33 

.11 

Crudes     (conduded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 

tanks gal. 

Intermediates 
Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Qeve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Napbthionic,  crude lb. 

Nevile  &  Winther's lb. 

Picric lb. 

SulfaniUc lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Antfaraquinone   (sublimed) lb. 

Benzaldehyde,  tech lb. 

U.  S.  P lb. 

Benzidine  Base ib. 

Benxidine  Sulfate lb. 

Diaminopbenol lb. 

Dianisidine lb. 

^-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Diaitrotoluene lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoetbylaniline lb. 

6-Naphthol,  dist lb. 

o-Napbthylamine lb. 

^•Naphthylamioe lb. 

m-Nitroaniline lb. 

p-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane)...lb. 

p-Nitrophenol lb. 

o-Nitrotoluene lb. 

^-Nitro  toluene lb. 

m-Pbenylenediamine lb. 

P-Phenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt Ib. 

Resorcinol,  tech lb. 

U.  S.  P Ib. 

Schaeffcr's  Salt Ib. 

Sodium  Napbthionate lb. 

Tbiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidioe,  mixed Ib. 

O'Toluidine lb. 

^-Toluidine lb. 

m-Toluylenediamine lb. 

Xylidine lb. 


1.50 

1.50 

1.50 

1.80 

1.80 

2.25 

.75 

.75 

1.00 

1.00 

1.00 

1.60 

2.30 

2.30 

2.30 

.60 

.60 

.66 

1.20 

1.15 

1.30 

.20 

.20 

.26 

.17 

.17 

.26 

1.50 

1.50 

2.00 

1.15 

1.15 

1.15 

.16 

.16 

.17 

.24 

.24 

.25 

1.35 

1.35 

1.50 

.65 

.55 

.45 

1.40 

1.40 

1.25 

.85 

.85 

.90 

.70 

.70 

.70 

3.75 

3.75 

5.60 

4.50 

4.50 

4.75 

.06 

.06 

.15 

.60 

.60 

.90 

.38 

.41 

.40 

.20 

.20 

.21 

.20 

.20 

.25 

.52 

.52 

.58 

.65 

.66 

.70 

1.15 

1.16 

1.35 

.08 

.08 

.10 

1.00 

1. 00 

1.00 

.24 

.24 

.30 

.30 

.30 

..30 

.95 

.95 

1.05 

.62 

.62 

.85 

.73 

.73 

.77 

.10 

.10 

.10 

.72 

.72 

.76 

.09 

.08 

.16 

.60 

.60 

.70 

.90 

.90 

1.10 

1.50 

1.50 

1.60 

.35 

.35 

.38 

.56 

.55 

.60 

1.30 

1.30 

1.60 

2.00 

2.00 

2.00 

.60 

.60 

.70 

.60 

.60 

.70 

.35 

.35 

.40 

1.16 

1.15 

I.JO 

.30 

.30 

.30 

.14 

.14 

.20 

.95 

.95 

1.10 

.95 

.95 

1.10 

*i.?o 
*5o 

1920 

1921 

1922 

„,.» 

^ 

'" 

' 

H 

^ 

"^ 
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X 
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